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Abstract 

Background  Laparoscopic cholecystectomy has become a gold standard treatment for symptomatic cholelithiasis 
and other related diseases done in most centers worldwide. It is associated with an increase in frequency of iatrogenic 
biliary injury with an incidence of 0.3–0.7%, resulting in a significant impact on quality of life, overall survival, and 
frequently medico-legal obligations. Early recognition of bile duct injury (BDI) is of supreme importance towards early 
treatment and good outcome. With an experienced hepatobiliary surgeon, hepaticojejunostomy by left hepatic duct 
approach is often challenging and considered impossible due to scarring and fibrosis but has a noble outcome for 
proximal common hepatic duct injury.

Cases presentation  We described two cases from northern Tanzania who had iatrogenic proximal bile duct injury 
following laparoscopic cholecystectomy. Hepaticojejunostomy by left hepatic duct was the approach used after 
difficult dissection at porta hepatis and partly the liver tissue to attain a significant length of the left hepatic duct 
for anastomosis done at least 3 months post-bile duct injury. No postoperative complication was observed, which 
includes biliary fistula, restenosis, peritonitis, and cholangitis. To date, no evidence of biliary stenosis or other biliary 
complication happened during follow-up for 1 year.

Conclusion  Early recognition of BDI is of supreme importance towards early treatment and good outcome. With an 
experienced hepatobiliary surgeon, hepaticojejunostomy by left hepatic duct approach has an honorable outcome 
for proximal bile duct injury.
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Background
LC has become a gold standard treatment for symp-
tomatic cholelithiasis in most centers. Bile duct injury 
(BDI) is the most iatrogenic complication frequently 
encountered with an incidence of 0.3–0.7%, resulting in 
a significant impact on quality of life, overall survival, 
and frequent medico-legal obligations [1]. Up to about 
71–97% of all cases of BDI, difficulty in identifying the 
biliary anatomy has been reported to be the primary 
cause of biliary duct injury; hence, a clear definition of 
biliary anatomy could prevent these injuries at large.
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In 1995, Strasberg introduced the CVS technique 
which is considered to be the gold standard to perform 
a safe cholecystectomy with the identification of bil-
iary structures during dissection [2]. Three criteria are 
required to accomplish the CVS; first, the hepatocystic 
triangle must be cleared of adipose and fibrotic tissue; 
second, the lower third of the gallbladder must be sepa-
rated from the liver bed to expose the cystic plate; and 
third, only two structures should be seen entering the 
gallbladder. CVS was conceived not as a way to do LC but 
as a way to avoid biliary injury.

The optimal treatment of BDI is influenced by the tim-
ing of recognition of the injury, the extent of BDI, the 
patient’s clinical condition, and the availability of expe-
rienced hepatobiliary surgeons. Early recognition of BDI 
is of supreme importance towards early treatment and 
good outcome.

Classification of bile duct injury
Bismuth and Strasberg classifications are mostly used 
ways of classifying biliary injury according to the level 
of biliary injury; it includes biliary injuries seen more 
commonly in the laparoscopic era, in particular biliary 
leaks [3]. These classifications have been summarized in 
Table 1.

Risk factors
Generally, any surgical procedure involving the gall-
bladder, common bile duct (CBD), or even surrounding 
organs can lead to a bile duct injury or stricture. There 
are various risk factors which can be attributed to a 
higher risk of BDI which can be divided into anatomical 
factors, patient-related factors, human factors, factors 
related to gallbladder disease, the surgical technique, and 
timing of surgery.

Anatomical factors include misinterpretation of bil-
iary anatomy during LC and the anatomical variations 

of the biliary tract such as short cystic duct, the presence 
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 RHD anomaly is the common cause of biliary 
injury. The direction of traction of the gallbladder has 
been known to contribute to its misidentification and 
injury [4]. Among the patient-related factors are severe 
obesity, previous surgery on the biliary tract or pancreas, 
and underlying liver disease. Acute cholecystitis causes a 
series of modifications of the local anatomy (adhesions, 
thickening of the tissues, inflammation, bleeding) that are 
associated with an increased risk of iatrogenic lesion [5]. 
The human factors also play a vital role in the pathophys-
iology of the iatrogenic bile lesion: the excessive safety of 
the surgeon, the rush to finish the intervention, being a 
teaching hospital, the fatigue and personal concerns of 
the surgeon, the performance anxiety, the superficiality of 
the surgical act, and the lack of humility in converting to 
open surgery in doubtful cases may determine a relevant 
damage to the biliary tree [4]. Others include the type of 
procedure; open cholecystectomy is associated with less 
biliary injuries as compared with LC as seen in various 
studies and timing of surgery whereas emergency chol-
ecystectomy has a three times more likelihood of causing 
biliary injury than elective surgery [6].

