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Background/Aims: Endoscopic retrograde cholangiopan-
creatography (ERCP) can be an effective treatment for bile 
leakage after liver transplantation. We evaluated the efficacy 
of endoscopic treatment in liver transplantation in patients 
who developed bile leaks. Methods: Forty-two patients 
who developed bile leaks after liver transplantation were 
included in the study. If a bile leak was observed on ERCP, a 
sphincterotomy was performed, and a nasobiliary catheter 
was then inserted. If a bile leak was accompanied by a bile 
duct stricture, either the stricture was dilated with balloons, 
followed by nasobiliary catheter insertion across the bile 
duct stricture, or endoscopic retrograde biliary drainage 
was performed. Results: In the bile leakage alone group 
(22 patients), endoscopic treatment was technically suc-
cessful in 19 (86.4%) and clinically successful in 17 (77.3%) 
cases. Among the 20 patients with bile leaks with bile duct 
strictures, endoscopic treatment was technically successful 
in 13 (65.0%) and clinically successful in 10 (50.0%) cases. 
Among the 42 patients who underwent ERCP, technical suc-
cess was achieved in 32 (76.2%) cases and clinical success 
was achieved in 27 (64.3%) cases. Conclusions: ERCP is an 
effective and safe therapeutic modality for bile leaks after 
liver transplantation. ERCP should be considered as an initial 
therapeutic modality in post-liver transplantation patients. 
(Gut Liver 2015;9:417-423)
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INTRODUCTION

Although cadaveric donor liver transplantation (CDLT) is 
widely used to treat end-stage liver disease, cadaveric donors 
are limited in East Asian countries such as Korea and Japan. 
Thus, living donor liver transplantation (LDLT) has been used 
mainly in Asia, particularly in Korea and Japan.1 However, 

LDLT has potential risks associated with the small graft size for 
the recipient and the small remnant liver for the donor.2,3 To 
solve these problems, LDLT with dual grafts from two donors is 
performed, particularly in Korea. 

Biliary adverse events are the main complications after liver 
transplantation4 and are an important cause of postoperative 
morbidity and mortality.5,6 The rate in transplant recipients 
ranges from 6% to 29%.7 Biliary adverse events after trans-
plantation include anastomotic stricture, bile leakage, stones 
or debris, and Oddi dysfunction.4,8 Anastomotic stricture and 
bile leakage are the most common,9 with bile leakage the most 
frequent cause of biliary tract-related death after liver trans-
plantation.7 Early detection and appropriate management are 
critical for minimizing secondary adverse events associated 
with bile leakage.10,11 Surgery or percutaneous transhepatic bili-
ary drainage (PTBD) has been used to treat bile leaks after liver 
transplantation.9,12 However, surgical repair has a higher rate of 
adverse events and death, and PTBD has a lower rate of success 
because of biliary dilation.12 Endoscopic retrograde cholangio-
pancreatography (ERCP), the gold standard diagnostic pathway 
for biliary disease, is the preferred method of evaluation.4,6 ERCP 
is a safe and effective treatment for bile leakage.7 Several stud-
ies have reported the use of ERCP for the endoscopic treatment 
of bile leakage, with a success rate of approximately 70% to 
80%.4,7-9,12-14 

The aim of this study was to evaluate the efficacy of endo-
scopic treatment in patients who undergo CDLT, LDLT or LDLT 
with dual grafts and develop bile leaks or bile leaks combined 
with bile duct strictures. 

