
INTRODUCTION

Postoperative bile leakage is a well-known, important com-
plication after cholecystectomy, and when not detected may 
increase the morbidity and mortality rates.1,2 Currently, lapa-
roscopic cholecystectomy (LC) is a well-established treatment 
for gallstone-associated diseases. However, the emergence of 
laparoscopic surgery has increased the incidence of bile leak, 
although it reduced the overall complication rate and length 
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of hospital stays.3 Furthermore, the incidence of bile leak was 
reported to be higher after LC than after open cholecystecto-
my (OC), with an incidence of 1.1% to 4.0% after LC.4-8 The 
most common site of bile leak is the cystic duct stump, fol-
lowed by the intrahepatic duct. The recent evolution of endo-
scopic therapy has played a major role in the diagnosis and 
treatment of bile leak after cholecystectomy. The aim of this 
study is to evaluate the efficacy of the endoscopic management 
of bile leakage after cholecystectomy.

MATERIALS AND METHODS

A total of 32 patients, including nine referrals from outside 
hospitals, with bile leakage after cholecystectomy from January 
2000 to December 2012 were reviewed retrospectively. The 
exclusion criteria were bile leak after liver surgery, transarterial 
embolization, and traumatic injury. Bile leak was confirmed 
by means of endoscopic retrograde cholangiopancreatogra-
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phy (ERCP) in all patients. The medical records and endo-
scopic and radiologic findings were reviewed retrospectively. 
ERCP was performed, using side-viewing endoscopes (TJF-
240; Olympus Optical Corp., Tokyo, Japan), by experienced 
endoscopists at a single center. Endoscopic retrograde biliary 
drainage (ERBD, Cotton-Leung stents; Wilson-Cook Medical, 
Winston-Salem, NC, USA) with or without endoscopic sp-
hincterotomy (ES) or endoscopic nasobiliary drainage (ENBD, 
Wilson-Cook) was performed when the optimum cholangio-
gram showed findings of a definite bile leakage. The severity 
of the bile leak was categorized into low grade and high grade 
on the basis of fluoroscopic findings. A low-grade bile leak was 
defined as a leak identified simultaneously or right after the 
full opacification of the intrahepatic biliary trees fluoroscopi-
cally, and a high-grade leak was defined as the visualization 
of contrast extravasation before opacification of intrahepatic 
ducts. Patients were discharged in the absence of clinical evi-
dence of a leak, and a second-look ERCP was usually perform-
ed after 4 to 6 weeks to confirm complete healing of the leak 
and to remove the biliary stent. Clinical parameters, including 
sites of bile leak, types of procedures, radiologic and endo-
scopic management, and ERCP-related complications, were 
documented. The study was approved by the institutional re-
view board of our hospital.

 
RESULTS

Baseline characteristics 
During the 2000 to 2012 period, >5,000 cholecystectomies 

were performed in our hospital. Twenty-three patients devel-
oped bile leaks after cholecystectomy at our hospital and nine 
patients with bile leak were referred from outside hospitals. 
Consequently, 32 patients (20 men, 12 women; mean age 60.9± 
15.4 years; range, 20 to 87 years) were included in the present 
study (Table 1). LC was carried out in 18 patients (56.3%), OC 
in 12 patients (37.5%), and two patients (6.3%) were convert-
ed to open laparotomy because of the technical difficulties as-
sociated with the laparoscopic approach. The causes of chole-
cystectomy were acute calculous cholecystitis (53.1%), acute 
acalculous cholecystitis (21.9%), gallbladder empyema (21.9%), 
and gallbladder polyps (3.1%). Of the 32 patients, 22 (68.8%) 
presented with persistent bile drainage through Hemovacs. 
The presenting symptoms included abdominal pain (18.8%), 
fever (6.3%), ascites (3.1%), and jaundice (3.1%). The most 
common site of bile leakage was the cystic duct stump (25 pa-
tients, 78.1%), followed by right hepatic duct (three patients, 
9.4%), liver beds (two patients, 6.3%), left hepatic duct (one 
patient, 3.1%), and common bile duct (CBD; one patient, 3.1%). 
Of 32 patients with bile leak, four patients had bile duct stric-
ture combined with bile leak, one of whom had a severe CBD 