Timing for recognition, clinical presentation, 
and evaluation of BDI
A delay in diagnosis is crucial for the postoperative out-
come. Only about less than 30% of BDI are recognized 
intraoperative especially by a few surgeons who per-
form on-table cholangiography due to convenience or 
commonly due to lack of the service [7]. BDI are well 
managed by experienced hepatobiliary surgeons in high-
volume centers; otherwise, it is recommended that once 
diagnosed intraoperatively, intra-abdominal drain should 

Table 1  Bismuth-Strasberg classification

Bile duct injury Bismuth Strasberg

Cystic duct leak or leaks from a small duct in the liver bed A

Partial occlusion of the biliary tree most frequently of an aberrant RHD B

Bile leak from duct (an aberrant RHD) that is not communicating with CBD C

Lateral injury of the biliary system without loss of continuity D

Circumferential injury of the biliary tree with loss of continuity E

CHD stricture, stump > 2 cm Type I E1

CHD stricture, stump < 2 cm Type II E2

Hilar stricture with preserved biliary confluence Type III E3

Hilar stricture with involvement of confluence Type IV E4

Stricture to aberrant RHD and to CHD Type V E5
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be placed and patient referred to high hepatobiliary 
center [8].

Diagnosis often occurs in the immediate postopera-
tive period (within 6 weeks post-intervention) or in some 
cases, later (over 6 weeks). The presence of persistent or 
abdominal pain in the right hypochondrium, the leakage 
of bile from drainage (if placed during surgery), features 
of biliary peritonitis, and the appearance of fever and 
jaundice with increased liver function tests are all ele-
ments supporting a diagnosis of any iatrogenic BDI.

Various radiological investigation can be done to evalu-
ate the scope of BDI so as to plan for the therapeutic 
intervention. Abdominal ultrasound as the first tool can 
be done to show any collection, biliary dilatation, asso-
ciated vascular, and surrounding organ injury [9]. The 
abdominal CT scan has added advantage of high accu-
racy and objective way of defining the focal intra- or 
peri-hepatic fluid collections, ascites, biliary obstruc-
tion, secondary biliary cirrhosis, and associated vascular 
and nearby organ injury. Contrasted magnetic resonance 
cholangiopancreatography (MRCP) is the “gold standard” 
for the complete morphological evaluation of the biliary 
tree as it gives detailed information about the integrity 
of the biliary tract [10]. The use of contrast agent during 
MRCP permits detection of bile leakage by direct visuali-
zation of contrast material into fluid collections in addi-
tion to indicating the anatomical site of the leakage and 
the type of BDI.

Generally, if fluid collection is found in one of the 
imaging studies, an abdominal drain should be placed 
right away under radiological guidance in order to 
improve patient’s clinical condition (peritonitis, sep-
sis, tissue repairing) while optimizing the patient for 
definitive surgery about 2–3  months post-injury [8]. 
Due to increased morbidity and mortality associated 
with explorative laparotomy, laparoscopy can be done 
postoperatively period for diagnostic or additional inter-
vention to identify other biliary injuries, drainage of any 
intra-abdominal collection, and exclusion of injury to 
other surrounding organs, which can lead to the deci-
sion between conservative management and early or late 
definitive surgical repair [11].

The ERCP examination has an important diagnostic 
and therapeutic role in cases where a conservative thera-
peutic approach is preferred based on the type and extent 
of the biliary lesion cystic duct leaks.

Therapeutic management
Management of BDI based on Bismuth-Strasberg classifi-
cation which is a helpful tool to decide the best interven-
tion for each case according to etiological mechanism of 
the injury [12].