MATERIALS AND METHODS

1. Patients

Between January 2003 and December 2008, a total of 1,430 
adult patients (age, 18 to 65 years) underwent adult-to-adult 
liver transplantation at our center. Of these patients, 1,095 un-
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derwent LDLT, 195 underwent LDLT with dual grafts, and 140 
underwent CDLT. In CDLT and LDLT, biliary reconstruction was 
by duct-to-duct biliary reconstruction or Roux-en-Y hepatico-
jejunostomy as determined by the underlying liver disease, rela-
tive donor sizes, recipient bile ducts, and prior biliary surgery. 
When there was a size discrepancy in the caliber between the 
donor and recipient duct, or the bile duct was short, a Roux-
en-Y hepaticojejunostomy was performed. In CDLT, bile duct 
reconstruction was established with duct-to-duct anastomosis 
(n=130) with a T-tube (n=124) or an internal stent (n=4) or 
without a stent (n=2). Ten patients underwent CDLT with Roux-
en-Y hepaticojejunostomy with a T-tube (n=8) or without a 
stent (n=2). In LDLT, bile duct reconstruction was established 
with duct-to-duct anastomosis (n=952) with an external stent 
(n=679) or an internal stent (n=188) or without a stent (n=85). 
In 97 patients who underwent LDLT, the bile ducts were recon-
structed with Roux-en-Y hepaticojejunostomy with an external 
stent (n=68) or an internal stent (n=18) or without a stent (n=11). 
In 46 patients who underwent LDLT, the bile ducts were recon-
structed with duct-to-duct anastomosis with Roux-en-Y he-
paticojejunostomy with an external stent (n=30) or an internal 
stent (n=10) or without a stent (n=6). In LDLT with dual grafts, 
the bile ducts were reconstructed with duct-to-duct anastomosis 
with Roux-en-Y hepaticojejunostomy (n=195) with an external 
and an internal stent (n=185). Ten patients underwent LDLT 
with dual grafts without stents. 

Of the patients who underwent liver transplantation, bile 
leakage occurred in 42 (2.9%) patients. These patients were in-
cluded in this study.

2. Definition and diagnosis of bile leaks and bile duct stric-
tures

The diagnosis of bile leakage was based on clinical symp-
toms (fever, abdominal pain, and increased abdominal girth), 
laboratory tests, biloma on computed tomography, and leakage 
on diisopropyl iminodiacetic acid scanning. Bile leakage was 
confirmed with ERCP or percutaneous transhepatic cholangiog-
raphy and by the demonstration of leakage of contrast medium 
into the peritoneal cavity. A bile duct stricture was defined as 
abrupt luminal narrowing with proximal ductal dilatation. 

3. Endoscopic procedure

Antibiotics were routinely administered before the endoscopic 
procedure. All patients were sedated with intravenous midazol-
am and meperidine. ERCP was performed by experienced endos-
copists, with a duodenoscope (Olympus Optical, Tokyo, Japan). 

The site of the bile leak was assessed on ERCP. In most cases, 
a sphincterotomy was performed, and then a 5-F nasobiliary 
catheter (NBC) was inserted. If the bile leak was accompanied 
by a bile duct stricture, the stricture was dilated with an 8- to 
10-mm diameter balloon. Then either a 5-F NBC was inserted 
across the bile duct stricture or endoscopic retrograde biliary 

drainage (ERBD) was performed, depending on the aspects of 
the bile leak and the bile duct stricture. The optimal plastic stent 
length and diameter were determined by the location of the 
bile duct strictures. Patients treated with the placement of an 
NBC underwent NBC cholangiography. When the leak was no 
longer evident on follow-up NBC cholangiography or ERCP, the 
treatment was considered completed. ERBD was in place for 3 
months. After 3 months, the stent was removed if the bile leak 
was resolved. If bile leak persisted, the stent was changed. 

4. Analysis of outcome

Technical success was defined as the resolution of the bile 
leak on repeat cholangiography. Clinical success was defined as 
improvement in liver function and clinical manifestations re-
lated to the bile leak. Adverse events were defined according to 
the standard consensus criteria.15

All statistical analysis was performed with SPSS version 14.0 
(SPSS Inc., Chicago, IL, USA). Categorical variables were com-
pared with a chi-square test or Fisher exact test. A p-value of 
<0.05 was considered statistically significant. 

RESULTS

1. Baseline characteristics

The baseline characteristics of the patients are summarized in 
Table 1. Bile leaks occurred in 42 of 1,430 patients (2.9%) who 
underwent liver transplantation. The 42 patients consisted of 32 
men and 10 women with a mean age of 46.3 years (range, 19 
to 64 years). The underlying diseases were liver cirrhosis in 18 
patients (hepatitis B cirrhosis, 14 patients; alcoholic cirrhosis, 
three patients; autoimmune cirrhosis, one patient), hepatocellu-
lar carcinoma in 15 patients, fulminant hepatitis in five patients 
(hepatitis B, three patients; toxic hepatitis, two patients), Wil-
son’s disease in three patients, and autosomal dominant poly-
cystic kidney disease in one patient. 

