Published online: 9 August 2016

Abdominal

Radiology

© Springer Science+Business Media New York 2016

Abdom Radiol (2017) 42:28-45
DOI: 10.1007/s00261-016-0856-y

@ CrossMark

latrogenic, blunt, and penetrating trauma

to the biliary tract

Christina A. LeBedis ®," David D. B. Bates,? Jorge A. Soto'

"Department of Radiology, Boston University Medical Center, 820 Harrison Avenue 3rd Floor, Boston, MA 02118, USA
2Department of Radiology, Massachusetts General Hospital, 55 Fruit Street, Boston, MA 02114, USA

Abstract

Iatrogenic and traumatic bile leaks are uncommon.
However, given the overall increase in number of hepa-
tobiliary surgeries and the paradigm shift toward non-
operative management of patients with liver trauma, they
have become more prevalent in recent years. Imaging is
essential to establishing early diagnosis and guiding
treatment as the clinical signs and symptoms of bile leaks
are nonspecific, and a delay in recognition of bile leaks
portends a high morbidity and mortality rate. Findings
suspicious for a bile leak at computed tomography or
ultrasonography include free or contained peri- or
intrahepatic low density fluid in the setting of recent
trauma or hepatobiliary surgery. Hepatobiliary scintig-
raphy and magnetic resonance cholangiopancreatogra-
phy (MRCP) with hepatobiliary contrast agents can be
used to detect active or contained bile leak. MRCP with
hepatobiliary contrast agents has the unique ability to
reveal the exact location of bile leak, which often governs
whether endoscopic management or surgical manage-
ment is warranted. Percutaneous transhepatic cholan-
giography and fluoroscopy via an indwelling catheter
that is placed either percutaneously or surgically are
useful modalities to guide percutaneous transhepatic
biliary drain placement which can provide biliary drai-
nage and/or diversion in the setting of traumatic biliary
injury. Surgical treatment of a bile duct injury with
Roux-en-Y hepaticojejunostomy is warranted if defini-
tive treatment cannot be accomplished through percu-
taneous or endoscopic means.
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Bile duct injuries in the postoperative and posttraumatic
settings are uncommon. Confounding the diagnosis of
biliary tract injuries is the presence of nonbiliary fluid
collections and the nonspecific clinical symptoms of the
patients with bile leak. Bile duct injuries include leaks,
transections, and strictures, which can lead to bilomas,
biliary peritonitis, intra-abdominal abscess, cholangitis,
biliary cirrhosis, portal hypertension, sepsis, and hepatic
or multiple organ failure [1].

Several classification systems have been developed for
iatrogenic bile duct injury. Before the advent of laparo-
scopy, biliary strictures were delineated by severity using
the Bismuth classification, which was developed in the
early 1980s [2, 3]. This classification system was intended
to guide surgical repair and correlates with outcomes after
treatment [3]. Secondly, the Strasberg classification from
the mid-1990s is most widely used in clinical practice today
[4]. It is an expansion of the Bismuth classification, and
includes various types of injuries caused at laparoscopic
cholecystectomy. Lastly, Stewart-Way is a more recent
classification system that incorporates both the mecha-
nism of bile duct injury as well as its anatomic location.
The added utility of Stewart-Way is that this system can be
used to help prevent iatrogenic bile duct injuries. This
classification also differentiates between bile duct leaks
and strictures, which is helpful in guiding preoperative
evaluation and biliary reconstruction [1]. The use of these
classifications is limited in daily clinical practice, where the
most important distinction is the presence or absence of a
complete bile duct transection. Additionally, none of the
existing classifications take into account all therapeutic
and prognostic implications [5].

Imaging plays a crucial role in the diagnosis of bile
duct injury, as well as assessment of its location and
severity. Imaging options are numerous and include
ultrasonography (US), computed tomography (CT),
magnetic resonance cholangiopancreatography (MRCP),
hepatobiliary scintigraphy, percutaneous transhepatic
cholangiography (PTC), and fluoroscopy with a contrast
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agent injected through a surgically or percutancously
placed biliary drainage catheter [6]. A noncontrast
MRCP can be performed to assess the biliary tract,
however, MRCP obtained with a hepatobiliary contrast
agent has the unique ability to reveal the exact location
of bile leak, which often governs whether endoscopic
management or surgical management is warranted. A
multimodality imaging approach to biliary injury is often
necessary, as each modality has its own strengths and
limitations.

Treatment options vary depending on the type of bile
duct injury, but include endoscopic, percutaneous, and
surgical interventions [6]. Optimal management of biliary
injuries requires a multidisciplinary approach and is
dependent on the type of injury, timing of injury detec-
tion, associated complications, condition of the patient,
and local availability of an experienced hepatobiliary
surgeon. Imaging is crucial for the initial diagnosis,
assessment of injury extent, and preprocedural planning.
Prompt recognition of bile duct injuries is crucial to
avoid the potential high morbidity and mortality, im-
paired quality of life, and associated financial burden.
Bile duct injury patients have increased lengths of stay,
undergo more imaging and interventional procedures,
and worse health-related quality of life scores when
compared to similar patients who have undergone
cholecystectomy or sustained blunt or penetrating trau-
ma who do not have bile duct injury [5, 7-11].

In this article, the imaging features of iatrogenic and
traumatic bile duct injury on multiple imaging modalities
are reviewed and their treatments compared.

