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Abstract: The aim of this article is to describe the pathophysiology, diagnosis, classification, and management of BDI based
on the relevant available literature, in particular the recent recommendations from the European Society of Gastrointestinal
Endoscopy (ESGE). It is a known fact that bile duct injuries (BDI) are associated with a high morbidity and mortality, posing
impaired quality of life along with substantial financial burdens to patients and the society in general. Depending on the type of
duct injury, successful management is based upon the time of recognition of injury, patient condition, presence of
complications and availability of professional expertise (radiologists, endoscopists and hepato-biliary surgeons). Appropriate
management may include endoscopic, per-cutaneous and surgical interventions with imaging playing a significant role in
initial diagnosis, assessment and treatment of such injuries.
Keywords: Injury, Leak, Bile Duct, Cholecystectomy, Drainage, Endoscopic Management, Stent

1. Introduction
Bile duct injury (BDI) may lead to serious life threatening
complications such as bile leakage, bilioma formation, intraabdominal abscess or collection, cholangitis and biliary
cirrhosis secondary to chronic strictures, and are notoriously
associated with high morbidity and mortality with impaired
quality of life, causing substantial financial burdens to
patients and the society in general.
It can commonly occur in two situations i.e. iatrogenic
(hepato-biliary surgery) and in trauma (rarely), both needing
specific diagnostic and therapeutic management plans
achieved with a multidisciplinary team (MDT) approach. [1]
Though, successful outcomes of BDI commonly depend
on factors such as timely recognition of injury, patient
condition, presence of complications and availability of
professional experts i.e. radiologists, endoscopists and
hepato-biliary surgeons, appropriate actual treatment options
for such injuries are complex decisions and depends on the
type and site of the duct injury identified, and may include
endoscopic, per-cutaneous and surgical interventions with
imaging playing a significant and important role in its initial
diagnosis, assessment and treatment of such injuries. [2]

Therefore, the aim of this article is to describe the
pathophysiology, diagnosis, classification, and management
of BDI based on the available literature, in particular the
recent recommendations of the European Society of
Gastrointestinal Endoscopy (ESGE).[3]

2. Pathophysiology Hepato-Biliary
Surgery (Cholecystectomy)
Epidemiology
Today, laparoscopic cholecystectomy (LC) has become the
gold standard for symptomatic gallstones. However, it is
associated with a higher incidence of BDI when compared to
an open cholecystectomy (OC). Although very rare, it has
been reported by various authors that the incidence of
iatrogenic BDI has risen from 0.1% to 0.2% in the era of OC
to 0.4% to 0.7% in the era of LC.[4][5]
In addition to the above, a more recent study has also
shown that a single trocar LC may increase BDI
considerably to 0.72%.[6] However, the incidence of BDI
has been shown to decrease with experience in laparoscopic
surgery, mainly due to increased knowledge of local
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anatomical details.[7][8]
Never the less, risk factors for iatrogenic BDI depend on
the conditions of surgery undertaken, intense inflammation is
an independent risk factor and some surgeons recommending
conversion to OC when encountered with a difficult
situation.[9][10]
Other risk factors reported in the literature include
incorrect interpretation of atypical anatomy (accounting for
66% to 97% of BDI causes). 11
The risk is even higher in a thin patient with a narrow
main bile duct, which can be misrecognized as the cystic
duct. However, many authors report that the most frequent
type of injury encountered by the operating surgeon is the
intra- or post- operative loss of substance of the cystic duct
or the common bile duct (CBD). Furthermore, in 70% to
80% cases the surgeon operating is unaware of having
incurred the injury.[11][12],
Delayed leaks are commonly due to thermal or vascular
injury during dissection, 13 and, rarely, retained stones in the
bile duct can result in suture breakdown by obstructing bile
flow. This emphasizes the importance of identifying CBD
stones before or during surgery by echo-endoscopy, MRCP
or intra-operative cholangiogram.[13]
It is also Important to maintain good visibility within the
surgical field as adhesions and insufficient knowledge of
anatomical relationships increase the risk of BDI; other risk
factors include haste and failure to consider the possibility of
atypical routes of vessels and bile ducts (Luschka’s ducts)
which have a prevalence of approximately 0.5%. If
unrecognized during surgery, this has been reported as the
second commonest cause of post-operative bile leaks. [14]

3. Liver Transplantation
Biliary complications are seen in 5% to 30% of cases
following liver transplant surgery; common being
anastomotic strictures (42% of the cases), followed by BDI
(representing 27% of these complications).[15]
While BDI usually presents early and has been reported to
correlate with whether the biliary anastomosis was a Rouxen-Y hepatico-jejunostomy or a hepatico-hepaticostomy.15,
[16]
Strictures on the other hand are chronic complications and
develop over a period of 3 months following liver
transplantation. In addition to the previous, Riediger et al[17]
in their systematic review and meta-analysis have concluded
that anastomotic stenting has not been shown to prevent
anastomotic strictures. Moreover, stent removal may itself
result in bile leakage, therefore insertion of a T-tube is not
recommended routinely.

