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Laparoscopic cholecystectomy is the preferred 
and most widely used method of removal of 
the gallbladder in patients with symptomatic 
cholelithiasis. Although the technique was 
introduced more than 20 years ago, bile duct 

injuries occurring as a consequence of the procedure remain a 
major problem in surgical practice. Bile leaks after laparoscopic 
cholecystectomy represent a spectrum of extrahepatic biliary 
duct injuries, and range in severity from minor cystic duct (CD) 
leaks to complete transection of the common bile duct (CBD). 
Once a bile duct leak or injury is identified, the principles of 
management are well defined and include effective drainage 
of intra-abdominal collections and detailed cholangiographic 

evaluation of the biliary system.[1,2] In patients who have a CD 
leak or a side-hole in the bile duct, an operation may be avoided 
by either endoscopic or radiological biliary stenting if biliary 
continuity is present.[3-6] If a major duct injury has occurred and 
operative treatment is necessary, repair by a surgeon with expertise 
in biliary reconstructive surgery will be necessary.

An important factor limiting morbidity is early recognition of 
the injury and appropriate intervention to prevent the potentially 
life-threatening complications of bile peritonitis, sub-hepatic 
abscesses, interloop and intra-abdominal sepsis and cholangitis, or 
the later secondary sequelae of biliary cirrhosis, portal hypertension 
and end-stage liver disease. There is consensus that optimal 
management of a bile duct injury requires multidisciplinary 
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Background. A bile leak is an infrequent but potentially serious complication after biliary tract surgery. Endoscopic intervention is 
widely accepted as the treatment of choice. This study assessed the effectiveness of endoscopic retrograde cholangiopancreatography 
(ERCP), sphincterotomy and biliary stenting in the management of postoperative bile leaks.
Methods. An ERCP database in a tertiary referral centre was reviewed retrospectively to identify all patients with bile leaks after 
laparoscopic cholecystectomy. Patient records and endoscopy reports were reviewed.
Results. One hundred and thirteen patients (92 women, 21 men; median age 47 years, range 22 - 82 years) with a bile leak were 
referred for initial endoscopic management at a median of 12 days (range 2 - 104 days) after surgery. Presenting features included 
intra-abdominal collections with pain in 58 cases (51.3%), abnormal liver function tests (LFTs) in 22 (19.5%), bile leak in 25 (22.1%), 
and sepsis in 8 (7.1%). Twenty-nine patients (25.7%) were found to have either major bile duct injuries without duct continuity, 
vascular injuries or other endoscopic findings requiring surgical or radiological intervention. Of 84 patients managed endoscopically, 
44 had a cystic duct (CD) leak, 26 a CD leak and common bile duct (CBD) stones, and 14 a CBD injury amenable to endoscopic 
stenting. Of the 70 patients with CD leaks (group A), 24 underwent sphincterotomy only (including 8 stone extractions), 43 had a 
sphincterotomy with stent placement (including 18 stone extractions) and 1 had only a stent placed, while 2 patients with previous 
sphincterotomies required no further intervention. The average number of ERCPs in group A was 2.3 (range 1 - 7). Of the 14 
patients with bile duct injuries treated endoscopically (group B), 7 had a class D, 5 an E5 and 2 a class B injury; 13 patients underwent 
sphincterotomy and stenting, and 1 had a sphincterotomy only. Group B required an average of 3.6 ERCPs (range 2 - 5). The 113 
patients underwent a total of 269 ERCPs (mean 2.4, range 1 - 7). Seven patients had one or more complications related to the ERCP: 3 
acute pancreatitis, 2 cholangitis, 2 sphincterotomy bleeds, 1 duodenal perforation and 1 impacted Dormia basket, the latter 2 requiring 
operative intervention.
Conclusions. Three-quarters of bile leaks after laparoscopic cholecystectomy were due to CD leaks (with or without retained stones) or 
lesser bile duct injuries and were amenable to definitive endoscopic therapy. Nineteen patients (16.8%) had major injuries that required 
operative intervention.
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management by surgeons, endoscopists and 
interventional radiologists.[3] 

We aimed to evaluate the effectiveness 
of endoscopic retrograde cholangio
pancreatography  (ERCP), sphincterotomy 
and biliary stenting in the management 
of biliary fistulas after laparoscopic chole
cystectomy.