stricture. On the basis of the severity of the bile leakage, 14 
patients (43.8%) were classified as having a high-grade bile 
leak. The mean interval from cholecystectomy to the diagno-
sis of bile leak and from the diagnosis of bile leak to the refer-
ral for ERCP was 5.3±5.1 days (range, 1 to 21) and 3.7±4.1 
days (range, 1 to 15), respectively. The mean interval from 
ERCP to stent removal was 55.7±35.8 days (range, 17 to 174). 

 
Management of bile leakage and outcomes

The types of procedures and endoscopic managements 
used for biliary leak are listed in Table 2. Various treatment 

Table 1. Baseline Characteristics of 32 Cases

Parameter Value
Age, yr 60.9±15.4 (20–87)
Sex, male/female 20/12 (62.5/37.5)
Causes of operation

 Acute calculous cholecystitis 17 (53.1)
 Acute acalculous cholecystitis 7 (21.9)
 Gallbladder empyema 7 (21.9)
 Gallbladder polyp 1 (3.1)

Types of operation
 LC/OC/LC conversion to OC 18 (56.3)/12 (37.5)/2 (6.3)

Diagnostic method of bile leak
 Bile drainage through Hemovac 22 (68.8)
 Abdominal pain 6 (18.8)
 Fever 2 (6.3)
 Ascites 1 (3.1)
 Jaundice 1 (3.1)

Site of bile leak
 Cystic duct stump 25 (78.1)
 Rt/Lt IHD 3/1 (9.4/3.1)
 Liver bed 2 (6.3)
 Common bile duct 1 (3.1)

Types of injury
 Leak only 28 (87.5)
 Leak combined with ductal stricture 4 (12.5)

Severity of leak
 Low grade/High grade 18 (56.3)/14 (43.8)

Time interval, day
Cholecystectomy to bile leak 5.3±5.1 (1–21)
Bile leak to ERCP 3.7±4.1 (1–15)
ERCP to stent removala) 55.7±35.8 (17–174)

Values are presented as mean±SD (range) or number (%).
LC, laparoscopic cholecystectomy; OC, open cholecystectomy; Rt, 
right; Lt, left; IHD, intrahepatic duct; ERCP, endoscopic retrograde 
cholangiopancreatography. 
a)It excluded four patients (12.5%) exhibiting spontaneous stent 
disappearance at follow-up. 
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modalities were performed. Twenty-seven patients (84.4%) 
were managed with ERCP alone and five (15.6%) were treated 
with a percutaneous intervention followed by ERCP. Of the 
32 patients, endobiliary stent placement was performed after 
ES in 22 patients (68.8%) and without ES in eight patients 
(25.0%). One patient (3.1%) with gallbladder empyema un-
derwent ENBD after ES, and follow-up cholangiography by 
means of ENBD demonstrated incessant extravasation of con-
trast at the right intrahepatic duct. The ENBD was replaced 
with a 10-Fr ERBD stent, which resulted in complete cessation 
of the bile leak. 

In one patient, percutaneous catheter insertion was effec-
tively attempted to drain the biloma at the gallbladder fossa; 
nevertheless, the patient experienced an acute respiratory dis-
tress syndrome attack and intracerebral hemorrhage associ-
ated with a septic condition, and finally complete healing of 
the bile leak was achieved with ERBD placement (Fig. 1). One 
male patient treated with percutaneous catheter drainage 

(PCD) insertion had an additional 10-Fr stent placed to atten-
uate the bile leak at the stump of the cystic duct. This patient 
required open laparotomy because of the persistent bile leak 
into the abdomen, although follow-up ERCP demonstrated 
complete closure of the previous leaking point. In the opera-
tion field, an ongoing bile leak was identified from the right 
hepatic duct, and eventually the patient underwent hepatico-
jejunostomy and fully recovered. Of the four cases of bile leak 
combined with bile duct stricture, one patient underwent he-
paticojejunostomy after ERCP because of the massive bile 
leak combined with severe obstruction of the mid-CBD, and 
the remaining three patients were treated by means of ERBD 
with ES without further intervention because they had mild 
strictures. 