Initial bile duct injury patient
management

Once a patient has been diagnosed with a biliary tract
injury and has been stabilized with intravenous fluids,
electrolyte and nutritional replenishment, and/or antibi-
otics, attention should be directed toward draining
bilomas and abscesses, establishing biliary drainage, and
obtaining complete cholangiographic characterization of
the injury [2, 3, 12—-14].

latrogenic bile leaks
Overview

There has been an increase in the number of hepatobil-
iary surgeries over the last few decades due to advance-
ment in both open and laparoscopic surgical techniques.
There has been a resultant increase in the number of
biliary injuries, including bile leak, transection, stricture,
and obstruction by surgical clips. These injuries can
subsequently lead to the development of bilomas, biliary
peritonitis, intra-abdominal abscesses, cholangitis, sep-
sis, biliary cirrhosis, portal hypertension, and hepatic or
multiple organ failure. Open cholecystectomy, laparo-

scopic cholecystectomy, hepatic resection, hepatic
transplantation, and liver biopsy are all associated with
bile leaks [15, 16].

Laparoscopic cholecystectomy is the most frequently
performed laparoscopic surgery worldwide, numbering
over 750,000 annually in the United States alone [1]. The
advantages of laparoscopic cholecystectomy over open
cholecystectomy are reduced healing times, fewer wound
infections, and less pain. The main disadvantage of the
laparoscopic approach is the higher incidence of major
bile duct injury with rates of 0.3%—0.72% compared to
0.1%-0.2% for open cholecystectomy [3, 8, 17-23]. The
incidence of bile duct injury decreases with the experience
of the surgeon. In the setting of laparoscopic cholecys-
tectomy, the most frequent mechanisms of biliary leak-
age are attributed to slippage of the cystic duct ligature, a
leak from gallbladder bed due to a deep dissection plane,
a leak from an accessory bile duct such as Luschka’s
ducts where there is a direct communication from the
gallbladder to the right hepatic ductal system, or leak
from an anomalous bile duct related to misidentification
of biliary anatomy such as wrongly thinking that the
common bile duct (CBD) is the cystic duct [24-26]. De-
layed bile leaks are usually due to thermal or vascular
injury during surgical dissection [27, 28]. Rarely, retained
choledocholithiasis can result in suture breakdown by
obstructing bile flow. Postoperative bile leaks are also
seen in the setting of an intrahepatic position of the
gallbladder, or if the gallbladder is friable due to chronic
cholecystitis [7 (Fig. 1)].

Clinically significant bile leaks occur in as many as
2%-25% of patients after orthotopic liver transplanta-
tion or hepatic resection, particularly nonanatomic hep-
atic resections [29, 30]. After liver transplantation or
hepaticojejunostomy (biliary-enteric anastomosis), bil-
iary leaks can also occur due to injury from the removal
or spontaneous migration of an external drainage tube.
Posttransplant leaks can also occur at sites of biliary
anastomosis [31]. Ablation of liver tumors has been
associated with biliary necrosis, with subsequent biloma
formation.

Anastomotic biliary strictures may complicate liver
transplantation and Roux-en-Y hepaticojejunostomy.
Less commonly, the strictures are the result of ischemia
due to hepatic artery thrombosis or stenosis [32]. Major
complications from stricture formation include cholan-
gitis and secondary biliary cirrhosis [5, 6, 33].

The ability of surgeons to detect bile duct injuries
intraoperatively is limited, as only ~25% of bile duct
injuries are identified [1, 5]. Intraoperative cholangiog-
raphy is not commonly performed, as it increases
operative time, creates a risk of tear at the confluence
of the cystic duct and CBD, and increases the cost of
the procedure [34]. Thus, a surgeon must maintain a
high index of suspicion for a bile duct injury postop-
eratively.
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Fig. 1. A 16-year-old man after cholecystectomy presenting
with abdominal pain. 2D MRCP A coronal B and axial C
SSTSE images show a fluid collection in the gallbladder fossa
(arrows) suspicious for a bile leak. D The patient was brought

Clinical presentation

In the open cholecystectomy era, patients with bile duct
injuries classically presented with jaundice, dilated bile
ducts, and abdominal pain. In the laparoscopic era, bile
duct injuries are often associated with a biliary fistula,
are not jaundiced, and present with nonspecific vague
clinical symptoms which can delay diagnosis and result
in life-threatening illness. Conversely, patients with bil-
iary strictures are often recognized earlier as they present
more classically with jaundice, bile duct dilation, and
abdominal pain [1, 35]. Biliary injuries that are not de-
tected intraoperatively may manifest days, months, or
years later [14, 36]. Intra-abdominal drains are no longer
routinely placed after laparoscopic cholecystectomy be-
cause they increase both hospital stay and risk of infec-
tion. These drains did, however, allow for early
identification of bile leaks [37]. Patients may present with
signs or symptoms of bile leak or bile duct transection or
ligation, including jaundice, biliary peritonitis, and

back for delayed images at 5 h, when coronal T1 fat-sup-
pressed images showed the accumulation of excreted con-
trast into the peritoneal cavity, including posterior to the
spleen (arrow), confirming a bile leak.

cholangitis; however, diagnosis is frequently delayed due
to nonspecific symptoms such as abdominal pain, ma-
laise, nausea, and anorexia which may be attributed to
other more frequent postoperative complications [14, 35,
36, 38, 39]. Late manifestations include recurrent
cholangitis and secondary biliary cirrhosis due to stric-
tures [14, 37].

Imaging findings and treatment

Imaging is crucial to establish a diagnosis of bile duct
injury, delineate its extent, and help in preprocedural
planning as incomplete cholangiographic characteriza-
tion is associated with poor surgical outcomes [40].
Imaging options include US, CT, hepatobiliary scintig-
raphy, MRCP, ERCP, PTC, and fluoroscopy with con-
trast injected via an indwelling drain that was placed
intraoperatively or percutancously for a bile leak. A
stepwise multimodality approach is usually warranted as
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each of these imaging options offers different advantages
and limitations.

