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Background: Bile duct injury (BDI) after cholecystectomy is a serious complication. In a small subset
of patients with BDI, failure of surgical or non-surgical management might lead to acute or chronic liver
failure. The aim of this study was to review the indications and outcome of liver transplantation (LT) for
BDI after open and laparoscopic cholecystectomy.
Methods: Patients with BDI after cholecystectomy who were on the waiting list for LT between January
1987 and December 2010 were identified from LT centres in Spain. A standardized questionnaire was
sent to each unit for extraction of data on diagnosis, previous treatments, indication and outcome of LT
for BDI.
Results: Some 27 patients with BDI after cholecystectomy in whom surgical and non-surgical
management for BDI failed were scheduled for LT over the 24-year interval. Emergency LT for
acute liver failure was indicated in seven patients, all after laparoscopic cholecystectomy. Two patients
died while on the waiting list and only one patient survived more than 30 days after LT. Elective LT for
secondary biliary cirrhosis after a failed hepaticojejunostomy was performed in 13 patients after open
and seven after laparoscopic cholecystectomy. One patient from the elective transplantation group died
within 30 days of LT. The estimated 5-year overall survival rate was 68 per cent.
Conclusion: Emergency LT for acute liver failure was more common in patients with BDI after
laparoscopic cholecystectomy, and associated with a poor outcome.
∗Co-authors can be found under the heading Collaborators.
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Introduction

The incidence of bile duct injury (BDI) during open
cholecystectomy is between 0·1 and 0·3 per cent1. With
the introduction of laparoscopic cholecystectomy, the
incidence rose to 1–2 per cent before stabilizing at 0·3–0·6
per cent2–4. BDI is a severe and potentially life-threatening
complication of cholecystectomy. Liver transplantation
(LT) is the final treatment option for patients who develop
acute liver failure or secondary biliary cirrhosis resulting
in chronic liver failure.

Most studies on LT for BDI after cholecystectomy
have reported on a small number of patients. The
largest study5 included only 13 patients. Although these
publications provide important insights, controversy still

exists regarding the indications for LT in patients with
acute liver failure. In addition, no study has compared LT
for BDI after open versus laparoscopic cholecystectomy.
This study aimed to review indications and outcome of
LT for BDI after open and laparoscopic cholecystectomy
in Spain.

Methods

This was a retrospective multicentre study. In June 2011,
all 24 LT units in Spain were invited to participate in a
nationwide study on LT for BDI after cholecystectomy.
Units that agreed to participate were asked to identify
all patients who were on the waiting list or underwent
LT for BDI after open or laparoscopic cholecystectomy
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Table 1 Characteristics, treatment and outcome of patients with
bile duct injury after laparoscopic and open cholecystectomy

All patients
Laparoscopic

cholecystectomy
Open

cholecystectomy
(n = 27) (n = 14) (n = 13)

Age (years)* 57 (35–65) 48 (35–65) 58 (42–63)
Sex ratio (M : F) 10 : 17 6 : 8 4 : 9
Diagnosis of BDI

Intraoperative 15 8 7
Postoperative 12 6 6

Bismuth–Strasberg
classification of
biliary injury

E2 4 1 3
E3 11 3 8
E4 12 10 2

Vascular injury
RHA 4 4 0
CHA 1 1 0
CHA + PV 2 2 0

Treatment of BDI
Surgical† 24 13 11
Conservative‡ 3 1 2

No. of interventions
before LT

Surgical 2 (1–5) 2 (1–3) 2 (1–5)
Radiological

and/or
endoscopic

17 (2–6) 7 (2–6) 10 (2–5)

Time from BDI to
LT (months)*

36 (0·02–276) 21 (0·02–232) 60 (24–276)

*Values are median (range). Bismuth–Strasberg classification: E2,
stricture less than 2 cm from confluence and less than 2 cm of common
hepatic duct present; E3, no common hepatic duct but confluence patent,
and right and left systems communicating; E4, confluence strictured and
the two systems isolated. †Total hepatectomy (1 patient), Roux-en-Y
hepaticojejunostomy (24) and/or hepatic resection (6). ‡Radiological
and/or endoscopic procedures. BDI, bile duct injury; RHA, right hepatic
artery; CHA common hepatic artery; PV, portal vein; LT, liver
transplantation.

between January 1987 (the year of the first LT in
Spain for BDI after cholecystectomy) and December
2010 from their local database. A questionnaire was sent
to each unit for extraction of data in a standardized
format (Table S1, supporting information). Data extraction
was done by a surgeon from each unit and data
from the participating units were combined in a single
database for the purpose of this study. The study was
approved by the ethics committees of all participating
hospitals.