The timing of the operation is an extremely impor-
tant factor in the repair of the lesion because of chal-
lenges during surgery which are contributed by the 
size and caliber of the bile duct and from local inflam-
matory and sclerotic; hence, early identification of 
the lesion plays a significant part. In case of partial or 
complete transection of the CBD, it is possible to per-
form a tension-free direct end-to-end suture if the dis-
tal choledochus and preferable to protect the suture 
by inserting a Kehr T-tube or internal Y-drainage [13]. 
When primary repair is not possible or in cases of 
severe biliary strictures, a biliodigestive anastomosis 
is recommended, a Roux-en-Y hepaticojejunostomy 
in most cases, as demonstrated. If a hepaticojejunos-
tomy cannot be performed due to the presence of 
dense adhesions with infected and friable tissues, a 
combination of endoscopic biliary stenting and pedi-
cle omental patch repair of the bile duct to control bile 
leak and sepsis as a bridging procedure to definitive 
hepaticojejunostomy [14].

In case of strictures involving the bifurcation or 
left or RHD, unilateral or bilateral hepaticojejunosto-
mies may be necessary [15]. Endoscopic dilatation fol-
lowed by placement of stents is an accepted alternative, 
with both techniques resulting in similar clinical suc-
cess: surgery vs endoscopy. They have a similar stric-
ture recurrence rate of 17% [16] and excellent or good 
long-term outcomes; 77.3% (17 of 22) of patients were 
treated surgically and 80% (16 of 20) patients treated 
endoscopically [17].

ERCP is the first-line management option for most 
patients with biliary stricture as it is safe, effective, 
repeatable, and less invasive than other treatment 
options, such as percutaneous or surgical modalities 
[18] but associated with adverse events in 3.4–6.5% of 
procedures, including pancreatitis (2.2%), perforation 
(0.8%), and major bleeding (0.4%) [19].

Liver resection is very rarely indicated in cases of 
extensive hepatic necrosis. In a small subset of patients 
with iatrogenic BDIs, failure of surgical or non-surgical 
management might lead to acute or chronic liver failure 
necessitating liver transplantation [20].

Preventive measures for iatrogenic BDI
SAGES has created a six-step Safe Cholecystectomy 
[21]. The principles include the following:

•	 Achieving the critical view of safety
•	 Recognizing aberrant anatomy
•	 Performing an intra-operative time-out before clip-

ping or cutting ductal structures
•	 Liberal use of intraoperative cholangiogram
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•	 Devising bail-out options
•	 Asking for help in difficult cases

Case presentation
Case A
A 40-year female from northern Tanzania was presented 
to our facility with 2-month history of abdominal pain 
and had a percutaneous abdominal drain catheter for 
1 month following relaparotomy.

She had a history of LC for symptomatic cholelithiasis 
1  month prior. On the second day post-LC, she devel-
oped features of peritonitis that required exploration 
in OR. At laparotomy, she was found to have serosan-
guinous fluid of about 1500 cc, and no obvious bile leak 
was noted. Abdominal lavage was done and drain tube 
was put in place. Four days post laparotomy, the abdomi-
nal drain had bilious effluent, and she underwent second 
laparotomy which was found to have 3 areas of bile leak 
first at RHD just proximal to the confluence, second fur-
ther proximal to the first, and third at the proximal CHD 
just near the confluence. Primary repair was attempted 
unsuccessfully as it was technically difficult to access 
the almost intrahepatic bile ducts. 24Fr Foley catheter 
was placed at the point of leak, then exteriorized out for 
drainage. She fairly recovered with about 700 cc bile out-
put per 24 h until the referral to our center.

At MNH, she was reviewed by IR team, abdominal 
MRCP was performed, it revealing diffuse intrahe-
patic bile duct dilatation, dilated CHD with a stricture 

at 1.39  cm distal to the confluence, corresponding to 
Bismuth 2 (Fig.  1). PTBD was performed. She had an 
uneventful recover, and the abdominal drain (Foley cath-
eter) was removed at 14th day post-PTBD. She stayed 
with PTBD tube for about 2 months with bile output of 
1000 cc per day (on average) before being referred to our 
department.

At 3 months post-BDI, the patient underwent explora-
tive laparotomy and she was found to have extensive 
adhesions at the hilar plate, with clinically stenotic con-
fluence (Bismuth type 3). Technically difficult dissec-
tion was performed to mobilize the LHD to about 2-cm 
length proximally from the confluence and end-to-side 
Roux-en-Y tension-free left hepaticojejunostomy was 
performed using 3–0 PDS sutures. PTBD tube was left 
in  situ. Total operative time was about 6  h. Intraopera-
tive blood loss was estimated to be 300 cc; there was no 
blood transfusion intraoperatively. She had an unevent-
ful recovery, and on day 21 PTBD, tube was removed. It 
is now 1 year post-hepaticojejunostomy, she is attending 
our OPD clinic for follow-up, and there is no evidence of 
biliary stenosis or biliary complication happened.

