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Iatrogenic bile duct injuries (BDI) are commonly encountered after laparoscopic chole-
cystectomy. Timely recognition of these injuries is important as the outcome depends 
on the optimal management and there is significant impact on the patient’s quality of 
life. Therapeutic management is guided by the type and extent of the bile duct injury 
and availability of expertise, and includes involvement of endoscopic, surgical, and 
radiological approaches.
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Introduction
Bile duct injuries (BDIs) commonly occur after laparoscopic 
cholecystectomy and these are the cause of increase in post 
procedure morbidity with significant impact on the quality 
of life. Gastroenterologists are usually called in to manage 
such complications. Laparoscopic cholecystectomy, which has 
become a gold standard for gall stone disease over the years, 
is responsible for 80 to 85% of these injuries.1 BDIs are more 
frequent during laparoscopic cholecystectomy compared 
with an open procedure (0.3% open vs. 0.6% laparoscopic)2 
and are mostly recognized postoperatively as bile leak and 
biliary obstruction.3,4 Despite the improvement in the surgi-
cal techniques for the laparoscopic cholecystectomy and the 
institution of preventive methods, the overall incidence of bile 
duct injuries have remained unchanged. With increasing costs 
of medical care, complications like bile duct injuries not only 
significantly add to the cost of management along with men-
tal and physical stress on the patient, but are also one of the 
reasons for many medicolegal litigations. Early recognition of 
BDIs is important as timely management improves the postop-
erative outcome. The current review is to revisit the different 
classification systems to classify bile duct injuries and identi-
fying the preventive factors to decrease its incidence

Classification of Bile Duct Injuries
Several classifications of bile duct injuries have been pro-
posed over a period of time and these are based on different 
parameters like the site of injury relative to the biliary conflu-
ence, associated vascular injury, whether there is tangential 
or circumferential injury to the bile duct, and the mechanism 
of injury. These are as follows:

1.	 Bismuth–Corlette classification: This classification system 
is based on distance of site of injury from hepatic hilum, 
the level of injury, and the involvement of biliary bifurca-
tion and right sectoral duct. The main basis of this classifi-
cation is the length of proximal biliary stump which is the 
most important factor in determining the nature of biliary 
repair that can be done5 (►Fig. 1).

The advantages of this classification are as follows:

•• This classification provides essential information on the 
nature, risks, and prognosis after the repair.

•• There is an established correlation between the types of 
injury and the morbidity, mortality, success, and recur-
rence rates after repair and it also correlates with the 
cholangiographic appearances.
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The disadvantages of this classification are as follows:

•• This classification was introduced before the era of 
laparoscopic cholecystectomy; therefore, it is diffi-
cult to apply this classification system in laparoscopic 
cholecystectomy as most of the technical factors and 
mechanisms of BDI in laparoscopic interventions are 
completely different to open surgery.

•• This classification does not include the length of BDI 
and has not included associated vascular injuries.

2.	 Strasberg–Bismuth classification (1995): This classification 
system was proposed with modification of the Bismuth 
classification and it includes some of the injuries commonly 
encountered during laparoscopic cholecystectomy, such as 
bile leaks. Type E is an analogue of the Bismuth–Corlette 
classification. The major disadvantage of this classification 
is that it does not describe vascular involvement, and right 
and left partial injuries are not included in this classifica-
tion. Despite the fact that the latter are infrequent injuries, 
it is important for the surgeon to be aware of them to make 
a proper diagnosis and timely referral6 (►Fig. 2).

3.	 Lau/CUHK classification (2007): 
This system of classification was proposed to include vas-
cular injuries and complements the Bismuth classification. 
Advantages of this classification7-are-as-follows:

•• The degree of injury is in ascending order of severity.
•• The mechanisms of injury differ in each type.
•• Preventive measures can be instituted to prevent each 

type of injury.
•• The treatment differs according to the type of injury.