Patient demographics, location of the biliary injury,
associated vascular injury, surgical and non-surgical treat-
ments, indication for LT, and perioperative morbidity and
mortality (including patients on the waiting list and in the
2 months after LT) were analysed and compared between
patients with BDI after open versus laparoscopic chole-
cystectomy. The Bismuth–Strasberg classification6,7 was
used to locate the injuries. Vascular injuries were evaluated
by Doppler ultrasonography, computed tomography-
angiography and/or arteriography before LT when clin-
ically indicated and in all patients during LT. Emergency
LT was defined as transplantation in patients who were reg-
istered on the high-urgency list (code zero) to be the first on
the list for LT in Spain. These patients were diagnosed with
acute liver failure according to the criteria of King’s College
London8.

An electronic search was undertaken using the PubMed
database from January 1990 to December 2012. The search
used the following combinations of terms: liver transplan-
tation AND bile duct injuries, liver transplantation AND
open cholecystectomy, liver transplantation AND laparo-
scopic cholecystectomy, liver transplantation AND acute
liver failure AND laparoscopic cholecystectomy. Further

Table 2 Liver transplantation for bile duct injury after laparoscopic versus open cholecystectomy

Present study Studies from literature review

(n = 27) (n = 38)

BDI after laparoscopic

cholecystectomy

(n =14)

BDI after open

cholecystectomy

(n = 13) P§

BDI after laparoscopic

cholecystectomy

(n = 22)

BDI after open

cholecystectomy

(n = 16) P§

Classification of biliary injury E2: 1 E2: 3 0·014 n.a. n.a. –

E3: 3 E3: 8

E4: 10 E4: 2

Associated vascular injury 7* 0 0·006 14 3 0·007

Indication for LT 0·006 0·014

Acute liver failure 7 0 7 0

Secondary biliary cirrhosis 7 13 15 16

Death 6† 1 0·048 4‡ 3 0·641

*Of seven patients with associated vascular injury, five were transplanted for acute liver failure and two for secondary biliary cirrhosis. †All with acute liver
failure; two patients died while on the waiting list and four within 30 days after liver transplantation (LT). ‡All with acute liver failure; three patients died
while on the waiting list and one died 24 days after LT. BDI, bile duct injury; n.a., not available. §Fisher’s exact test.
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Fig. 1 Actuarial survival of patients after liver transplantation for
bile duct injury

potential references were sought by review of the biblio-
graphies of selected articles. Studies were excluded if they
did not report on the surgical approach (open versus laparo-
scopic cholecystectomy), identification of vascular injuries,
indication for LT (emergency versus elective) or when data
on mortality were missing.

Statistical analysis

Comparison of categorical variables between open and
laparoscopic cholecystectomy was performed with the
χ2 test and Fisher’s exact test. Differences in age were
assessed using the non-parametric Mann–Whitney U test.
P < 0·050 was considered statistically significant. Actuarial
survival after LT was calculated using the Kaplan–Meier
method. The date of last follow-up was 31 December
2010. Statistical analysis was done with SPSS version
17.0 (IBM, Armonk, New York, USA).

Results

All 24 LT units in Spain agreed to participate in the study.
Data from 27 patients who were scheduled for LT were
entered into the database (Table 1). Two patients with acute
liver failure died while on the waiting list. Eleven LTs (7
after open and 4 after laparoscopic cholecystectomy) were
performed between 1987 and 1998, and 14 (6 after open and
8 after laparoscopic cholecystectomy) from 1999 to 2010.
Open or laparoscopic cholecystectomy was undertaken in
all patients for biliary lithiasis. BDI was more severe and
vascular injuries more prevalent after laparoscopic chole-
cystectomy (Table 2). In eight patients, initial treatment of
BDI took place in one of the LT units and in 19 patients
a surgical repair was attempted (one or more times) at the
hospital of origin, which was not a reference centre.