UsS

US is also considered a first-line imaging modality that
can raise concern for a biliary injury. It has the ability to
depict fluid collections, biliary duct dilation, and arterial
injuries. However, US has a lower sensitivity for these
findings and can lead to a diagnostic delay [35, 41].

CcT

CT serves as a first-line imaging modality which can
suggest bile leaks with a number of nonspecific imaging
findings. CT can depict perihepatic or intrahepatic focal
fluid collections, pericholecystic fluid, ascites, a collapsed
gallbladder, biliary obstruction, and sequela of long-term
bile duct obstruction such as lobar atrophy or biliary
cirrhosis [35, 42]. Interestingly, bile ducts are usually not
dilated after laparoscopic bile duct injury. Since many of
these findings can be seen in the postoperative setting, a
high index of suspicion must be maintained for any fluid
collection that is encountered. In addition, hepatic arte-
rial injuries are seen in patients with laparoscopic-related
bile duct injury, as the right hepatic artery usually travels
posterior to the CBD. In a study of 77,604 patients who
underwent laparoscopic cholecystectomy, the incidence
of vascular injury was 0.25% [43]. Three patterns of
arterial injury predominate: transection, occlusion by
clips, and thrombosis of the vessel. Combined biliary
tract and hepatic artery injury can be complicated by bile
duct necrosis, biliary stricture, biliary cirrhosis, and liver
Necrosis.

Thus, the integrity of the hepatic artery, especially the
right hepatic artery, should be examined with Doppler
US or CT angiography (CTA) prior to revision of an
iatrogenic bile duct injury. Conventional angiography is
only necessary if arterial occlusion is suspected by US or
CTA. Arterial reconstruction should be pursued within
4 days of injury to circumvent hepatic necrosis, biliary-
enteric anastomotic leakage, and delayed biliary stricture
[44].

At our institution, patients undergo CT scanning
using a 64-detector CT scanner (LightSpeed VCT; GE
Medical Systems, Milwaukee, WI) with the following
acquisition parameters: reconstruction thickness, 1.25
and 3.75 mm; noise index, 24; pitch, 1:0.984; gantry
rotation time, 0.5 s. All patients with suspected bile leak
and normal renal function receive a bolus of 100 mL of
intravenous contrast (iopamidol, 370 mg iodine/mL,
ISOVUE; Bracco Diagnostics, Monroe Township, NJ)
at a rate of 3-5 mL/s with use of a power injector
through an 18- or 20-gage cannula in an antecubital vein.
CT examinations are acquired from the lung bases
through the pubic symphysis after a 70-s delay (portal

venous phase). In all cases, reformations in coronal and
sagittal planes were provided (2.5 mm thick-
ness x 2.5 mm intervals).

Hepatobiliary scintigraphy

Hepatobiliary scintigraphy demonstrates physiologic
biliary excretion and has the ability to demonstrate active
bile leaks, both free intraperitoneal as well as contained
intrahepatic leaks. The progressive accumulation of
radiotracer in the abdominal cavity that does not con-
form to the morphologic appearance of bowel is diag-
nostic of bile leak [45]. Cholescintigraphy is efficacious
not only in detection of bile leaks, but also in deter-
mining the severity and rapidity of the leak with use of
dynamic imaging. A substantial limitation of hepatobil-
iary scintigraphy has been its relatively poor anatomic
definition and spatial resolution, which, in turn, neces-
sitates a secondary diagnostic evaluation (such as MRCP
or ERCP) to define the anatomy, localize the site of the
leakage, and decide whether endoscopic or surgical
management is appropriate. Another diagnostic pitfall
can occur when trying to distinguish between activity
from bowel and a contained bile leak [45].

To enhance diagnostic and anatomic accuracy in
detection of biliary leaks, single-photon emission
tomography—computed tomography (SPECT/CT) has
been used in combination with dynamic and planar
hepatobiliary scintigraphic imaging. In a study of pa-
tients with findings of bile leaks on planar hepatobiliary
imaging, concurrent SPECT/CT imaging was found to
provide additional useful information in 76%, which in-
cludes revealing the exact site and extent of bile collec-
tions and leaks, which in turn influenced immediate
management of the patients [46]. In addition, in patients
with suspected bile leaks, the diagnostic utility of hybrid
SPECT/CT with scintigraphy is reported to be improved
when compared to planar scintigraphic imaging alone,
by providing not only anatomic detail, but also by
decreasing the rate of false-positive diagnoses [47, 48].

MRCP

A noncontrast MRCP can be performed to assess the
biliary tract (Table 1). MRCP with a hepatobiliary
contrast agent is a powerful alternative to hepatobiliary
scintigraphy in the dynamic evaluation of the biliary
system as it has the unique ability to reveal the exact
location of a bile leak [49]. There are two types of hep-
atobiliary-specific agents: hepatocyte-selective (man-
gafodipir trisodium) and combined (extracellular and
hepatocyte-selective) agents (gadobenate dimeglumine
and gadoxetic acid). Mangafodipir was removed from
the US market in 2006, however, much of the experience
with hepatobiliary-specific agents has been with this
contrast agent and it shares delayed phase imaging
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characteristics with the other hepatobiliary-specific
agents [50]. Gadolinium-based hepatobiliary contrast
agents such as gadoxetate disodium (Eovist) have the
ability to provide dynamic biliary imaging during the
hepatocyte phase due to their excretion through both the
kidneys (50%) and liver (50%). As a result, hepatobiliary
contrast agents may be used to increase diagnostic
accuracy in leak site localization when compared to
traditional T2-weighted MRCP. These contrast agents
shorten the T1 relaxation time of bile, resulting in high
signal intensity of bile at T1-weighted imaging without
sacrificing information about the biliary tract which is
gleaned from the arterial, portal venous, and equilibrium
phases or during heavily T2-weighted 2D and 3D images
[51, 52]. The use of gadoxetate disodium for biliary
applications is an off-label indication, since the United
States Food and Drug Administration has not approved
this agent for MRCP yet. Gadoxetate disodium has been
associated with transient severe motion (TSM) in the
arterial phase and efforts are being made to compensate
for this limitation, for example, using multiple arterial
phase acquisition [53].