Methods
A prospectively maintained ERCP data
base in a tertiary referral gastrointestinal 
endoscopy unit was retrospectively review
ed to identify all patients who had a bile leak 
after laparoscopic cholecystectomy between 
January 1991 and December 2011. Patients 
who developed a bile leak after conversion 
from a laparoscopic procedure to an open 
cholecystectomy were excluded from the 
study. 

Patient demographics, indication for the 
cholecystectomy, details of intra-operative 
difficulties, postoperative presentation of 
the bile leak, investigations used and initial 
management by the referring surgeon were 
reviewed. 

Bile duct injuries demonstrated at ERCP 
were classified according to the Strasberg 
grading system[7] (Fig. 1) and assessed with 
regard to their endoscopic management and 
outcome. The number of ERCPs required 
for bile leak resolution and complications 
that occurred after the endoscopic 
intervention were analysed.

ERCP procedure
Clotting profile and renal function were 
corrected before endoscopy and all 
patients received prophylactic antibiotics 
before and after ERCP. ERCP was 
performed under conscious sedation 
using midazolam and fentanyl  or 
pethidine or (if necessary) propofol, or 
under general anaesthesia administered 
by anaesthetists. The CBD was selectively 
cannulated using a sphincterotome and a 
0.035-inch hydrophilic guidewire (Boston 
Scientific, Natick, MA, USA). If initial 
attempts at cannulation were unsuccessful, 
sphincterotomy was performed using a 
needle knife to facilitate access to the bile 
duct. Once biliary access was achieved, 
cholangiography was used to demonstrate 
the biliary anatomy and the presence of 
a leak, stricture or retained stones was 
noted. An endoscopic sphincterotomy 
(ES), sphincterotomy and stenting or 
stenting alone was performed according 
to the endoscopic biliary findings. For 
biliary stenting, 10 French (10 Fr) plastic 
stents were routinely used. External drains 
were removed 2 days after cessation of 
bile drainage. If bile drainage had not 
reduced by day 3, further imaging with 
computed tomography intravenous 
cholangiography or magnetic resonance 
cholangiopancreatography (MRCP) was 
performed to ensure that no major biliary 
injury or transected accessory ducts 

had been overlooked. Repeat ERCP was 
performed 6 weeks after resolution of the 
biliary leak. Cholangiography was used 
to confirm healing of the biliary fistula 
and absence of a biliary stricture or 
residual stones. If a balloon cholangiogram 
performed after stent removal was 
normal, the plastic stent was not replaced. 
Statistical analysis was performed using 
the Fisher’s and chi-square tests. A 
p-value <0.05 was considered statistically 
significant.

Results
Between January 1991 and December 
2011, 220 patients were referred with a bile 
leak following cholecystectomy. Of these 
patients, 113 presented with bile leaks after 
a laparoscopic cholecystectomy and 107 
after an open cholecystectomy, including 
35 conversions from laparoscopic to open 
cholecystectomy. For the purposes of this 
study, patients with bile leaks following 
open surgery were excluded from further 
analysis. One hundred and thirteen 
patients (92 women, 21 men; mean age 47 
years, range 22 - 82 years) were referred 
for their initial endoscopic management 
at a median of 12 days (range 2 - 104 days, 
25th centile 5 days, 50th centile 8.5 days, 
75th centile 17 days) after laparoscopic 
cholecystectomy. The indication for 
laparoscopic cholecystectomy in most 
patients was symptomatic biliary colic 
(Table 1). In 52 patients (46.0%), the 
surgeon reported a difficult laparoscopic 
procedure owing to adhesions and 
difficulty in identifying biliary anatomy. 
Nine patients underwent intra-operative 
cholangiograms, 6 of which were helpful 
in confirming suspected CBD stones; 3 
were performed for unclear anatomy, and 
only 1 indicated a possible injury to the 
biliary tree. In only 8 of the 113 patients 
(7.1%) was a bile duct injury suspected 
intra-operatively, in 7 cases due to free 
bile in the operative field, and 1 patient 
was suspected of having aberrant anatomy. 
Six of the 8 biliary tree injuries identified 
intra-operatively were reported to have 
been associated with difficult procedures. 
Of the 33 patients who sustained an injury 
more significant than a type A injury, 11 
were reported by the operating surgeon 
to have had difficult cholecystectomies; 
however, this finding was not found to Fig. 1. Strasberg classification of bile duct injuries.[7]
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be significant (p=0.0989). The remaining 
61 patients (54.0%) underwent a routine 
laparoscopic cholecystectomy.