Table 3 Overview of published studies on liver transplantation for bile duct injury after cholecystectomy

Reference Year

No. of

patients

Open or

laparoscopic

cholecystectomy

No. with

vascular

injury

Interval between

BDI and LT (months) Indication for LT Deaths

Bacha et al.9 1994 1 Laparoscopic 1 3 ALF 0

Robertson et al.10 1998 1 Laparoscopic 1 20 SBC 0

Buell et al.11 2002 2 Laparoscopic 1 n.a. ALF 1 patient died awaiting LT

Nordin et al.12 2002 4 Laparoscopic 1 8, 72, 72, 36 SBC 0

Schmidt et al.13 2004 2 Laparoscopic 2 12, 36 SBC 0

Frilling et al.14 2004 1 Laparoscopic 1 n.a. ALF Patient died awaiting LT

Thomson et al.15 2007 1 Laparoscopic 1 n.a. ALF Patient died awaiting LT

Zaydfudim et al.16 2009 1 Laparoscopic 1 20 h; patient anhepatic
until LT

ALF 0

Yan et al.17 2011 1 Laparoscopic 1 24 SBC 0

Ardiles et al.18 2011 6 Laparoscopic 4 113, 157, 57, 67, 71, 75 ALF 1
SBC 5

Patient with ALF died
24 days after LT

Lubikowski et al.19 2012 2 Laparoscopic 0 132, 36 SBC 0

Öncel et al.20 2006 1 Open 0 84 SBC 0

Thomson et al.15 2007 2 Open 0 245, 237 SBC 1 patient died after LT

Ardiles et al.18 2011 10 Open 3 Median 57 (range
0·7–153)

SBC 2 patients died after LT

Lubikowski et al.19 2012 3 Open 0 42, 156, 168 SBC 0

BDI, bile duct injury; LT, liver transplantation; ALF, acute liver failure; SBC, secondary biliary cirrhosis; n.a., not applicable.
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Liver transplantation

The median time between cholecystectomy and inclusion
on the waiting list for LT was 36 months (range 16 h
to 276 months). Emergency LT was indicated in seven
patients for acute liver failure after laparoscopic cholecys-
tectomy (Table 2). Two patients died while awaiting LT;
one was anhepatic after hepatectomy for massive liver
necrosis owing to occlusion of both the common hepatic
artery and portal vein, and the other because of multiple
organ failure secondary to sepsis related to biliary injury.
In all seven patients one or more attempts to repair the
BDI had been made in the referring hospital.

Elective LT was indicated for secondary biliary
cirrhosis in 20 patients (13 after open and 7 after
laparoscopic cholecystectomy) (Table 2). Secondary biliary
cirrhosis developed owing to stenosis of the bilioenteric
anastomosis. Cirrhosis was confirmed on a liver biopsy by
histopathology. Some 13 patients had Child–Pugh grade
B cirrhosis and 7 Child–Pugh grade C cirrhosis. Model for
End-stage Liver Disease (MELD) criteria were used from
2006 (8 patients).

Five patients died within 30 days after LT: 4 patients
after LT for acute liver failure and one after transplantation
for secondary biliary cirrhosis (P < 0·001). Median follow-
up was 98 (range 7–288) months. The estimated overall
5-year survival rate was 68 per cent (Fig. 1).

Review of the literature

The literature search identified 25 publications on LT for
BDI. Thirteen studies were excluded: five because they
did not report on the predefined variables, seven that
reported on the same patients in several papers, and one
in which BDI was not caused by cholecystectomy. Some
38 patients were included: 16 after open cholecystectomy
and 22 after laparoscopic cholecystectomy. Table 3 shows
the prevalence of vascular injuries, indications for LT and
mortality9–20.