4.	 The Stewart–Way classification system: This classification 
system is based on the mechanism and anatomy of bile duct 
injuries and also includes concomitant vascular injuries.

I.	 CBD is mistaken for cystic duct/cystic duct incision 
for intraoperative cholangiogram extends to CBD.

II.	 Lateral injury to common hepatic duct.
III.	 Complete transaction of main bile duct, this is the 

most common injury and includes cystic duct–
common hepatic duct junction as well.

IV.	 Leak/transaction of right hepatic duct/posterolateral 
sectoral duct.

Timing of Recognition
Early recognition of bile duct injuries is very important. 
Intraoperative cholangiography leads to early recognition 
and immediate surgical repair with best outcomes,8 but not 
all surgeons perform IOC. If BDI is suspected during chole-
cystectomy and the surgeon lacks expertise in biliary repair, 
intra-abdominal drain should be placed and the patient 
should be transferred to a center with expertise in hepato-
biliary surgeries.

Postoperative recognition of BDIs immediately (within 
6 weeks) or later (> 6 weeks) depends on clinical presenta-
tion. Radiologic investigations in form of ultrasonography, 
computed tomography and/or magnetic resonance cholan-
giopancreatography (MRCP) should be done for the confir-
mation severity and to plan therapeutic strategies. MRCP 
with a gadolinium-based contrast agent is much more infor-
mative in bile leaks than plain MRCP.9

Fig. 1  Bismuth’s classification of bile duct injuries.

Types Criteria
1 Lower common hepatic duct stricture and length of common hepatic duct stump above the injury is more than 2.0 cm

2 Middle duct stricture and length of hepatic duct stump is usually less than 2.0 cm

3 Hilar or high stricture. There is no serviceable common hepatic duct, but confluence is preserved

4 High or hilar stricture but the difference from type 3 is that the confluence is involved, and there is no communication 
between right and left hepatic ducts

5 Combined common hepatic and aberrant right hepatic duct injury separating both from the distal biliary tract
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Clinical Presentation
Early recognition is crucial for the better postoperative out-
come. Mostly recognized post operatively as bile leak and 
biliary obstructions, bile leak may present as diffuse abdom-
inal pain, nausea, fever, bloating, and anorexia. Patients 
with stricture at the level of CBD present as classic Charcot’s 
triad of right hypochondrium pain, fever, and jaundice. The 
short- and long-term complications include intra-abdominal 
abscess, biliary stricture, recurrent cholangitis, and second-
ary biliary cirrhosis.3

Risk Factors
There are various risk factors which can be attributed to higher 
risk of BDI. These factors can be divided into patient-related fac-
tors, anatomical abnormalities and technical factors.

1.	 Patient factors10-the-various-patient-factors-are-as-follows

•• Obesity
•• Previous hepatobiliary or pancreatic surgery
•• Underlying liver disease

2.	 Anatomical factors: In a retrospective study by Pesce 
et al the main cause of BDI was misinterpretation of bil-
iary anatomy during laparoscopic cholecystectomy.11 
Anatomical variations such as short cystic duct, the pres-
ence of hepatocystic duct, cystic duct running parallel to 
the CBD, accessory cystic duct, and the presence of aber-
rant bile ducts increase the risk of biliary injuries.

The aberrant right hepatic duct anomaly is the com-
mon cause of biliary injury. The direction of traction of the 
gallbladder has been known to contribute to its misidenti-
fication and injury12 (►Fig. 3).

3.	 Technical factors: The various technical factors are as 
follows.

Fig. 2  Anatomical abnormalities of right hepatic duct.