In patients with normal liver function, the hepato-
biliary phase is imaged approximately 20 min after the
administration of gadoxetate disodium contrast, using
fat-saturated 3D gradient-echo T1-weighted images. MR
imaging enhanced with hepatobiliary contrast agents
allows for improved characterization of biliary anatomy
by providing higher signal-to-noise ratio in the bile duct
than can be achieved with traditional T2-weighted MR
imaging [54, 55]. By providing functional information as
well as anatomic delineation of the biliary tract, hepa-
tobiliary contrast agents may identify the exact site of a
bile leak. This obviates the need for traditional biliary
imaging modalities such as scintigraphy, which has less
spatial resolution and anatomic detail than MRCP and
ERCP. ERCP is somewhat limited in that it does not
allow visualization of the biliary tract proximal to the site
of injury or aberrant right hepatic ducts. Delayed
imaging in the hepatobiliary phase may demonstrate
direct evidence of bile leak with extravasation of contrast
on TIW images within the liver, in the perihepatic re-
gion, or into the peritoneal cavity. Fat-saturated 3D
gradient-echo T1-weighted images can be acquired with
delays longer than 20 min if necessary to troubleshoot a
suspected bile leak. A prospective study in 34 postla-
paroscopic cholecystectomy patients reported a 95%
sensitivity and 100% specificity of MR cholangiograms
with hepatobiliary contrast agent mangafodipir triso-
dium in detecting bile leaks [15] (Figs. 2, 3, 4).

One unusual potential complication of a bile leak is
leakage of contrast into the pleural cavity which is
diagnostic of thoracobiliary fistula [56]. Contrast pooling
within a subhepatic, intrahepatic, or perihepatic fluid
collection signifies a direct communication with the bil-
iary tract and the presence of a biloma [57]. Finally,
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Fig. 2. A 32-year-old woman status-postcholecystectomy
presents with abdominal pain 1 month later and a bile leak. A
Axial single-shot turbo spin echo (SSTSE) image shows a
complex fluid collection in the gallbladder fossa (arrow).
MRCP with gadoxetate disodium was performed. Delayed
20 min postcontrast coronal B, C, and axial D images show

secondary signs of biliary injury on MR are similar to
those on CT.

Disadvantages of hepatobiliary contrast-agent-en-
hanced MRCP include relative cost, diminished and
variable filling of bile ducts if there is reduced hepatic
function, and potential interference with T2-weighted
images secondary to T2-shortening effect of concentrated
contrast material within the biliary system [58]. The latter
pitfall may be circumvented by acquiring conventional
T2-weighted MRCP images prior to biliary excretion of
contrast [54]. Lastly, there is the possibility that the exact
site of biliary duct disruption may be obscured by a ra-
pidly accumulating collection of hepatobiliary contrast-
enhanced bile in the setting of brisk leakage [55].

ERCP

Endoscopic  retrograde  cholangiopancreatography
(ERCP) is a relatively invasive procedure that has the
dual capability of diagnosis and simultaneous treatment
when nonoperative management of biliary injuries is

direct leakage of contrast from the cystic duct into the fluid
collection (arrows). E and F Percutaneous transhepatic
cholangiogram (PTC) was performed, which confirmed the
leakage of contrast from the remnant cystic duct (arrows). CD,
cystic duct; CBD, common bile duct; CHD, common hepatic
duct.

pursued. ERCP allows for the placement of biliary stents
and drainage catheters, which are standard treatment of
CBD stenoses and leaks from the cystic duct stump or
small peripheral ducts which require percutaneous drai-
nage [59]. Biliary stent placement with or without
sphincterotomy works by diminishing the pressure gra-
dient between the bile duct and the duodenum, thus
facilitating preferential bile flow into the duodenum,
allowing for healing of the duct leak. The limitations of
ERCP include its inability to assess the biliary tract
proximal to a major duct transection or ligation and its
limited utility after surgical biliary-enteric anastomosis
[60]. Other unique pitfalls of ERCP in the postoperative
setting include nonvisualization of transected or ligated
ducts that are not connected to the central biliary tract,
such as an aberrant right hepatic duct that may be the
source of a leak. Another limitation is when there is
proximity of a percutaneous drain to the leak site, which
may divert contrast away from the leak, potentially
producing false-negative results [49]. Finally, a substan-
tial minority of patients develop pancreatitis after ERCP,
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Fig. 3. A 46-year-old woman with a history of hepaticoje-
junostomy presents with abdominal pain and hyperbilirubine-
mia. A Postcontrast coronal delayed phase image following the
administration of a hepatobiliary contrast agent demonstrates
obstruction of the left intrahepatic duct (dashed arrow). On axial

and there is also the potential complication of procedu-
ral-related hemorrhage [52].

PTC

PTC is chosen when an intervention such as percutaneous
transhepatic biliary drain (PTBD) placement is required
to decompress an obstructed biliary system and control
bile leakage. PTC is superior to ERCP for the evaluation
of proximal bile duct injuries, common duct ligation, or
transection. It is also superior for the evaluation of an
aberrant right hepatic bile duct that may be ligated or
transected [5, 19, 41, 60—62]. PTC is an invasive procedure
with a major complication rate of 2%, and thus it is not
used for routine diagnosis of bile duct injuries that may be
diagnosed with noninvasive modalities [63].