Discussion

BDI during cholecystectomy is still an infrequent but
serious complication that can lead to high morbidity rates
and even death21. It also affects quality of life22, and leads
to increased costs and high rates of litigation claims23,24.
The present study confirms previous findings that BDI
after laparoscopic cholecystectomy tends to be more severe
than that after open cholecystectomy4,11,14,17. Injuries after
open cholecystectomy are usually extrahepatic and less
often associated with vascular damage. In laparoscopic
cholecystectomy the injury extends towards the hilum

of the liver, possibly owing to thermal spread of the
diathermy, resulting in larger bile duct defects and vascular
damage. The observed negative impact of the laparoscopic
approach could also be influenced by lack of experience
of the surgeon rather than surgical approach alone.
The present study does not provide information on the
level of experience of the surgeons who performed the
cholecystectomies.

Despite advances in the knowledge and treatment of
BDI after cholecystectomy over the past 20 years, LT is the
only therapeutic option for prevention of a fatal outcome
after failed operative and non-operative management of
BDI. The importance of early referral of patients with
BDI to a tertiary centre with experienced hepatobiliary
surgeons and a multidisciplinary team has been stressed
previously25,26. All seven patients with acute liver failure in
the present study were initially treated in non-specialized
centres and referred for liver transplantation in the acute
setting. The authors have no information on patients with
BDI who died before being transferred to a specialized
centre. Hence the incidence of severe BDI after open or
laparoscopic cholecystectomy for which LT is indicated
might be underestimated. Under-reporting of BDI might
happen because of a fear of litigation claims. Unfamiliarity
with the indication for LT or perceived poor outcomes of
LT for BDI is another possible explanation.

At the same time, the number of patients with severe
BDI who were managed successfully in specialized and
non-specialized units in Spain is unknown, and the present
study might overemphasize the burden of LT for BDI after
cholecystectomy.

Associated vascular injuries increase the incidence of
postoperative complications11,27. Such injury may lead to
(partial) ischaemia of the liver, stricturing of the bilioenteric
anastomosis, liver abscesses and, as a consequence, the need
for hepatic resection. In the present study, five of seven
patients with acute liver failure had associated vascular
injuries. However, the clinical significance of an isolated
right hepatic artery injury, the most frequent vascular
lesion, is debated. Alves and colleagues28 reported that
isolated right hepatic artery injury had no impact on the
clinical presentation of BDI or on the difficulty or risk of
failure of the biliary repair.

The indication for LT after BDI can be associated with
three different clinical scenarios. The first is acute liver
failure (within 24–48 h), due to massive ischaemic liver
necrosis as a result of occlusion of the hepatic artery and
portal vein11,18. Only four patients have been documented,
including two in the present study. In all patients the
sequence of events is the same: an attempt is made to
control bleeding laparoscopically with multiple clips, and
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when this fails haemostasis is achieved with stitches in
the hepatic hilum after conversion. Signs of multiple organ
failure appear in the first 24–48 h after surgery and patients
are sent to a reference hospital. Although death is common
before a donor liver becomes available, LT offers the only
chance of survival, as shown here.

Acute liver failure can also present later (after days,
weeks or even months) owing to sepsis of hepatic origin
related to stenosis of the Roux-en-Y hepaticojejunostomy,
with or without partial liver necrosis due to vascular
(arterial) injury. The indication for LT in these patients
is questionable and must be assessed carefully in each
patient. Clearly, LT should be avoided in patients with
generalized sepsis as well, when the patient, despite
fulfilling the criteria for acute liver failure, can still be
treated with restorative surgery or other interventions
(abscess drainage, necrotic liver segment resections and
repair of the hepaticojejunostomy). In the present analysis
(including literative review), three patients with acute liver
failure died while on the waiting list and seven were
transplanted, with a successful outcome in three including
one from the present series9,11.

Finally, secondary biliary cirrhosis owing to cholestasis
caused by a stricture of the hepaticojejunostomy is the most
frequent indication of LT for BDI after cholecystectomy29.
The histopathological confirmation of diffuse secondary
biliary cirrhosis is mandatory and the patients should
be included on the waiting list based on Child–Pugh
and MELD criteria. The outcome after LT in these
patients is similar to that of patients transplanted for other
indications30.
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