During follow-up, the ERBD stent spontaneously disap-
peared in four patients (12.5%). Endoscopic therapy with or 
without percutaneous intervention proved to be successful in 
31 of 32 patients, with the exception of one patient who finally 

Table 2. Outcomes of Endoscopic Management of Bile Leak 

Types of treatment
No. of patients 

(n=32)

Sites of leak
Leak healedCystic duct

(n=25)
Rt /Lt IHD

(n=3/1)
CBD
(n=1) 

Liver bed
(n=2)

ERBD without ES 8 (25.0) 5 1/0 0 2 8 (100)
ERBD with ES 

Without PCD 18 (56.2) 16 1/0 1 0 18 (100)
With PCD 3 (9.4) 2 0/1 0 0 3 (100)

ERBD after ENBD with ESa) 1 (3.1) 0 1/0 0 0 1 (100)
Surgeryb) 2 (6.3) 2 0/0 0 0 0 (0)
Values are presented as number (%).
Rt, right; Lt, left; IHD, intrahepatic duct; CBD, common bile duct; ERBD, endoscopic retrograde biliary drainage; ES, endoscopic sphincteroto-
my; PCD, percutaneous drainage; ENBD, endoscopic nasobiliary drainage. 
a)ERBD was performed due to a persistent bile leak after ENBD placement with ES; b)One patient underwent open laparotomy because of a de-
teriorating bile leak after PCD insertion and ERBD placement with ES due to bile leak at the cytic dut stump initially. In the operation field, an 
ongoing bile leak was identified from the right hepatic duct, and eventually the patient underwent hepaticojejunostomy. Another one underwent 
hepaticojejunostomy due to the complete occlusion of mid-CBD combined with massive bile leak. 

A  B  C  
Fig. 1. Endoscopic retrograde cholangiopancreatogram and follow-up cholangiogram of a cystic stump bile leak. (A) Extravasation of con-
trast was observed in the region of the cystic duct stump by cholangiography. Percutaneous catheter for the drainage of the biloma is also not-
ed. (B) A plastic stent (10 Fr, 7 cm) was placed through the ampullary orifice. (C) No bile leak was evident after stent removal 6 weeks later.
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underwent surgery because of bile leak exacerbation. Table 3 
outlines the sizes and lengths of the plastic stents used for the 
bile leaks. The diameters of the stents used for stopping the 
bile leak were 10 Fr in 23 patients (71.9%) and 11.5 Fr in nine 
patients (28.1%), and the lengths of stents were 7 cm in 16 pa-
tients (50.0%), 5 cm in nine patients (28.1%), and 9 cm in sev-
en patients (21.9%). All ERBD stents used in this study were 
straight polyethylene stents.

 
Complications of endoscopic management

The procedure-related complications of the 32 patients who 
underwent ERCP for bile leak are listed in Table 4. Internal 
migration of the ERBD stent into the bile duct was encoun-
tered in one patient (3.1%). Stent occlusion complicated with 
acute cholangitis occurred in one patient (3.1%) with a 10-Fr 
stent. In this case, the ERBD stent was replaced with an 11.5-
Fr stent, which subsequently resulted in the closure of the leak 
site. Two patients (6.3%) developed post-ERCP pancreatitis. 
Both these patients had ERBD without antecedent ES, one 
with a 10-Fr stent and the other with an 11.5-Fr stent. These 
patients had mild leaks and recovered without clinical sequel-
ae. No complication associated with sphincterotomy was en-
countered.