The initial presenting features of the 
postoperative bile leak were an intra-
abdominal collection with pain in 58 
patients (51.3%), bile leakage through a 
drain or the surgical wound in 25 (22.1%), 
abnormal liver function tests (LFTs) in 
22 (19.5%), and sepsis in 8 (7.1%). 
Thirty-six patients had an ERCP as their 
primary postoperative intervention, the 
majority of whom presented with a bile 
leak or abnormal LFTs. Fifty-eight patients 
initially had an abdominal ultrasound 
scan and 28 had abdominal computed 
tomography before referral for endoscopic 
management (some patients had both). 
Forty patients had a percutaneous drain 
placed for intra-abdominal collection 
drainage pre-endoscopy. Two patients 
were referred after a bile leak was 
noted at relaparoscopy or laparotomy. 
Eight patients had internal catheters 

placed via percutaneous transhepatic 
cholangiography (PTC) before being 
referred for endoscopy. MRCP was 
performed pre-endoscopy in 3 patients, 
indicating the presence of retained CBD 
stones with CD leaks in all cases.

All 113 patients in this study underwent 
endoscopy. In 84 patients (74.3%) the 
bile leak was successfully managed endo
scopically. Seventy patients had a leak from 
the CD stump (group A); of these, 44 had 
a CD stump leak alone, while 26 had a 
CD stump leak in association with one 
or more retained CBD stones. Fourteen 
patients had minor CBD injuries amenable 
to endoscopic stenting (group B).

The 70 patients in group A either had 
a sphincterotomy alone with or without 
stone extraction or a sphincterotomy with 
or without stone extraction and placement 
of 10 Fr removable plastic stents (Table 2). 
Patients underwent a repeat ERCP after 
6 weeks for stent retrieval. The median 
number of ERCPs required by the 70 
patients in group A was 2 (range 1 - 7) for 
resolution of the leak with a clear duct; 
this includes subsequent removal of the 
stent. The 44 patients in this group with a 
CD leak only underwent sphincterotomy 
or sphincterotomy and stenting according 
to the endoscopist’s preference. An 88% 
successful leak closure rate after initial 
ERCP was achieved with sphincterotomy 
alone compared with a 74% success rate 
after sphincterotomy and stenting.

Patients in group B with minor bile duct 
injuries included 2 class B, 7 class D and 5 
class E5 injuries. While true type B injuries 
consisting of segmental branch ligations 
are not managed endoscopically, 1 patient 

with a segment 6/7 duct ligation also 
had a side leak from the right main duct 
demonstrated at PTC, which resolved after 
sphincterotomy and stenting. The second 
patient had a sphincterotomy and stent 
placed for a bile leak initially of undefined 
origin. During the repeat ERCP a leak was 
identified from a transected segment 5 
duct, which resolved spontaneously.

Thirteen patients had a sphincterotomy 
and biliary stentings, and 1 patient’s leak 
resolved after spincterotomy alone (Table 2). 
Group B patients required a median of 4 
ERCPs (range 2 - 5) for resolution.

In 29 patients (25.7%) endoscopic 
management was not definitive (Table 
3). In 16 (14.2%) ERCP demonstrated 
a major bile duct injury without ductal 
continuity, which required surgical repair 
by hepaticojejunostomy. These patients 
included 7 type E1, 6 type E2, 1 type 
E3 and 2 type E5 injuries. In 4 patients, 
CBD cannulation during ERCP was 
unsuccessful (1 had a confirmed CD leak 
on MRCP, and 1 a type D injury with a 
T-tube in situ; 2 unknown), and all 4 leaks 
resolved on conservative management. 
Three further patients required open CBD 
exploration after unsuccessful endoscopic 
CBD stone extraction; this included 
a patient with an impacted Dormia 
basket. One patient required duodenal 
repair after an iatrogenic injury during 
ERCP for suspected retained stones. In 2 
patients, a distal malignant stricture was 
identified and, although their leaks settled 
on temporary plastic stenting, 1 patient 
required a palliative hepaticojejunostomy 
for repeated stent blockage. Three (15.8%) 
of the 19 major bile duct injuries were 

Table 2. Patients managed successfully by endoscopic retrograde cholangiopancreatography
Group A Group B

Endoscopic management
CD leak with/without
retained CBD stone(s)

Injury
type B

Injury
type D

Injury
type E5

Sphincterotomy only 16 1
Sphincterotomy and stone extraction 8
Sphincterotomy and stenting/s 25 2 6 5
Sphincterotomy, stone extraction and stenting/s 18
Stenting alone 1
Previous sphincterotomy/no intervention required 2
CD = cystic duct; CBD = common bile duct.