Bile leaks occurred in 26 of 1,095 patients (2.4%) who un-
derwent LDLT, five of 140 (3.6%) who underwent CDLT, and 
11 of 195 (5.7%) who underwent LDLT with dual grafts (Table 
2). Bile leaks were observed more in the LDLT with dual graft 
group than in the CDLT and LDLT groups. Bile leaks alone were 
observed in 22 of the 42 patients (59.5%) who had ERCP. Bile 
leaks with bile duct strictures were seen in 20 of the 42 patients 
(40.5%) who had ERCP. The median time from liver transplan-
tation to occurrence of bile leaks was 42 days (range, 3 to 371 
days). The 42 patients underwent a total of 59 ERCPs. The mean 
number of ERCPs was 1.4 (range, 1 to 8). 

Of the patients who underwent ERCP, technical success was 
achieved in 32 (76.2%), and clinical success was achieved in 
27 (64.3%). There was no significant difference between these 
two patient groups in terms of donor type (Table 3). In the 40 
patients treated with NBC placement, the mean duration of the 
NBC placement was 13.2 days (range, 2 to 81 days).
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2. Bile leakage

The median interval between the liver transplant and the 
onset of the bile leak was 84 days (range, 11 to 371 days). The 
mean number of ERCPs was 1.32 (range, 1 to 4). In the 22 
patients with bile leaks alone, the bile leak was located at the 
anastomosis site in 10 (45.5%), at the external stent tract in six 
(27.3%), at the T-tube site in four (18.2%), and at the cystic duct 
stump in two (9.1%) (Table 4). 

In the bile leakage group, all patients were treated with NBC 

placement (5-F) with endoscopic sphincterotomy (EST) (Fig. 1). 
The median duration of the NBC placement was 9 days (range, 2 
to 81 days). In the 22 patients with bile leaks alone, endoscopic 
treatment was technically successful in 19 (86.4%). Endoscopic 
management failed in three patients. In these three patients, bile 
leaks occurred at the anastomosis site. Of the three patients, two 
required surgery, and one required PTBD. One of the patients 
who underwent surgery died of sepsis related to the bile leak. 
Clinical success was achieved in 17 of 22 patients (77.3%). The 
complaints of two patients were resolved in follow-up NBC 
cholangiography, but these patients died of sepsis related to 
the bile leak. In these two patients, the bile leak occurred at the 
anastomosis site. 

3. Bile leaks with bile duct strictures

The median interval between the liver transplant and the on-
set of a leak with a bile duct stricture was 22 days (range, 3 to 
148 days). The mean number of ERCPs was 1.5 (range, 1 to 8). 
Bile leakage with bile duct stricture was located at the anasto-
mosis site in 17 of 20 patients (85%). Bile leakage with bile duct 

Table 1. Baseline Characteristics of the 42 Patients

Characteristic No. of patients

Sex, male:female

Mean age (range), yr

Underlying diseases

   LC

   HCC

   Fulminant hepatitis

   Other

Types of donor

   LDLT

   CDLT

   Dual LDLT

Types of bile duct reconstruction

   D-D

   D-D with H-J

   H-J

Types of injury

   Leak

   Leak with stricture

Types of site

Anastomosis

   External stent tract

   T-tube

   Cystic duct

   Duct of Luschka

32:10

46.3 (19–64)

18 

15 

5 

4 

26

5

11

30

11

1

22

20

27

7

4

3

1

LC, liver cirrhosis; HCC, hepatocellular carcinoma; LDLT, living donor 
liver transplantation; CDLT, cadaveric donor liver transplantation; 
D-D, duct-to-duct anastomosis; H-J, hepaticojejunostomy.

Table 2. Frequency of Occurrence of Bile Leaks according to Donor 
Type

Types of donor Bile leakage (n=42)

CDLT (n=140)

LDLT (n=1,095)

LDLT with dual grafts (n=195)

5 (3.6)*

26 (2.4)*

11 (5.7)*

Data are presented as number (%).
CDLT, cadaveric donor liver transplantation; LDLT, living donor liver 
transplantation.
*p=0.039, comparison of bile leakage between donor types.

Table 3. Outcome of Endoscopic Treatments

Types of injury
No. of 

patients
Technical success Clinical success

Leak

Leak with stricture

Total

22

20

42

19 (86.4)*

13 (65.0)*

32 (76.2)

17 (77.3)†

10 (50.0)†

27 (64.3)

Data are presented as number (%).
*p=0.152, comparison of the technical success rate between injury 
types; †p=0.107, comparison of the clinical success rate between in-
jury types.