Case B
A 46-year female from Northern Tanzania was referred 
to our facility with 2-month history of yellowish colora-
tion of eyes, generalized body itching, and passage of pale 
stool which developed 7 weeks post-LC for cholelithiasis.

At MNH in the IR unit, MRCP was done and revealed 
a massive dilated bilateral intrahepatic bile duct with a 
stricture at the confluence corresponding to Bismuth 
type 3 (Fig. 2). PTBD was performed, and the patient had 

Fig. 1  Bilateral intrahepatic bile duct dilatation, dilated CHD with 
1.39-cm length from the confluence and abrupt cut-off end. Drain 
tube seen in RHD

Fig. 2  Massive dilated bilateral intrahepatic bile duct with abrupt cut 
off at the confluence. CBD and Pancreatic ducts noted with normal 
size
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significant improvement for 2  months, bile duct drain 
internalization was attempted twice, but it was unsuc-
cessful. Patients had recurrent cholangitis and peristomal 
bile leak.

At 6  months post-LC, the patient was optimized for 
explorative laparotomy. Intraoperatively, she was found 
to have extensive adhesions, fibrotic CHD, dilated con-
fluence, and proximal bile ducts (Bismuth 3). Dissec-
tion at the hilar plate, mobilization of the confluence, 
and more the LHD to about 1.5-cm length proximally 
from the confluence with dissection partly of liver tis-
sue (Fig. 3).

Side to side Roux-en-Y left hepaticojejunostomy ten-
sion-free anastomosis was performed using interrupted 
3–0 PDS sutures. Total operative time was about 5  h. 
Blood loss during the operation was about 350 cc and 
one unit of whole blood was transfused intraopera-
tively. No postoperative complication was observed and 
she was discharged on the 13th postoperative day. No 
evidence of biliary stenosis or other biliary complica-
tions happened during 1 year of follow-up.

Preoperative preparation
Prior to the procedure, complete blood count, liver 
function tests, renal function test, and electrolytes and 
cardiopulmonary functional assessment were done, and 
all were found to be normal. Patients were reviewed by 
anesthesiologist and were cleared for general anesthesia 
with ASA II, ECOG 1. Informed consent was obtained 
and the patients were ready for the operation. Patients 

had overnight fasting and antibiotics were administered 
within 40 min prior to the incision.

Discussion
In the past 10  years, LC has been introduced in vari-
ous centers in Tanzania, including MNH as a custom-
ary treatment for symptomatic cholelithiasis and other 
related gall bladder disease. There is no published data 
which shows complications related to this procedure, 
but observation shows there is a rise in the pattern and 
frequency of biliary injury related to the procedure as 
compared to the previous open cholecystectomy reflect-
ing various centers worldwide [1]. At this level where 
most surgeons are at early levels of learning curve, vio-
lation of SAGES principles for prevention of iatrogenic 
BDI particularly failure in identification and interpreta-
tion of structure at surgery, i.e., attaining CVS, has been a 
mutual occurrence among surgeons [22].

In previous studies, intraoperative cholangiography has 
been recommended in the course of LC especially in the 
setting of inexperienced surgeons. It is valued in detect-
ing bile duct stones and delineating the anatomy of the 
biliary ducts, facilitating dissection, avoiding injuries 
to the biliary tract, and identifying other abnormalities, 
such as fistulas, cysts, and tumors of the biliary system 
[23]. This test is not in place in almost all centers in Tan-
zania; otherwise, it is the surgeon preference to do it 
or not. In case A, at first laparotomy biliary injury was 
missed which is a common phenomenon, same as at LC 
[7]. On-table cholangiography could help early detection 
of biliary injury. We feel that cholangiography should be 
endeavored on all patients undergoing LC especially at 
the hand of inexperienced surgeon [24].