DISCUSSION

Bile leakage is a well-known but uncommon complication 
after cholecystectomy. Since the introduction of LC for the tr-
eatment of gallstone disease, bile leakage has more frequently 

been encountered owing to unexpected injuries to the biliary 
tree. The incidence of bile leak seems to be higher for less ex-
perienced surgeons or at institutes with a low volume of lapa-
roscopic surgery.1 Furthermore, it has been reported that bile 
leak is more frequent after LC than after OC, and the cystic 
duct stump is the most common site of bile leak, as was found 
in the present study.1,3 Other sites include the aberrant duct of 
Luschka, common hepatic duct, and intrahepatic ducts.1 In 
particular, variant bile ducts or accessory ducts of Luschka are 
especially vulnerable to accidental injury during cystic duct 
dissection. During cholecystectomy, iatrogenic dissection of 
an aberrant duct, erroneous clipping, dislodgement of clips, 
electrosurgical damage, ischemic change, and subsequent ne-
crosis of a cystic duct stump can cause bile leakage.7,9,10 In this 
era of LC, surgeons should be aware of accessory ducts and of 
anatomical variations in the biliary tree in order to avoid iat-
rogenic injuries that could cause bile leakage.

The clinical symptoms of bile leak are diverse. In the present 
study, bile leak was diagnosed in most patients from percuta-
neous bile drainage (68.8%). Overall, abdominal pain (18.8%) 
was the most common symptom, followed by fever, ascites, 
and jaundice, which concurs with previous reports.2,5-7 Infre-
quently, bile leak presents as biloma (an extrahepatic collec-
tion of bile). In these cases, bile leak presents some time after 
surgery because it is not immediately noticed. Although many 
patients have been reported to develop symptoms 3 to 5 days 
after cholecystectomy, anecdotal reports indicate that symp-
toms may occur as late as 60 to 90 days.5,11 In the present study, 
the mean time between cholecystectomy and the detection of 
bile leak was 5.3 days (range, 1 to 21).7,12

Of the available modalities, radionuclide scintigraphy, com-
puted tomography (CT), and ultrasonography (US) are non-
invasive diagnostic tools for detecting bile leakage. In contrast, 
ERCP, PCD, and open laparotomy are diagnostic and thera-
peutic approaches.6,12-14 In some cases, percutaneous interven-
tion and endoscopic procedures have been used to reduce the 
incidence of unnecessary open laparotomy.11 In the present 
study, four patients were successfully treated with a combined 
percutaneous and endoscopic approach, and only one patient 
eventually underwent open laparotomy because of a deterio-
rating bile leak.

Biloma is a serious complication after biliary surgery. Bi-
loma formation after cholecystectomy can cause high morbid-
ity and mortality unless treated timely, and usually requires 
aggressive intervention.15 Percutaneous drainage is an alterna-
tive to surgery in terms of preventing progression into sepsis 
due to bacterial infection of the fluid collection in the abdo-
men. The gallbladder fossa is the most common location of bi-
loma formation and has been reported in 10% to 30% of af-
fected patients.2,4 Biloma can easily be detected by CT or US 

Table 3. Types of Plastic Stents for Bile Leak

Variable No. of patients (n=32)
Size, Fr

10/11.5 23/9 (71.9/28.1)
Length, cm

5/7/9 9/16/7 (28.1/50.0/21.9)
Shape

Straight/Double pig tail 32/0 (100/0)
Location of stents

Proximal/Distal to leak site 17/15 (53.1/46.9)
Values are presented as number (%).

Table 4. Complications of Endoscopic Management of Bile Leak

Parameter No. of patients
ERBD related

Internal migration 1 (3.1)
Occlusion with cholangitis 1 (3.1)

Pancreatitis 2 (6.3)
Values are presented as number (%).
ERBD, endoscopic retrograde biliary drainage.