Fluoroscopy

Fluoroscopy performed during the injection of contrast
medium through an indwelling drain for bile drainage,

B and coronal C delayed phase images of the right hepatic duct
is shown to be patent (arrows). D 3D MRCP shows independent
anastomoses of the right and left hepatic ducts (arrow). E The
patient subsequently underwent drainage of the left system via
percutaneous transhepatic cholangiography.

placed either surgically or percutaneously, may opacify
the bile ducts via the leakage site. This can facilitate
PTBD placement, which can be difficult due to the lack
of dilated bile ducts. This imaging modality should not
be used in patients who are infected due to the risk of
causing systemic sepsis, and it is most likely to be suc-
cessful in the setting of a small biloma that has under-
gone sufficient drainage such that the biloma cavity has
collapsed around the catheter [19, 62].

Treatment

The management of bile duct injuries requires a skilled
multidisciplinary team including interventional radiol-
ogy, gastroenterology, and hepatobiliary surgery; there-
fore, referral to a tertiary center or transplant/quaternary
center is recommended. Percutancous and endoscopic
interventions provide definitive treatment for several
types of bile duct injuries. They can also serve as adjuncts
to definitive surgical repair, and may be the only treat-
ment option in patients who are poor surgical candidates
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Fig. 4. A 50-year-old woman with prior cholecystectomy and
a dilated intrahepatic duct seen on ultrasound (not shown). 3D
MRCP image demonstrates a dilated posterior right hepatic
duct (arrow), which had been injured and ligated at chole-
cystectomy.

[6]. There is no role to our knowledge for exploratory
laparotomy in the setting of suspected biliary injury, as it
is associated with increased morbidity and the site of
biliary injury can be easily overlooked [64].

Cystic duct leaks can be effectively managed in the
vast majority of patients with CBD stenting for 4-
8 weeks via ERCP, either with or without sphinctero-
tomy. Success rates of this approach exceed 90%. Biliary
injuries that involve damage to, but not transection of,
the right sectoral bile duct can be managed nonopera-
tively with drainage and stenting via ERCP or PTC [37,
60, 65-67]. Fluid collections that are suspected to be
bilomas should be drained promptly, as any delay can
lead to serious complications including abscess, cholan-
gitis, and sepsis [35].

Complete ductal ligation or transection, proximal
duct injury and transection or ligation of an aberrant
right hepatic bile duct, usually requires PTC with PTBD
placement for biliary decompression and/or diversion
[19, 41, 60-62]. Bile leaks from small peripheral ducts
such as the ducts of Luschka can be definitively treated
with percutaneous drainage and PTBD placement or
endoscopic CBD stent placement to divert bile flow away
from the leakage site [19]. Initial external drain place-
ment for 2—4 weeks with concomitant antibiotic therapy
should be done prior to internalization of the catheter. In
patients with complete transection or ligation of the
CBD where passage of a catheter is not feasible, or when

there is a major bile leak, hepaticojejunostomy is usually
necessary [37].

Biliary tract surgery is responsible for approximately
95% of biliary strictures [68]. The management of stric-
tures is initially focused on reestablishing biliary drai-
nage to relieve obstructive jaundice and/or cholangitis
[19, 69]. The first-line treatment in these patients is
endoscopic stent placement and balloon dilation, with
success rates ranging between 27%—-89% [70]. Percuta-
neous treatment of proximal bile duct strictures or those
that develop after surgical reconstruction can be
accomplished. However, there is no consensus to our
knowledge as to the technical aspects of balloon dilation
or the best use of stents [71]. Long-term ductal patency
after percutancous treatment alone is variable, ranging
from 33% to 90% [70, 71]. Hepaticojejunostomy for
postcholecystectomy benign bile duct strictures offers the
best long-term results. However, recurrence of the stric-
ture is a known complication after the procedure, with
68% recurring within 3 years and 80% recurring within
5 years [72].

Major complications can occur with percutaneous
biliary procedures including sepsis, cholangitis, bile
leakage, venous and arterial hemobilia, hemoperi-
toneum, subcapsular liver hematoma, pleural complica-
tions, and death. Of note, manipulation of bile duct
catheters in patients with cholangitis should be avoided
to reduce the risk of sepsis [73, 74].

Surgical treatment of a bile duct injury is warranted
if definitive treatment cannot be accomplished through
percutancous or endoscopic means. Roux-en-Y hepati-
cojejunostomy is the treatment of choice for most major
bile duct injuries, with long-term patency rates of more
than 90% if performed by an experienced hepatobiliary
surgeon [1, 5, 69, 75]. Surgical experience is crucial, as
the long-term patency rate drops to only 17%—30% if
the primary surgeon who caused the biliary injury
performs the reconstruction. The morbidity and mor-
tality rates of Roux-en-Y hepaticojejunostomy are
reportedly 38%—47% and 2%-9%, respectively, in the
hands of an experienced biliary surgeon and are higher
in the hands of the primary surgeon [5, 8, 75]. Thus, the
core components of successful biliary reconstruction are
the eradication of intra-abdominal infection, optimiza-
tion of the patient’s nutritional status, complete pre-
operative characterization of the bile duct in injury by
cholangiography, and availability of an experienced
hepatobiliary surgeon [76].