4. Trauma
It is a rare cause of BDI reportedly identified in
approximately 0.1% of the patients with multiple traumas.
[18] It commonly presents at three different levels i.e. at the
origin of the left branch of the bile duct, the hilum and the

point where the bile duct penetrates into the duodenopancreatic block.
Different mechanisms for such pattern of injury have been
suggested. The most common being compression of the bile
duct against the vertebral column, resulting in avulsion of the
main bile duct between the extra- and fixed intra-pancreatic
portions.[19][20]

5. Diagnosis Iatrogenic Bile Duct Injury
Intraoperative
It has been estimated that 25% to 32% of bile duct injuries
are identified intra-operatively during laparoscopic
cholecystectomies, and may be repaired without delay if a
surgeon with experience in bile duct repair is available.[21]
Unfortunately, most injuries are not recognized at the
index surgery hence patients may present days, weeks,
months or even years later. In many circumstances when
there is suspicion of a bile leak an intra-operative
cholangiogram can help in the diagnosis.[22] However, the
value of intra-operative cholangiograms in the diagnosis of
intra-operative BDI is widely debated amongst hepato-biliary
specialists. There is no consensus on the value of intraoperative cholangiography to detect or prevent BDI.39
While few are of the view that intra-operative
cholangiography can have false positive results (in 1-3% of
cases)[23] that can result in unnecessary exploration of
biliary tract. It can also create a risk of tear at the confluence
of the cystic duct and CBD, thus increasing the overall costs
of the procedure. Where as, others are in favour of its routine
use because of the medico-economic and medico-legal value
of cholangiography, as well as the advantage of early
treatment of BDI. [24][25]

6. Post-Operative
It is important to note that in the past, it was recommended
to place drains in the gallbladder bed for the early detection
of postoperative bile leaks. However, intra-abdominal drains
are no longer recommended routinely as they increase length
of hospital stay and are a high risk for infection.[26][27]
BDI’s that are not identified during the intraoperative
period may present days, weeks, months or even years later.
Patients may present with signs and symptoms associated
with bile leakage, bile duct transection or ligation, such as
biliary peritonitis, cholangitis, and jaundice. However, the
greater frequency of nonspecific initial symptoms such as
abdominal pain, malaise, nausea and anorexia may account
for the common delays in the early diagnosis. Later
presentation may include recurrent cholangitis and secondary
biliary cirrhosis due to stricture formation.[28] [29][30]
The role of liver function tests (LTFs) in the early
diagnosis of BDI is also debatable. While occasionally these
tests may be within the normal range, most patients with
biliary strictures or complete occlusion have elevated
bilirubin levels. In the case of bile leak, bilirubin levels may
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be normal or only mildly elevated due to absorption of bile
from the peritoneal cavity.[31]
Nevertheless, it is important that patients who have
undergone hepato-biliary surgery and have failed to recover as
expected undergo evaluation for the possibility of BDI with
the above mentioned signs raising alarms for urgent imaging
in order to identify the presence of bile within the abdomen.39
In the early post-operative phase, ultrasonography (USS)
and computed tomography (CT) scan play an important role
in the initial assessment of the situation, revealing intraabdominal collections and ductal dilatation (biliary tree may
not be dilated if there is bile leakage). Other imaging such as
hepato-biliary scintigraphy does confirm a leak but
unfortunately lacks the anatomical detail to identify the
specific leak site. In such situations, cholangiograms could
be of paramount importance to visualize the exact location
and extent of injury.33
MRCP is a non-invasive diagnostic investigation that
provides an excellent delineation of the biliary anatomy.
However, it can miss minor bile leakages. ERCP has the
added advantage of not only being able to identify the biliary
anatomy and at the same time evaluate the injury, but also
used therapeutically (if indicated) to bypass a leak or
stricture by placement of stents.33
In order to define the anatomy of the biliary tree proximal
to the injury, PTC has been found to be more useful (notably
in those patients with complete ductal ligation or transection).
In addition, PTC can be followed by placement of a
percutaneous trans-hepatic biliary catheter, which is useful in
decompressing the proximal biliary system in biliary
obstruction, or to control bile leaks. PTC and drainage also
allow decompression of the biliary tree in the early
postoperative period after definitive repair of the bile duct
injury, as well as providing access for postoperative
cholangiography. [32]