Table 4. Outcome of Endoscopic Treatments in 22 Patients with Bile Leaks Only

Types of site Types of surgery (no.) No. of patients Treatment Technical success, no. (%) Clinical success, no. (%)

Anastomosis

External stent tract

T-tube

Cystic duct

LDLT (6), dual LDLT (4)

LDLT (6)

CDLT (4)

LDLT (1), dual LDLT (1)

10

6

4

2

EST and ENBD

EST and ENBD

EST and ENBD

EST and ENBD

7 (70.0)

6 (100.0)

4 (100.0)

2 (100.0)

5 (50.0)

6 (100.0)

4 (100.0)

2 (100.0)

LDLT, living donor liver transplantation; EST, endoscopic sphincterotomy; ENBD, endoscopic nasobiliary drainage; CDLT, cadaveric donor liver 
transplantation.
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stricture occurred at the external stent tract, at the cystic duct 
stump, and at the duct of Luschka in three patients (Table 5). 

Endoscopic treatment for bile leaks with strictures included 
NBC placement with EST (n=18), EST alone (n=1), and ERBD 
alone (n=1). In the 18 patients treated with NBC placement, the 
median duration of the NBC placement was 8 days (range, 2 to 
42 days). In the patients treated with EST with NBC placement, 
three patients did not respond to the initial treatment. In two of 
these patients, the bile leaks were resolved, but a persistent bile 
duct stricture was confirmed at follow-up, and balloon dilata-
tion with an 8-mm diameter balloon and ERBD was performed. 
ERCP performed 3 months later demonstrated resolution of 
the stricture (Fig. 2). In the remaining patient, a persistent bile 
leak was confirmed at follow-up, and balloon dilatation with 
an 8-mm diameter balloon and ERBD was performed. Cholan-
giography performed 15 days later demonstrated resolution of 
the bile leak, but a persistent stricture was confirmed, and PTBD 
was conducted.

In the 20 patients with bile leaks with bile duct strictures, 
endoscopic treatment was technically successful in 13 patients 
(65.0%). EST alone was chosen for one patient. In the patient 
treated with EST alone, ERCP failed to clearly identify the 
source of the leak. The source was not found with laparotomy. 
PTBD was performed, and the bile leak site was located at the 
anastomosis site. ERBD alone was performed in one patient. 
Endoscopic management failed in seven patients. In all seven 

patients, bile leaks with strictures occurred at the anastomosis 
site. Of the seven patients, one required PTBD following surgery, 
and six required PTBD. Clinical success was achieved in 10 of 
20 patients (50%). In the remaining 10 patients with clinical 
failure, the complaints of three patients were resolved in follow-
up NBC cholangiography. However, one of these three patients 
underwent retransplantation because of graft failure. In the 
remaining two patients, PTBD was performed due to persistent 
abdominal pain related to bile duct strictures. One patient died 
of fungal pneumonia unrelated to the bile leak.

4. Adverse events of ERCP

The ERCP-related complication rate was 9.5% (4/42). One 
patient developed a perforation after EST and an NBC place-
ment for a bile leak. This patient underwent surgical repair, and 
the leak was stopped. Three patients developed bleeding. One 
of these patients developed bleeding after ERBD for a bile leak 
with strictures and was successfully managed with emboliza-
tion. In the other two patients, bleeding developed after EST and 
an NBC placement for a bile leak with strictures and was suc-
cessfully managed with ERCP. 

5. Follow-up

During the median follow-up period of 42.5 months (range, 1.0 
to 67 months), eight of the 42 patients (19%) who were treated 
for bile leaks experienced bile duct strictures. Seven of the eight 

Fig. 1. (A) Retrograde cholangiogram showing leakage at the external stent site (arrowhead). (B) Cholangiogram showing the placement of a 5-F 
nasobiliary catheter across the leak. (C) Occlusion cholangiogram 11 days later showing that the leak had closed.