The most common complication of Roux-en-Y hep-
aticojejunostomy is anastomotic stricture, occurring
10%—19% of the time and usually within 2 years of the
procedure [75]. If there is sepsis or organ failure, the
possibility of performing a successful biliary reconstruc-
tion is compromised and surgical delay is warranted [37].
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Fig. 5. A 22-year-old man following a gunshot wound. A
Coronal CT demonstrates a bullet tract through the right chest
passing through the liver (arrow). B Hepatobiliary scintigraphy
scan 1 week later shows an intrahepatic bile leak (arrow) with

Blunt and ?enetrating trauma to the
biliary trac

Overview

In the setting of hepatic trauma, biliary injury is seen
with a frequency of 0.5%—21% depending on the criteria
and methods used to detect bile leaks [77-81]. Since the
mid-1980s, there has been a paradigm shift in the treat-
ment of patients who have sustained hepatic trauma
from definitive surgical treatment to nonoperative man-
agement of hemodynamically stable patients and damage
control surgery in hemodynamically unstable patients
[82-84]. Increased survival rates of these patients, due to
improvements in transport to trauma centers and ICU
care, has made bile leaks a more common complication
[77, 80, 82, 85-87]. Data suggest that patients with
posttraumatic bile leaks have longer hospitalizations,
undergo more imaging examinations and therapeutic
procedures, and incur higher hospital charges [86, 88,

patent cystic duct and CBD. C A follow-up CT performed 6
days later shows a hypodense subcapsular fluid collection
(arrow). D The collection was drained via a percutaneous
catheter.

89]. Conversely, ecarly diagnosis of bile leaks after injury
has been shown to result in a shorter hospital length of
stay with imaging playing an integral role in decreasing
morbidity and mortality [87] (Fig. 5).

Biliary tract injuries are associated with multiple or-
gan injuries, most commonly liver (91%), spleen (54%),
and duodenum (54%) [90, 91]. Biliary injuries can be
intrahepatic, extrahepatic, or a combination of both. It is
unclear to our knowledge if the location of the bile leak is
predictive of treatment outcome [81] (Fig. 6).

Due to the protective effect of the liver, isolated
gallbladder injury is rare, with a reported incidence in
2%-3% of blunt trauma patients undergoing laparotomy
[90, 92]. Risk of gallbladder injury increases in the setting
of blunt trauma in the presence of a distended prepran-
dial gallbladder and in the presence of elevated serum
alcohol, as the latter increases the sphincter of Oddi
constriction resulting in gallbladder distention [92]. The
most commonly reported cause of traumatic injury to the
gallbladder is motor vehicle collision (Fig. 7).
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Fig. 6. An 18-year-old man with a stab wound to the left upper
quadrant. A Axial and B coronal CT images show a left
hemothorax and small liver laceration with active extravasation
of intravenous contrast into the left lobe of the liver (arrows). C—

Injury to the extrahepatic biliary ducts frequently
occurs at sites of anatomic fixation, such as the intra-
pancreatic portion of the CBD. Mechanisms of extra-
hepatic bile duct injury include acute deceleration and
traumatic elevation of the liver with stretching and
trauma of the CBD [37, 90]. Injuries to the intrahepatic
bile ducts are seen in patients with parenchymal liver
injury. CT imaging findings, including the American
Association for the Surgery of Trauma (AAST) liver
injury grade and location of the liver laceration, can be
used to predict which patients are at risk for the devel-
opment of bile leaks, whereas the presence of free fluid is
a nonspecific finding. Specifically, bile leaks on hepato-
biliary scintigraphy have been shown to have higher
AAST grade injuries as well as more central lacerations
[93]. A spectrum of AAST liver laceration grades is
provided for review in Fig. 8.

Clinical presentation

Biliary complications, such as biloma and bile peritonitis,
can present days to weeks after initial trauma, often with
nonspecific progressive symptoms, including vague
abdominal pain, malaise, nausea, vomiting, and
anorexia. Rarely, patients will present with peritoneal
signs, indicating an acute abdomen. These symptoms can
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E The patient underwent resection of the left lateral lobe of the
liver (arrows). Due to increasing abdominal distention and as-
cites, a hepatobiliary scintigraphy scan was performed E,
which showed a small intrahepatic biloma (arrow).

all be masked or misinterpreted given the multiple organ
injuries that are often present in blunt trauma patients.
Since bile is sterile and is absorbed by the peritoneum,
some patients may not experience any symptoms for
weeks after initial trauma, until the bile becomes super-
infected, at which time these patients may present with
the systemic inflammatory response syndrome (SIRS)
and respiratory distress [94]. Laboratory findings may
demonstrate rising or persistently elevated serum biliru-
bin, and may be accompanied by jaundice.

Imaging findings
Us

US plays a limited role in the initial evaluation of bile
leak-related injury, especially as it relates to biliary in-
jury, and is better suited for follow-up or assessment of
known biliary injury complications such as bilomas. US
has been advocated by some in the surgical literature as a
quick and convenient imaging modality for routine fol-
low-up assessment in nonoperative management of
hepatic trauma to detect or confirm the absence of bile
leak-related complications [45]. Possible findings in the
setting of biliary injury may include gallbladder wall
thickening, collapsed gallbladder in the setting of perfo-
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Fig. 7. A 31-year-old man with abdominal pain after a
motor vehicle collision. A Axial CT images demonstrate a
liver laceration extending from the capsule to the hilum (ar-
row), with surrounding free fluid seen on B axial and C

ration, perihepatic and intrahepatic fluid collections, and
ascites.