7. Diagnosis in Trauma
In trauma cases, the diagnostic modalities depend on
various factors i.e. how stable the patient is at onset of
management and other vital organs injured requiring urgent
management. Hence the diagnosis can classically be made at
three different points; immediately at emergency laparotomy
(performed for other intra-abdominal injuries) in an unstable
patient, early in the stable patient presenting with nonspecific symptoms, or late after the initial trauma as a result
of complications.[33]
Non-specific symptoms after initial trauma such as nausea,
vomiting, abdominal discomfort and low-grade pyrexia are
all indications for repeat imaging (USS or CT scan) to look
for intra-abdominal fluid or bile duct dilatation. In case of a
suspected BDI, MRCP is recommended to be the most
accurate investigation before therapy (whether endoscopic or
surgical) is undertaken to fully define complex or multi focal
injuries. Late diagnosis usually leads to very complex, and
often fatal situations. Therefore it is important that BDI is
diagnosed as early as possible.[34]
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8. Classifications of Bile Duct injuries
The first classification of BDI was described by Bismuth
(Fig-1). This was before the era of LC. It was meant to be a
guide for surgical repair and has been fairly well correlated
with outcomes after treatment. [35]
Since then, many classifications of BDI have been
proposed. Important to note is that of McMahon et al,[36]
which identifies minor injuries (requiring a simple repair or
insertion of a T-tube) and major injuries (possibly requiring
surgical repair such as hepatico-jejunostomy). However, the
most widely used classification today is that of Strasberg et
al [37] (Fig 2). This is basically a simplification of the
Bismuth classification with inclusion of injury induced by
LC.
In conclusion, these classifications have limited value
when it comes to clinical practice, mainly because the
important factor intervening in therapy is the existence of a
complete circumferential trans-section (needing surgical
alternatives) or incomplete trans-section (needing endoscopic
alternatives) of the main bile duct.36
Fig 1. Bismuth Classification System for Bile Duct
Injuries
Type-1

Type-2

Type-3

Type-4

Type-5

Type Description
Injury or stricture more than 2 cm from the biliary
confluence amenable to repair without opening the left
duct and without lowering the hilar plate
Injury or stricture, less than 2 cm from the biliary
confluence, requiring opening the left duct. Lowering
the hilar plate is not always necessary but may improve
the exposure
Injury of the injury confluence but leaving the top of the
biliary confluence intact, requiring lowering the hilar
plate and anastomosis on the left ductal system. There is
no need to open the right duct if the communication
between the ducts is wide
Injury of the biliary confluence including the top
requiring either reconstruction or two or more
anastomosis
Injury of the either the right or left hepatic duct
associated or not with an injury of the main bile duct.
The segmental branch must be included in the repair
Fig 2. Strasberg et al.’s classification of bile duct injury

Type A
Type B
Type C
Type D

Bile leak from a minor duct still in continuity with the
common bile duct
Occlusion of part of biliary tree
Bile leak from duct not in communication with common bile
duct
Lateral injury to extra hepatic bile ducts