A B C

Table 5. Outcome of Endoscopic Treatments in 20 Patients with Bile Leaks with Strictures

Types of site Types of surgery (no.) No. of patients Treatment (no.) Technical success, no. (%) Clinical success, no. (%)

Anastomosis

External stent tract

Cystic duct

Duct of Luschka

LDLT (10), dual LDLT (7)

LDLT (1)

LDLT (1)

CDLT (1)

17

1

1

1

EST and ENBD (16), EST (1)

EST and ENBD

ERBD

EST and ENBD

10 (58.8)

1 (100.0)

1 (100.0)

1 (100.0)

7 (41.2)

1 (100.0)

1 (100.0)

1 (100.0)

LDLT, living donor liver transplantation; EST, endoscopic sphincterotomy; ENBD, endoscopic nasobiliary drainage; ERBD, endoscopic retrograde 
biliary drainage; CDLT, cadaveric donor liver transplantation.
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patients who developed bile duct strictures were in the bile leak-
age with duct strictures group. The bile leaks were resolved with 
placement of an NBC. However, the bile duct strictures were 
persistent. The patients required additional treatment such as 
ERBD and PTBD. Four of those patients were treated with PTBD. 
The others were treated with ERBD. One patient was in the bile 
leakage alone group. This patient was treated with ERBD. All 
patients recovered well with ERBD or PTBD.

DISCUSSION

Bile leak is the most common short-term adverse event and 
cause of mortality following liver transplantation.9,16,17 For ex-
ample, 19% of patients with bile leaks died during the periop-
erative period due to bile leak-related adverse events, and the 
1- and 2-year survival rates for patients with bile leaks are 76% 
and 65%, respectively, versus 89% and 85% for those without 
bile leaks.18

Our study shows the results of a large cohort of patients who 
developed bile leaks after liver transplantation (CDLT, LDLT, or 
LDLT with dual grafts) and were treated with ERCP. The main 
causes of biliary drainage or T-tube leakage include biliary 
drainage or the dislocation of T-tubes that are scheduled for 

removal several months after surgery.7,9,12,19,20 Anastomotic leaks 
may be caused by stomal ischemia, which is related to injury of 
the donor bile duct, a prolonged preservation time, or post-liver 
transplantation thrombosis of the hepatic artery.7,21 Anastomotic 
leaks are not as uncommon as T-tube exit leaks,7 and anasto-
motic leaks are more likely than T-tube leaks to occur early.7,9 
Patients with anastomotic leaks have more adverse events, such 
as graft dysfunction, infection, peritonitis, abdominal abscess, 
or sepsis. The long-term prognosis is relatively worse.7,9 Less 
frequent causes include leaks from the cut surface of a liver 
graft that has been surgically reduced or obtained in a split-liver 
or living-donor procedure,10 leaks from unobserved accessory 
ducts in the gallbladder fossa,22 and leaks at incompletely closed 
cystic duct remnants.23 

In our study, bile leaks occurred more frequently in the LDLT 
with dual graft group than in the CDLT and LDLT groups. Pos-
sible explanations include the greater technical demands of 
LDLT with dual grafts and the inferior quality of the LDLT graft 
or the caliber of LDLT donor vessels available for anastomosis.24 
In the LDLT with dual grafts procedure performed at our center, 
the bile ducts are reconstructed with duct-to-duct anastomosis 
and hepaticojejunostomy.2 These complicated procedures may 
contribute to the increased rate of bile leaks. Of the patients 

Fig. 2. (A) Retrograde cholangiogram showing an anastomotic leak (arrowhead). (B) Cholangiogram showing placement of a 5-F nasobiliary cath-
eter across the leak. (C) Cholangiogram 5 days later demonstrating closure of the leak and an anastomotic stricture. (D) Stricture treated with bal-
loon and stent insertion. (E) Cholangiogram showing resolution of the anastomotic stricture after a stent was inserted.

A B

C D E



422  Gut and Liver, Vol. 9, No. 3, May 2015

who had bile leaks after liver transplantation, four died: three 
of sepsis related to the bile leaks and one of fungal pneumonia. 
In four patients, bile leaks developed due to anastomotic leaks. 
Two patients who underwent LDLT developed graft dysfunc-
tion, and retransplantation was performed. This may suggest 
that anastomotic leaks are related to more adverse events and a 
worse prognosis. 