CcT

Findings associated with posttraumatic biliary injury are
subtle and often nonspecific on CT, which is routinely
used as first-line imaging modality in the setting of
trauma. CT findings of gallbladder injury may include
collapsed gallbladder indicative of perforation, peric-
holecystic fluid, gallbladder wall thickening, and dis-
continuous  gallbladder wall enhancement [90].
Displacement of the gallbladder from its fossa indicates
avulsion, which can be complete or partial. Hyperdense
layering fluid within the gallbladder lumen may represent
intraluminal hemorrhage, while hyperdensity within the
gallbladder wall is indicative of mural injury. In cases of
liver laceration, injury extension to the gallbladder fossa
should raise concern for gallbladder injury (Fig. 9). De-
layed imaging obtained as part of the trauma CT may be
helpful in the setting of suspected gallbladder injury,

coronal images (arrows). There was an associated splenic
laceration (not shown). D Hepatobiliary scintigraphy scan
showed a bile leak with free intraperitoneal spillage of
radiotracer (arrows).

potentially revealing increasing amounts of hyperdense
intraluminal or extraluminal fluid or contrast (Fig. 10).
However, caution should be taken to differentiate these
findings from imaging pitfalls such as vicarious contrast
excretion or hyperdense bile [7, 89].

CT findings associated with biliary duct injury are
even less specific. Liver lacerations, focal perihepatic or
intrahepatic fluid collections, and ascites may be the only
indicators of bile duct injury. Therefore, a high level of
suspicion is required in the presence of these findings.
Suspicion should increase when there are other organ
injuries, particularly the spleen and duodenum. In these
cases, follow-up imaging of the biliary tract with hepa-
tobiliary scintigraphy or MRCP with hepatobiliary
agents plays an integral role in the setting of potential
biliary leaks as there may be delayed complications of
liver injury. For example, progressive growth of a well-
circumscribed, low-attenuation perihepatic, or intra-
parenchymal fluid collection on CT suggests a biloma.
Similarly, persistent or increasing low-attenuation
intraperitoneal fluid in the setting of recent trauma is
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Fig. 8. Examples of AAST liver injury grading on CT. A A
17-year-old male with AAST grade | liver laceration after an
MVC (arrow). B A 29-year-old man with multiple gunshot in-
juries and an AAST grade |l liver laceration (arrow). C A 35-
year-old man with a stab wound to the right flank and a grade

concerning for bile leakage. Finally, additional findings
of peritoneal thickening and hyper-enhancement are
suggestive of bile peritonitis [93] (Fig. 11).

The CT scan protocol used at our institution in the
setting of blunt and penetrating trauma is as previously
described with two caveats. Per our institution’s proto-
col, patients who have sustained blunt trauma do not
receive either oral or rectal contrast. Delayed images
through the abdomen and pelvis were acquired at 5-
10 min in select cases when an abnormality was detected
on the portal venous phase by a radiologist who reviewed
the images in real-time at the CT scanner while the pa-
tient is still on the table.

Hepatobiliary scintigraphy

As mentioned previously hepatobiliary scintigraphy
provides both anatomic and physiologic information
regarding bile leaks and can be used to distinguish be-
tween both free intraperitoneal and contained intrahep-
atic leaks. Its main limitation is that it lacks the spatial
resolution needed for the accurate identification of the

Il AAST liver laceration (arrow). D A 19-year-old man s/p
GSW and AAST grade IV liver laceration (arrow). E A 24-
year-old woman with AAST grade V liver laceration after her
motor vehicle struck a tree (arrows).

exact sites of bile leaks, information which governs
treatment decisions; thus evaluation with additional
modalities such as MRCP and ERCP is needed (Fig. 12).

MRCP

MR cholangiopancreatography (MRCP) with hepato-
cellular contrast agents provides exquisite anatomic de-
tail as well as functional information and has the added
advantage of potentially revealing the exact site of bile
leak and permitting safe and accurate distinction be-
tween fluid of biliary and nonbiliary origin. MRCP with
hepatocyte-selective agents can be performed as the ini-
tial imaging examination, as it provides the diagnosis and
can guide subsequent management, whether endoscopic,
percutaneous, or surgical [15] (Fig. 13).

ERCP

ERCP has both diagnostic and therapeutic capabilities.
The exact location of biliary disruption may be identified
with ERCP. Subsequently, treatment with stenting with



40 C. A. LeBedis et al.: latrogenic, blunt and penetrating trauma to the biliary tract

=i

=

Fig. 9. A 36-year-old man status-poststab wound to the right
upper abdomen. A Sagittal CT image of the abdomen and
pelvis reveal an AAST grade 3 liver laceration extending to
the gallbladder wall (arrow). B Coronal CT image demon-

strates dependent hyperattenuating material within the gall-
bladder lumen (arrow), concerning for hemorrhage. At
surgery, the patient underwent cholecystectomy for laceration
of the posterior wall of the gallbladder with intraluminal clot.

Fig. 10. A 31-year-old man who sustained a roll-over motor
vehicle collision. Sagittal CT images of the abdomen and
pelvis in the A portal venous and B 5-min delayed phase
demonstrate a focus of hyperattenuating material (arrows)

or without sphincterotomy may be utilized when non-
operative management is desired. Biliary stenting is
especially useful in the setting of injury to the major
branches of the extrahepatic bile ducts such as the CBD
or the common hepatic duct, as sphincterotomy alone is
unlikely to result in healing [81]. The stent may bypass
the site of injury, allowing for healing, as well as prevent

within the gallbladder lumen which increases in size on de-
layed phase imaging, raising concern for active intraluminal
hemorrhage.

development of posttraumatic stricture formation at the
site of injury [86].

PTC, fluoroscopy, and PTBD

PTC and fluoroscopy via an indwelling catheter, placed
either percutaneously or surgically, are useful modalities
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Fig. 11.