252  Clin Endosc 2014;47:248-253

Endoscopic Therapy for Bile Leak

and can be effectively drained by percutaneous catheter inser-
tion under US guidance. Biliary decompression by means of 
ERCP should be carried out as a supplementary measure to 
ensure rapid biloma shrinkage, and the drainage catheter can 
be left in place until minimal drainage is observed.7 In the 
present study, one case of a well-demarcated biloma was en-
countered at the gallbladder fossa, and the biloma was success-
fully evacuated by means of radiologic intervention and sub-
sequent endoscopic treatment.

Currently, ERCP plays an important role in the diagnosis 
and stoppage of bile leakage after cholecystectomy, with tech-
nical evolution. The sites of bile leak and the amount of leak-
age can be determined by direct visualization of contrast ex-
travasation. Optimal cholangiogram of the biliary tree can also 
reveal the presence of CBD stones, bile duct anomalies, and 
bile duct stricture. In addition, ERCP can facilitate the endo-
scopic treatment of the bile leak. Available endoscopic man-
agements for bile leak include ES, ENBD, ERBD with or with-
out ES, or a combination of these modalities. Biliary stenting 
showed a more rapid resolution of leak than ES alone in a ran-
domized and controlled study with a canine model.16 How-
ever, no consensus has been reached about the optimal endo-
scopic intervention for the management of bile leaks.3,5,11,17,18

Lowering the transpapillary pressure gradient through am-
pullary orifice and leak site bridging provides the theoretical 
basis for the healing process of bile leaks. ES alone can lead to 
equalization of the pressure gradient between the bile duct and 
the duodenum, which decreases flow resistance and diverts 
bile flow into the duodenum, consequently facilitating leak 
sealing.3,6 On the basis of the therapeutic rationale of decreas-
ing the pressure gradient, it would appear that placement of a 
plastic stent offers a more predictable pressure gradient-low-
ering effect than ES does. Insertion of a biliary endoprosthe-
sis can prevent the mucosal damage caused by bile contents 
through a bridging effect, and can divert bile flow preferen-
tially toward the ampulla. As expected, biliary stenting was 
preferred to ES alone in several previous studies.6,10,14,19 Inter-
estingly, even positioning of stents below the leak site showed 
equally encouraging results.11 This observation implies that the 
abolition of a transpapillary pressure gradient is the most in-
fluential factor related to the healing mechanism of bile leaks.

Sandha et al.18 proposed the algorithm of endoscopic treat-
ment for bile leakage based on the fluoroscopic criteria. From 
their flowchart, ES alone may be sufficient to close the bile leak 
for low grade leaks. Meanwhile, biliary stent placement with 
or without sphincterotomy was advocated as the initial therapy 
for high grade leaks because ES alone may be insufficient to 
block the defect. Although biliary stenting combined with ES 
is not mandatory according to the proposed classification, 
ERBD with ES was more frequently performed than ES alone 

regardless of the degree of the leak in the present study, to fa-
cilitate the closure of the leak by rapid pressure lowering and 
bypassing of the leakage site. 

Various sizes and lengths of stents are being used according 
to the clinician’s preference. In the present study, usually short-
length plastic stents (5 cm in 28.1%, 7 cm in 50.0%, and 9 cm in 
21.9%) were placed, regardless of the leak sites, and favorable 
outcomes were achieved. Nevertheless, the optimal diameter 
and length of a biliary stent and the time required for the com-
plete resolution of bile leaks have not been determined.18 Larg-
er-caliber stents might be more efficient because they reduce 
the risk of occlusion and maximize bile flow through the am-
pullary orifice. In the present study, a 10-Fr stent was more 
frequently used than an 11.5-Fr stent (71.9% vs. 29.1%, respec-
tively), and no differences in the therapeutic outcomes were 
found between the two stents. 