Table 1. Surgical indications for 
laparoscopic cholecystectomy
Surgical indication n (%)
Biliary colic 62 (54.9)
Acute cholecystitis 15 (13.3)
CBD stones 15 (13.3)
Chronic cholecystitis 9 (8.0)
Gallbladder empyema 6 (5.3)
Gallstone pancreatitis 5 (4.4)
Mirizzi syndrome 1 (0.8)
Total 113
CBD = common bile duct.
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found to have an associated vascular injury 
(2 false aneurysms of the right hepatic 
artery ligated at open surgery, and a false 
aneurysm of the common hepatic artery 
which was embolised).

One hundred and thirteen patients 
underwent a total of 269 ERCPs (median 
2 per patient, range 1 - 7). Seven patients 
(6.2%) developed one or more complications 
after their endoscopic interventions, 
with an ERCP complication rate of 3.7%. 
Ten specific ERCP-related complications 
occurred, and included 3 patients with 
post-procedural mild acute pancreatitis 
managed conservatively, 2 patients who 
developed cholangitis requiring treatment 
with intravenous antibiotics and repeat 
biliary decompression, 2 patients with 
sphincterotomy bleeds that were controlled 
by local injection of adrenaline 1:1000 
solution, and 1 patient with early stent 
migration requiring a repeat ERCP. Two 
patients required surgical intervention. 
One patient had repair of an iatrogenic 
endoscopic duodenal perforation, and the 
other required an open CBD exploration 
and removal of an impacted Dormia basket.

One hundred and twelve patients 
(99.1%) were discharged from hospital. 
One patient died of multi-organ failure 
owing to persistent intra-abdominal sepsis 

following complete transection of the 
bile duct. One patient has required long-
term balloon dilatation and stenting of a 
common hepatic duct stricture.

Of the group of patients who required 
surgical repair, 4 developed anastomotic 
strictures necessitating revision of their 
surgical repairs (3 hepaticojejunostomies, 
1 choledochoduodenostomy). One patient 
with a suspected CBD stricture after bile 
duct injury eventually required a palliative 
hepaticojejunostomy for an irresectable 
carcinoma of the head of the pancreas and 
1 required mesh repair of a large incisional 
hernia.

Discussion
In this study, three-quarters of postoperative 
bile leaks were suitable for endoscopic 
management and were treated with 
combinations of ES and bile duct stenting. 
Decreasing the transpapillary pressure to 
allow preferential duodenal biliary drainage 
and subsequent bile duct healing has 
been achieved by a variety of endoscopic 
techniques.[8] ES alone, ES and stenting, 
nasobiliary drainage and stenting without 
prior sphincterotomy have all been 
successfully employed in the management 
of bile leaks following cholecystectomy.[9,10] 
Nasobiliary drainage for bile leaks[3,11] has 

the advantage of allowing easy follow-up 
cholangiography and avoiding repeat ERCP, 
but owing to the potential disadvantages of 
patient discomfort, tube displacement, fluid 
loss, electrolyte imbalances and lengthy 
hospital stays, this technique is not routinely 
used in our unit.