A 22-year-old man status-postgunshot wound to the
abdomen. A Axial and B coronal CT images of the abdomen
and pelvis show a large laceration involving the right lobe of
the liver (arrows) with hemorrhage tracking into the pelvis

to guide PTBD placement which can provide biliary
drainage and/or diversion in the setting of traumatic
biliary injury. As mentioned previously, PTC has the
advantage of demonstrating the proximal biliary tract,
CBD, and aberrant right hepatic duct [5, 19, 41, 59, 61,
62] which is a distinct advantage over ERCP.

There is a lack of consensus, to our knowledge, both
in the literature and practice for an algorithmic approach
to the diagnosis of posttraumatic bile leaks. Decisions
are often based on the extent of the biliary injury, asso-
ciated organ injuries, and local expertise [7, 81]. Hemo-
dynamically stable patients who have sustained blunt
trauma often undergo CT scanning at the time of
admission to delineate their injuries and triage their
management. If there is a low suspicion for a bile leak
and anatomic detail of the biliary tract is not necessary,
hepatobiliary scintigraphy is appropriate for excluding

(arrow). C Hepatobiliary scintigraphy scan performed 5 days
later shows a large photopenic defect (arrow) with D multiple
intrahepatic bilomas (arrows).

the presence of a bile leak. At our institution, our surgery
colleagues routinely obtain hepatobiliary scintigraphy in
these cases 3—4 days after traumatic liver injury. Con-
versely, if there is a high clinical suspicion for biliary
injury such as rising serum albumin levels, increasing
ascites, enlarging perihepatic fluid collections, or central
liver lacerations, MRCP with hepatobiliary contrast
material is obtained to provide both anatomic and
functional information that guides treatment. Clearly, a
multimodality approach is often warranted to care for
these complex patients.

Treatment

The traditional management of bile duct injuries was
hepaticojejunostomy, but surgery can be difficult to
perform if there are adhesions, inflammation, damaged
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Fig. 12. A 19-year-old man with a gunshot wound to the
right upper quadrant. A Axial CT shows a laceration travers-
ing the liver (arrow). B Coronal reformat shows the bullet tract

liver parenchyma, or if the patient is a poor surgical
candidate [81]. The literature has shown promising re-
sults with endoscopic management which suggest that
ERCP should be considered as first-line therapy for
traumatic bile leaks [81, 95]. The goal of endoscopic
treatment is to decrease the pressure gradient within the
biliary tract to allow for healing. Several studies have
demonstrated the efficacy of plastic stent placement;
however, there is debate as to whether concomitant
sphincterotomy is also necessary [79, 81, 86, 96, 97]. It is
unlikely that sphincterotomy alone would allow a major
leak to heal. Another consideration with sphincterotomy
is that it carries a short-term risk of pancreatitis and a
long-term risk of stricture, especially in young patients
[76]. The optimal duration of biliary stenting remains to
be elucidated, however, it varies from 3-16 weeks in
prior reports [77, 81]. The success rate of endoscopic
treatment of biliary injuries ranges from 90% to 100% in
patients with incomplete circumferential injury, regard-
less of whether it was due to iatrogenic or traumatic in-
jury [77, 86, 96, 97]. Importantly, the severity and site of

(arrow). C, D A hepatobiliary scintigraphy scan performed
5 days later shows a contained bile leak along the bare area
of the liver (arrows).

biliary injury does not preclude endotherapy as a man-
agement option for patients [81]. In the case of complete
circumferential transection of a bile duct, Roux-en-Y
hepaticojejunostomy is usually warranted.

Conclusions

Although biliary injuries are a relatively rare entity, they
have become more prevalent due to an overall increased
number of hepatobiliary surgeries and a trend toward
nonoperative management of patients with blunt hepatic
trauma. The clinical signs and symptoms of biliary injury
are nonspecific, thus imaging plays a critical role in their
detection and treatment triage. At CT or US, free or
contained peri-or intrahepatic low density fluid in the
setting of recent hepatobiliary surgery or trauma should
raise suspicion for biliary injury and not just assumed to
be the more commonly encountered postoperative or
posttraumatic collections, seromas, and hematomas.
Hepatobiliary scintigraphy and MRCP with hepatobil-
iary contrast agents can be used to detect active or
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Fig. 13. A 69-year-old man with abdominal pain 3 weeks
after laparoscopic cholecystectomy. A Axial and B sagittal CT
images show a fluid collection in the gallbladder fossa with a
small amount of air (arrows). Bile leak was suspected clini-
cally and MRCP was performed with gadobenate dimeglu-
mine. C Coronal T2 fat-suppressed images show a thickened
proximal duodenum (arrow). D Radial 2D MRCP images

contained bile leak. MRCP with hepatobiliary contrast
agents has the added advantage of revealing the exact
location of bile leak given its exquisite anatomic detail,
which in turn can affect the choice of treatment. ERCP
can play both a diagnostic and concomitant therapeutic
role in some cases; however, its success depends on the
location and extent of biliary disruption, which are better
evaluated on imaging. PTC and fluoroscopy via an in-
dwelling catheter placed endoscopically or surgically al-
low for PTBD placement, which can provide
decompression and/or diversion of bile leaks. Surgical
treatment of a bile duct injury with Roux-en-Y hepati-
cojejunostomy is warranted if definitive treatment cannot
be accomplished through percutaneous or endoscopic
means. The successful management of bile duct injury
depends on their prompt recognition, characterization of
the type and extent of injury, control of inflammation/
infection, and the availability of a hepatobiliary surgeon.

confirm a fluid collection in the gallbladder fossa (arrow), and
E 3D MRCP images show a defect in the duodenal wall di-
rectly communicating with the fluid collection (arrow). Duo-
denal perforations are extremely rare complications of
laparoscopic cholecystectomy, but should be suspected by
the presence of air 3 weeks postoperatively. Such injuries
require intervention and should not be mistaken for bile leak.
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