Leaks are likely to persist in the presence of factors contrib-
uting to increase the intraductal pressure. Unnoticed CBD 
stones or dysfunction of the sphincter of Oddi (SOD) can ag-
gravate bile leak by increasing the bile duct luminal pressure.9,20 
In particular, ES plays an important role in patients with missed 
CBD stones or SOD by removing CBD stones and equalizing 
the pressure gradient between the bile duct and the duodenum.

Biliary stenting with or without ES and nasobiliary tube 
placement result in equally excellent outcomes in stopping bile 
leaks.1,18,21 There are controversies about the necessity of ES be-
fore placing a biliary stent. ES may be helpful for inserting a 
large-caliber stent easily and reducing the risk of pancreatitis. 
In the present study, two cases of mild procedure-related pan-
creatitis developed. A 10-Fr stent was placed in one patient 
and an 11.5-Fr stent in the other patient without a prior ES. 
The rates of pancreatitis associated with biliary stent place-
ment are variable, and while some studies have reported no 
pancreatitis, others have reported several cases.7,11,12,21-23 Larger 
stents might be more effective for lowering the risk of luminal 
occlusion. However, the placement of a large-diameter stent 
without ES might increase the risk of pancreatitis. On the oth-
er hand, the placement of a smaller caliber stents could reduce 
the risk of pancreatitis but increase the possibility of clogging 
of stents. Furthermore, the proper duration of stent placement 
has not been definitively determined. Several studies have 
shown that bile leaks are usually sealed off within 1 week of 
stent placement, and that 4 to 7 weeks are required for com-
plete closure of the leakage. Therefore, it is generally accepted 
that it is advisable to remove a plastic endoprosthesis 4 to 6 
weeks later.5,7,11,13,19 In the present study, most prostheses were 
left in place for 4 to 6 weeks (mean, 55.7±35.8 days), and the 
follow-up ERCP demonstrated successful termination of the 
bile leak. 

Nasobiliary tube (ENBD) placement offers an alternative 
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treatment of bile leak by diverting the bile flow into the tube. 
In particular, this procedure may be useful for patients with 
coagulopathy, such as liver cirrhosis or chronic renal failure, 
because it can be performed without ES. Furthermore, the sta-
tus of the bile leak can be visualized by using a cholangiogram 
through a nasobiliary tube. Although ENBD does not require 
follow-up ERCP after the healing of bile leakage, it is not com-
monly recommended because of its inconvenience and risk 
of accidental tube removal.7,9,18,21 In the present study, a 7-Fr 
ENBD stent was placed in only one patient with gallbladder 
empyema. However, ERBD was later performed in this patient 
because of a persistent bile leak on follow-up cholangiogram 
through the ENBD.

Most cases of bile leak can be treated endoscopically. How-
ever, an additional surgery or radiologic intervention may be 
required if bile leak is accompanied by severe biliary stricture 
or occlusion. Among the nine patients with bile duct stricture, 
six patients needed surgery because of complete occlusion of 
the bile ducts.24 In the present study, of the four stricture cases, 
one patient underwent open laparotomy because of a mas-
sive bile leak in conjunction with severe upstream bile duct 
obstruction (by surgical clips). 

In the present study, the overall success rate of endoscopic 
intervention with or without percutaneous drainage for the 
healing of bile leak was 93.8%. In addition, no important pro-
cedure-related complications were encountered. The results 
obtained in this study provide evidence supporting that endo-
scopic therapy is an effective and safe modality for bile leak-
age after cholecystectomy. Nevertheless, large prospective stud-
ies are needed to determine the proper size, shape, and length 
of stents, owing to the limitations of the retrospective, small-
sample-size, and single-center results. 

In conclusion, bile leakage remains a major concern after 
cholecystectomy. Clinicians should be alert in detecting bile 
leakage as early as possible. The endoscopic approach of ERCP 
should be considered a primary modality for the diagnosis 
and treatment of bile leakage after cholecystectomy. 
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