Various endoscopic options exist to 
treat bile leaks; over 90% of leaks can 
be managed endoscopically if the distal 
obstruction is overcome.[5,10,12] Regardless of 
their origin in the biliary tree, minor leaks 
are defined as those demonstrated only after 
intrahepatic duct filling, whereas major 
leaks will be evident before intrahepatic 
duct filling has occurred.[13,14] Minor leaks 
seal in over 90% of patients following 
ES alone, while the recommendation 
for a major leak is temporary biliary 
stenting for 6 weeks.[12,13,15] Any patient 
who has an associated biliary stricture, a 
contraindication to ES or poor drainage 
of contrast after ES should also receive a 
temporary stent. No difference has been 
observed between patients managed by 
ES and stenting and stenting alone with 
regard to time of or success of biliary leak 
closure. [4,9,13]

There is currently no consensus regard
ing optimal endoscopic intervention, and 
there are no controlled data to indicate 
the optimal number, configuration, size, 
type and length of endoprostheses required 
for successful management of biliary leaks 
after laparoscopic cholecystectomy.[9,15-17] 
Experimental data show that flow rates 
are better in vitro through straight than 
through pigtail stents, and fistula closure 
is more rapid in dogs with stents compared 
with sphincterotomy alone.[8,10,18,19] The 
ideal duration for biliary stenting is 
not known, and has varied from 3 to 8 
weeks in previous reports.[10,13,15,16] In this 
study, we used single 10 Fr plastic stents 
after a conservative sphincterotomy for 
access and to facilitate stent insertion. 
The 10 Fr stent was used in preference 
to smaller 7 Fr stents, which carry the 
risk of early occlusion by inspissated bile, 
although a comparative study has found 
no difference in outcome based on stent 
size.[16] If residual stones were identified 
in the CBD a larger sphincterotomy was 
created to allow stone extraction. Generally 
only a short 7 cm stent that traverses the 
sphincter of Oddi is required. That it is not 

Table 3. Unsuccessful endoscopic management
Injury type N Management after unsuccessful endoscopic treatment
E1 7 6 hepaticojejunostomies

1 death related to sepsis
E2 6 6 hepaticojejunostomies
E3 1 1 hepaticojejunostomy
E5 2 1 hepaticojejunostomy

1 choledochoduodenostomy
D 1 T-tube, conservative
A 1 Conservative
Unknown 2 Conservative
Vascular 3 2 false aneurysms, RHA ligation at open surgery

1 false aneurysm, CHA embolised
Duodenal perforation 1 1 Primary surgical repair
Retained stones 3 3 open CBD explorations
Malignant strictures 2 1 hepaticojejunostomy

 1 palliative metal stent
Total 29
RHA = right hepatic artery; CHA = common hepatic artery; CBD = common bile duct.
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necessary to stent the leak site is supported by the current study 
and other published data.[20] The stents were left in situ for 6 weeks 
after external bile drainage had stopped. Using this protocol, all the 
fistulas in our study healed without recurrence.

Biliary leaks generally present 3 - 4 days postoperatively. Clinical 
features range from obvious biliary drainage via an intra-operatively 
placed drain or from the surgical wound to abdominal discomfort 
or pain, abdominal distension and ileus, peritonitis or systemic 
features of sepsis, abnormal LFTs or localised collections noted 
on ultrasound examination.[12-14] Early recognition of a biliary 
leak is essential to minimise the potentially high morbidity and 
mortality associated with biliary tree injuries. Initial focus must 
be on controlling sepsis by ensuring adequate external drainage 
of any biliary collections; identifying the source and extent of the 
biliary leak is the primary step in planning further management 
options. MRCP allows non-invasive evaluation of the biliary tree, 
with a reported diagnostic sensitivity of 95% and a specificity of 
100% in detecting a leak,[21,22] and is generally widely available. 
However, minor leaks may be missed, the leak site can only 
be identified with 70% accuracy, and no therapeutic input is 
possible. In our practice there may be a delay in obtaining an 
MRCP, while an ERCP is available immediately. We therefore 
prefer initial endoscopic evaluation of the biliary tree by ERCP 
when presented with a biliary leak in order to define the 
anatomy, assess the leak and allow simultaneous therapeutic 
intervention, but this can only be recommended in a high-output 
endoscopy unit with an acceptably low complication rate.