The principal aim of nonoperative management is diversion 
of bile away from the leak site by decompressing the biliary 
tree. Many approaches are available to treat bile leaks after 
liver transplantation. Surgery has been advocated for managing 
complete disruption of duct-to-duct anastomosis and cystic duct 
leaks.25 However, reoperation in patients who have undergone 
liver transplantation confers greater morbidity and mortality 
than nonoperative approaches.25 Percutaneous placement of a 
transhepatic drainage catheter often closes the leak. However, 
this approach may be particularly difficult technically because 
the biliary tree often is not dilated in the setting of a biliary 
fistula. In addition, the potential risk of injury to the donor liver 
may restrict the use of a percutaneous drain.26

Most investigators consider endoscopic therapy to be the 
management of choice for adults and children after liver trans-
plantation, regardless of the presence or absence of an anas-
tomotic leak, a T-tube leak, and even partial disjunction of the 
stoma.9 In our study, the bile leaks were initially treated with 
standard ERCP, by using conventional procedures: EST alone, 
EST with NBC placement, and ERBD placement. EST as the 
only treatment for bile leaks may be complicated by bleeding 
or perforation.27 Although Wolfsen et al.28 found that EST alone 
healed 78% of bile leak cases, the efficiency of EST remains 
uncertain. Most endoscopists disagree that EST alone is effec-
tive for bile leaks. In our study, EST alone was performed in 
one case, but this approach failed. It has been stated that a well-
placed NBC may cure all bile leakage.29 Stent placement is an 
effective therapy in bile leakage. Morelli et al.7 reported that the 
first stent placement healed 88% of bile leak cases. In the pres-
ent series, one patient in the bile leakage with stricture group 
was treated with ERBD, and this method was successful. An 
NBC can provide negative pressure suction of bile, and effective 
drainage can be conveniently observed and recorded. Cholan-
giography through the NBC can assess the healing of the leak 
and possible bile duct-related adverse events without the need 
for repeated ERCP. The bile leaks were managed with EST with 
NBC placement in the majority of cases (40/42, 95.2%). Of the 
patients treated with EST with NBC placement, 32 were success-
fully managed with EST with endoscopic nasobiliary drainage. 
However, the main disadvantage of NBC placement is the need 
for skillful and careful nursing, especially for post-liver trans-
plantation patients with hepatic encephalopathy, who may rip 
out the NBC and cause disjunction of the stoma. 

In 20 of 42 patients (47.6%), the bile leaks were associated 
with bile duct strictures. Bile leaks are an independent risk fac-

tor for the development of anastomotic strictures.30 Although 
we do not know exactly the cause of the association, it may be 
due to peribiliary fibrosis, which can be induced by local in-
flammation resulting from bile leaks.31 The technical and clini-
cal success rates for patients with bile leaks alone were 86.4% 
and 77.3%, respectively, versus 65.0% and 50.0% for those with 
bile leaks combined with bile duct strictures. Treatment failure 
occurred via anastomotic leaks in both groups. Nonetheless, 
the technical and clinical success rates were lower in the bile 
leaks with bile duct strictures group. When only bile leaks in 
the bile leakage with bile duct stricture group are considered, 
endoscopic management was successful. However, clinically, 
especially for anastomotic bile leaks with strictures, the results 
were unsatisfactory. Rossi et al.32 reported that 10 of 12 patients 
with anastomotic strictures had a patent anastomosis for more 
than 1 year after the endoscopic stent was removed. Endoscopic 
management should include biliary stent placement after stric-
ture dilatation and has been highly successful.6 Schwartz et al.33 
reported a low success rate for the treatment of anastomotic 
strictures with dilation without stent placement. In this series, 
bile duct dilation without stent placement was performed. For 
patients with bile leaks with bile duct strictures, stricture dila-
tion followed by the placement of a stent is recommended.

Although endoscopic sphincterotomy, NBC placement, and/
or stent insertion is commonly used to treat bile leaks after liver 
transplantation, there is no consensus about which of these ma-
neuvers provides the best outcome. ERCP is a well-known treat-
ment for bile leaks after cholecystectomy and liver resection. 
The type of bile leak such as a leak after accidental dislodgement 
of an indwelling tube is different from a bile leak after liver 
transplantation. For this type of leak, endoscopic treatment is 
effective. ERCP is also effective for bile leaks after surgery such 
as cholecystectomy. However, our data suggest that ERCP is an 
effective and safe therapeutic modality for bile leaks after liver 
transplantation, thus obviating the need for surgical revision or 
placement of percutaneous drains, which are often long-term 
and less favored by patients. Especially, ERCP is an effective 
treatment for patients who develop bile leaks only. We propose 
that ERCP should be considered an initial, less invasive therapeu-
tic modality in post-liver transplantation patients. Nonetheless, 
further studies are needed to determine the most cost-effective 
endoscopic method for treating liver transplantation patients.
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