In case B who had PTBD, bile duct drain internaliza-
tion was attempted twice but it failed due to stenotic 
stricture at the confluence. At the time, surgery was the 
main option for the bile draining considering her age, 
performance status and associated complication rates, 
discomfort due to longstanding indwelling catheters, 
and high-stricture recurrence rates [25]. Only it has 
been recommended this surgery should be managed by 
experienced hepatobiliary surgeon in high volume cent-
ers; otherwise, once diagnosed, intra-abdominal drain 
or percutaneous drain should be placed as a temporary 
measure and patient referred to a high center with hepa-
tobiliary surgeon [8].

Early postoperative biliary injury recognition (typi-
cally within 24 to 48 h) in a stable patient without signs 
of sepsis may be repaired immediately. Primary biliary 
repair attempt was done in case A, at day two unsuc-
cessful. In general, intraoperative recognition should 
typically prompt immediate surgical repair as this con-
fers the best outcomes; however, less than 40% of bile 

Fig. 3  Mobilized LHD to about 1.5-cm length proximally with 
dissection partly of liver tissue, Foley catheter introduced for irrigation
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duct injuries are recognized at the index operation. 
Stewart and Law reviewed bile duct repairs done by 
specialists and general surgeons and found that only 
17% of patients repaired by the general surgeon had a 
favorable outcome [26]. Bile duct injuries should not 
be underestimated, if the surgeon is inexperienced, an 
intraabdominal drain should be placed, and the patient 
should be immediately transferred to a hepatobiliary 
specialist as observed after the second attempt, case A.

In our cases, both A and B were operated on at least 
3  months post BDI, with the successful results similar 
to other studies which recommend that late postopera-
tive recognition should generally be managed by imme-
diate control of the sepsis with delayed reconstruction 
in about 12  weeks [27]. Preoperatively further evalua-
tion should be done to classify the extent of the injury 
and set planning. In our setting, we were able to do 
MRCP and CT scan which are available towards the 
evaluation of the biliary tree [28]. ERCP and PTC are 
procedures capable of both diagnosis and treatments 
for biliary injuries that are not put into practice.

The choice of anastomosis depends on the extent and 
location of biliary stricture. In the two cases, A and B, 
we did Roux-en-Y hepaticojejunostomy successfully. It 
is a useful form of biliary reconstruction for bypass-
ing or reconstructing the biliary drainage after radical 
resection. This reconstruction is safe and effective at 
managing BDI to include early transections and delayed 
strictures. So far the method has been used success-
fully in most cases reported preferable end-to-side 
anastomosis [29]. In end-to-side Roux-en-Y hepaticoje-
junostomy, a Roux loop made of healthy, tension-free 
jejunum distal to the ligament of Treitz passed to the 
hilum of the liver and anastomosed in an end-to-side 
fashion to the proximal bile duct. The procedure is safe 
and durable, with a rate of success of 80–99% in the 
hands of experienced surgeons [30]. End-to-end anas-
tomosis may be performed if the stricture is short and 
extrahepatic, and the ends can be opposed without ten-
sion. This approach is seldom used, given the inevitable 
loss of ductal length associated with fibrosis, as well as 
lack of expertise.

The purpose of bile duct reconstruction is the restora-
tion of long-term functional biliary–enteric continuity. 
We achieved continuity through anastomosis to the LHD. 
Normally the RHD, about 1  cm, is in an extrahepatic 
position while the LHD has a much longer extrahepatic 
course than the right bile duct about 2 to 3 cm in length 
[31]. This is a key anatomic feature, which makes this 
length of the duct the prime site for high biliary–enteric 
anastomosis. It is much easier to expose a long length of 
LHD and hence tension-free anastomosis. It is often dif-
ficult and often considered impossible because it involves 

dissection into an area with scarring and fibrosis at porta 
hepatis, confluence and partly the liver tissue to attain a 
significant length of the duct for anastomosis. It is mainly 
achieved in the hand of experienced hepatobiliary sur-
geon in high center.

Conclusion
LC has become a gold standard treatment for sympto-
matic cholelithiasis and other related diseases done in 
most centers. BDI has become the most iatrogenic com-
plication frequently encountered during LC, resulting in 
a significant impact on quality of life, overall survival, and 
frequently medico-legal obligations mainly due to vio-
lation of CVS technique. Early recognition of BDI is of 
supreme importance towards early treatment and good 
outcome. With an experienced hepatobiliary surgeon, 
hepaticojejunostomy by LHD approach has a noble out-
come for proximal BDI.
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