 The most common site of a bile leak after cholecystectomy is the 
CD stump (Strasberg type A injury) (54 - 78% of patients), followed 
by the ducts of Lushka (13 - 19%). The remainder of the leaks (9 - 
20%) originate from the common hepatic duct, CBD, intrahepatic 
ducts and intra-operatively placed T-tubes.[4,13,14,23] This is in keeping 
with our findings of 66.4% of biliary leaks resulting from CD stump 
leaks. In this series of 75 patients with CD stump leaks, 40% of 
leaks were associated with retained CBD stones. Common causes of 
CD stump leaks include clip displacement after resolution of duct 
oedema, incorrect clip application, increased intrabiliary pressure 
transmitted to the CD stump as a result of distal CBD stones, CD 
necrosis and unrecognised distal CD injury. In patients with wide, 
oedematous ducts we recommend routinely tying off the duct to 
avoid clip slippage. We also advocate routine pre-operative LFTs, 
which if abnormal are followed by transabdominal ultrasound 
examination of the biliary tree. Should choledocholithiasis be 
confirmed, we perform a pre-operative ERCP. It is our policy 
to perform selective intra-operative cholangiograms in patients 
with abnormal LFTs but no ultrasonographic evidence of 
choledocholithiasis pre-operatively, or if there are any concerns 
intra-operatively in identifying the biliary anatomy.

The reported incidence of endoscopic complications after 
biliary manipulation and stenting for biliary leaks ranges 
from 1.8% to 7.2%, and complications include pancreatitis, 
cholangitis, bleeding from the sphincterotomy site and, rarely, 
duodenal perforation.[4,10,24-29] Later difficulties encountered 
are cholangitis due to stent blockage, dislodgement or stent 
migration. Seven patients in this study developed one or more 

complications after their endoscopic interventions, including 
mild acute pancreatitis, cholangitis, sphincterotomy bleeding 
and stent migration. Two patients required surgical intervention 
for complications following ERCP, 1 for repair of an iatrogenic 
duodenal perforation and the other for removal of an impacted 
Dormia basket. If there is no need for removal of CBD stones or 
placement of multiple simultaneous stents, an alternative option 
is to place a temporary biliary stent without first performing an 
ES. This is an attractive option in the elderly and in any situation 
where patient co-morbidities make it advisable to avoid all 
potential endoscopic complications.[25] In younger patients ES has 
been associated with an increased risk of cholangitis in the long 
term.[30] Late complications of temporary stenting include stent 
dysfunction, both stent migration and blockage occurring more 
frequently with plastic stents.[31] Our complication rate of 6.2% 
following ERCP for biliary leaks is in keeping with the reported 
literature.[4,10,24-29] While stent size does not affect biliary leak 
resolution, using a larger stent without an ES does increase the 
risk of mild pancreatitis, although not significantly.[25]

In this study, we used only plastic stents due to costs. 
Removable fully covered self-expanding metal stents are equally 
effective in sealing biliary leaks.[15] In this study, stents were 
removed after 6 weeks, and repeat cholangiography was routinely 
performed when the stent was removed to confirm duct integrity 
and the absence of a leak or stricture or residual stones; 91.3% 
of our endoscopically managed biliary leaks had sealed. In our 
setting, a routine balloon cholangiogram and pull-through is 
recommended owing to the high incidence of associated biliary 
sludge, stones or possible residual biliary leaks after stenting.[32,33]

In this study, ERCP was useful for confirming the diagnosis of 
minor biliary injury and for definitive management with internal 
biliary drainage in all patients. This study emphasises that a bile 
leak should be suspected in any patient who does not make a rapid 
postoperative recovery. In experienced centres, an ERCP is a safe 
initial approach to a post-cholecystectomy bile leak, and offers 
both accurate anatomical identification and grading of biliary leak 
severity with the option of immediate therapeutic intervention 
with low complication rates.[34] Post-cholecystectomy bile leaks 
occur most commonly from the CD stump, and associated CBD 
stones are found in one-third of cases.[35] Where there is duct 
continuity, over 90% of biliary leaks will resolve after endoscopic 
management. The issue of which technique of endoscopic drainage 
(particularly as it relates to the role of sphincterotomy and the 
choice of stent size) to use is still controversial, but ERCP in 
this setting can be performed with minimal morbidity. Biliary 
sphincterotomy alone will be sufficient in most patients, but does 
have potential complications. A biliary leak will seal fastest after 
stenting, which can be performed without a sphincterotomy but 
has the disadvantage of requiring a second procedure for stent 
removal. Individual patient preference, degree and positioning 
of the leak, the presence of potential distal obstruction and 
endoscopist preference together dictate the appropriate endoscopic 
approach. This study has shown that endoscopic therapy is safe 
and effective in the management of bile leaks after laparoscopic 
cholecystectomy.
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