Strasberg–Bismuth classification of bile duct injury

Types Criteria

A Cystic duct leaks or leaks from small ducts in the liver bed

B Occlusion of a part of the biliary tree, almost invariably the aberrant right hepatic ducts

C Transection without ligation of the aberrant right hepatic ducts

D Lateral injuries to major bile ducts

E Subdivided as per Bismuth’s classification types 1–5 as into E1–E5

Type Criteria
1 Leaks from cystic duct stump or small ducts in liver 

bed

2 Partial CBD/CHD wall injuries without (2A) or with
(2B) tissue loss

3 CBD/CHD transection without (3A) or with (3B) 
tissue loss

4 Right/left hepatic duct or sectorial duct injuries 
without
(4A) or with (4B) tissue loss

5 Bile duct injuries associated with vascular injuries

Abbreviations: CBD, common bile duct; CHD, common hepatic duct.
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•• Experience: The “learning curve” effect with high rate of 
injuries with inexperienced surgeons.13

•• Procedure: Open cholecystectomy is associated with 
less biliary injuries as compared with laparoscopic cho-
lecystectomy as seen in various studies.

•• Timing of surgery: Emergency cholecystectomy has a 
three times more likelihood of causing biliary injury 
than elective surgery.14

•• Failure to occlude the cystic duct securely.
•• Too deep dissection on the liver bed.
•• Thermal injuries.

Management of BDI
The aim of repair is to restore a durable bile conduit and to 
prevent short- and long-term complications. Strasberg clas-
sification is a helpful tool to decide the best intervention for 
each case according to etiological mechanism of the injury.

•• Strasberg A injury As injuries maintain continuity with 
the rest of the bile ducts, they are easily treated through 
endoscopic intervention. The objective is to decrease 
intraductal pressure distal to the bile duct leak.

•• Strasberg B injury Segmental bile duct occlusion is the 
etiological factor. Percutaneous drainage or surgical 
resections can be performed when cholangitis is not con-
trolled with medical treatment.

•• Strasberg C injury No continuity exists with the rest of the 
bile duct system. Subhepatic collections are frequent post-
operatively and must be drained to avoid biliary peritonitis 
and sepsis.

•• Strasberg D injury A partial injury of the common bile duct 
in its medial side characterizes this type. For small injury 
with no devascularization, monofilament suture is ade-
quate. If there is devascularized duct, a multidisciplinary 
approach is the best option with endoscopy and radiologi-
cal guided drainage as the first therapeutic option, and sur-
gical intervention if needed.

•• Strasberg E injury This injury is a complete loss 
of common and/or hepatic bile duct continuity. 
Devascularization and loss of bile duct tissue obliges 
the surgeon to perform a high-quality hepatojejunal 
anastomosis, choledochocholedochal or hepaticoduo-
denal anastomosis, or even more complicated surgeries, 
if required.

Preventive Measures for Iatrogenic BDI
The preventive measures for iatrogenic BDI are as follows:

•• Recognition of biliary and vascular anatomy as cystic duct 
and artery require division during cholecystectomy, and 
the aim of dissection is to identify these structures.

•• In laparoscopic surgery, techniques used are intraopera-
tive cholangiography, the infundibular technique, and the 
critical view technique.

•• Hunter and Troidl15,16 proposed several techniques to pre-
vent injury: a 30°telescope, avoidance of diathermy close 
to the common hepatic duct, avoiding dissection close to 
the gallbladder–cystic duct junction, avoidance of unnec-
essary dissection close to the cystic duct–common hepatic 
duct junction, and conversion to an open approach when 
uncertain.

•• Sarietal et al17 proposed injecting methylene blue in the 
gallbladder after aspirating bile with a Veress needle 
before starting dissection.

•• Avoiding too much traction on gallbladder.
•• Avoiding blind use of diathermy and clip.

Conclusion
BDIs commonly occur during laparoscopic cholecystectomy. 
Despite the improvement in the surgical techniques, the over-
all incidence of BDIs has remained unchanged. Postoperative 
early recognition is helpful for the best intervention according 

Fig. 3  Strasberg -Bismuth classification. 
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to etiological mechanism of injury. Preventive measures also 
play a major role in the form of recognition of biliary and vas-
cular anatomy.
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