9. Management of BDI Based on the
Recommendations of the European
Society of Gastrointestinal Endoscopy
(ESGE) and Literature
The initial management of BDI injury is dependent on the
characterization of the biliary tree and the context within
which the BDI is discovered. When the injury is detected
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intra-operatively, characterization of the bile ducts can be
obtained through intra-operative cholangiography. However,
when the injury is recognized post-operatively, MRCP with
3-D reconstruction is recommended as it not only provides
accurate mapping but also detects associated stones.[38]
Characterization helps guide the best therapeutic plan i.e.
endoscopic or surgical repair.
According to the recommendations made by the ESGE
(2012),[39] endoscopic treatment is effective in more than
90% of patients who present with incomplete
circumferential injury (iatrogenic or trauma) of the bile
duct. The main purpose of such treatment is to reduce the
pressure gradient of bile flow in the bile duct, lowering the
pressure gradient between the bile duct and at the level of
the sphincter of Oddi. This increases bile flow into the
duodenum hence enhances the healing process. This can be
achieved with various options i.e. either by sphincterotomy
alone, or with the insertion of a plastic stent, or a nasobiliary drain. The latter two strategies generally need
repeated interventions.
Literature has shown that that sphincterotomy with
eventual stone extraction and insertion of a plastic stent
allows bile duct healing in more than 90% of the cases. In
addition to the above, plastic stents in particular improve
healing when compared to sphincterotomy alone. On the
contrary, no difference has been found between stent
placements with sphincterotomy versus stent without
sphincterotomy. Moreover, sphincterotomy with stent
placement carries a short-term risk of pancreatitis and longterm risk of stricture formation (especially in young patients)
thus confirming avoidance of sphincterotomy for this
indication. [40]
There may be a case where sphincterotomy alone is
performed to allow temporary drainage. Literature has shown
that if stents are used for temporary drainage, biliary
abnormalities such as stones, sludge or residual leak may
become evident upon stent removal. Sandha et al42 proposed
a therapeutic algorithm in which it recommends
sphincterotomy alone in case of minimal leaks (< 200 mL/24
h). However, in severe leaks, strictures, contraindications to
sphincterotomy or poor post-sphincterotomy drainage, it
recommends insertion of a plastic stent for 4 to 6 weeks.[41]
This approach has claimed to provide satisfactory results
in more than 90% of the cases out of a series of 207 patients.
In support to the above, two prospective studies with a total
of 56 patients has also shown that in the absence of
associated strictures, sphincterotomy alone improves the leak
in more than 90% of the cases (within an average delay of 11
days).[42][43] A randomized controlled study has shown that
insertion of a plastic stent enhanced healing significantly
when compare to sphincterotomy alone.[44]
A large retrospective study has reported bile duct
anomalies (sludge, stones or bile leaks) in 25% of cases at
the time of stent removal. As a result, the ESGE recommends
passage of a balloon catheter at the time of stent removal
(when this strategy is chosen) in order to obtain an accurate
cholangiogram.[45]

In case of biloma formation as a result of bile leak,
combined endoscopic stent placement with radiological
percutaneous drainage of the bile collection is deemed
necessary. However, in a case of complete trans-section of
the bile duct (identified either intra-operatively or early postoperatively) due to biloma formation, treatment is most often
surgical (hepatico-jejunostomy).[46]
In conclusion, the ESGE recommends that all the
advantages and disadvantages of each strategy need to be
discussed with the patient, explaining that several procedures
under general anesthesia may be necessary when stent
insertion is chosen.
In all cases, a precise and meticulous workup of the bile
leak must be made during the initial ERCP in order to
characterize the leak and look for associated anomalies
(stones, stricture), which may influence the therapeutic
strategy. In their absence, the ESGE recommends insertion of
a 7F plastic stent without initial sphincterotomy with
removal between 4 to 8 weeks. Sphincterotomy alone can be
envisioned if a new operation needs to be avoided (elderly
patient with multiple co-morbidities). At the time of stent
removal, new cholangiograms should be obtained to ensure
that all debris has been removed. This cholangiography is
best performed with a balloon catheter occluding the lower
portion of the bile duct to ensure a high quality-mapping
images.39

10. In Conclusion
Iatrogenic (mainly during laparoscopic cholecystectomy)
is the most frequent cause of BDI. These are complex
situations requiring a multi-disciplinary-radio-medicosurgical collaboration to achieve better management outcome.
BDI can be recognized either intra- or post-operatively, this
influences the type of diagnostic strategy and therapeutic
management needed to deal with such a complication.
Depending on the situation characterization of the biliary tree
is a must and should be obtained by intra-operative
cholangiogram or MRCP to help plan ideal therapeutic
management plan. Endoscopy is recommended in the
absence of complete trans-section of the main bile duct with
insertion of a stent for 4 to 8 weeks as the first-line therapy;
it is effective in more than 90% of patients. Sphincterotomy
is not recommended as it increases early and late morbidity
by 15%.
There are no recommendations in case of stent failure after
4 to 8 weeks, and the choice between a repeat, longer
endoscopic stent or surgery is not well defined. In case of
complete circumferential trans-section of the main bile duct,
hepatico-jejunostomy is essential for optimal healing.
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