
LDLT biliary strictures with a technical success rate of 
75%-80%. Most of ERCP failures are successfully treated 
by percutaneous transhepatic biliary drainage (PTBD) 
and rendezvous technique. A minority of patients may 
require surgical correction. ERCP for these strictures is 
technically more challenging than routine as well post 
deceased donor strictures. Biliary strictures may increase 
the morbidity of a liver transplant recipient, but the 
mortality is similar to those with or without strictures. 
Post transplant strictures are short segment and soft, 
requiring only a few session of ERCP before complete 
dilatation. Long-term outcome of patients with biliary 
stricture is similar to those without stricture. With the 
introduction of new generation cholangioscopes, ERCP 
success rate may increase, obviating the need for PTBD 
and surgery in these patients.
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Core tip: Biliary complications are the Achilles heel 
of liver transplantation and are more common in live 
related liver transplant than cadaver liver transplant. 
Endoscopic retrograde cholangiopancreatography along
with percutaneous transhepatic biliary drainage is 
successful in managing more than 90% of biliary com-
plications after liver transplant. Although strictures 
increase morbidity after liver transplant, the mortality 
rates are not influenced by biliary strictures. This review 
provides diagnostic approach and management algori-
tham of these biliary structures in the setting of right 
lobe liver transplant.
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Abstract 
Biliary complications are common after living donor 
liver transplant (LDLT) although with advancements in 
surgical understanding and techniques, the incidence 
is decreasing. Biliary strictures are more common than 
leaks. Endoscopic retrograde cholangiopancreatography 
(ERCP) is the first line modality of treatment of post 
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INTRODUCTION
Liver transplantation has become a well-established 
treatment for end stage liver disease[1]. Living donor 
liver transplant (LDLT) is still the predominant form for 
transplantation in eastern part of the world including 
India. Biliary leaks and strictures are still recognized 
as the most common complications after LDLT. Biliary 
complications after orthotopic liver transplantation 
(OLT) are evaluated and treated by endoscopy; only 
a few require percutaneous interventions. Surgical 
intervention is necessary only in treatment failures as a 
backup option[2]. Non-anastomotic stricture (NAS) are 
uncommon and difficult to treat with endoscopic retro
grade cholangiopancreatography (ERCP)/percutaneous 
transhepatic biliary drainage (PTBD). NAS’s often require 
re-transplant as the only effective treatment option. This 
review will focus on the diagnosis and management of 
anastomotic biliary strictures (ABS) after LDLT.
 
MAGNITUDE OF THE PROBLEM AND 
CONTRIBUTING FACTORS
Incidence of biliary complications after liver trans-
plantation has been variably reported between 5%-40% 
(Table 1). The incidence is higher after LDLT compared 
to deceased donor liver transplant (DDLT)[3]. Over 
last 3 decades the reported incidence of bile leaks as 
well strictures is decreasing (Table 1)[4-15]. This can be 
ascribed to better understanding of the technical causes 
leading to biliary complications.

Although the cause of biliary complications is mainly 
technical, various factors have been implicated in the 
development of these complications. Overview of the 
possible contributory factors and role of each has been 
listed in Table 2[12,14-22].

In LDLT the anastomosis is made between right 
anterior and posterior ducts of the donor with the 
common hepatic duct of the recipient. The various types 
of anastomoses are shown in Figure 1. There could be 
one anastomosis if common trunk of right hepatic duct 
is available (Figure 2) or there could be two or more 
anastomoses (Figure 3). Usually, in case of double duct 
anastomosis, native right anterior and right posterior 
are used to anastomose to donor ducts. If the two ducts 
are close together, sometimes ductoplasty with single 
recipient duct is done (Figure 4). In rare circumstances, 
surgeons have used cystic duct for anastomosis to one 
of the ducts of the donor. In our own experience, the 
use of cystic duct for anastomosis leads to stricture 
formation in almost all cases (unpublished data). Once 
the stricture develops in cystic duct anastomosis, it is 
technically almost impossible to handle with endoscopy 

(Figures 5 and 6). At our center, we have abandoned 
using cystic duct of the recipient for ductal anastomosis.
 
DIAGNOSIS
Biliary complications related to anastomosis could be 
leaks or strictures. The diagnosis of biliary complications 
is made on the basis of clinical symptoms (jaundice, 
itching, bilious drainage, and cholangitis), deranged 
liver function tests (LFT), and/or radiologic imaging. 
Imaging plays a very important role in diagnosis as 
well management of biliary problems. Ultrasonography 
(USG), magnetic resonance cholangiopancreatography 
(MRCP), hepatobiliary scintigraphy (HBS) as well as 
computerized tomogram (CT) have an important role in 
diagnosis and management of biliary problems.

The timeline for biliary complications after transplant 
is shown in Figure 7[23]. 

Most bile leaks would present early after transplant 
(within first few weeks), almost all would manifest in 
3 mo[23]. Leaks presenting early after transplants are 
usually diagnosed clinically by the presence of bile in the 
drains. Sometimes, even early bile leaks may be tricky 
to diagnose as many patients produce large amount 
of peritoneal fluid for a few days after transplant, thus 
diluting the bile. On the other hand, late leaks may 
present after drain removal with pain abdomen and 
fever with or without jaundice and septicemia. Role of 
static imaging (USG, CT, MRCP) in diagnosis of leaks 
is mainly to diagnose collections. However, HBS may 
be useful to diagnose subclinical leaks (cut surface 
leaks after LDLT, minor leaks from anastomotic site 
not apparent on drain)[24]. Minor bile leaks may have 
minimal derangement of LFT’s, any fever with pain 
abdomen should raise a suspicion of bile leak. Any 
undiagnosed sepsis in post-operative setting, should 
raise the suspicion of bile leak and all efforts should be 
made to diagnose it.

Biliary strictures usually present later than leaks but 
within first year after transplant[23]. The most common 
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Table 1  Evolution of post living donor liver transplant biliary 
complications with the changing time

Ref. Year Country n Follow-up 
(mo)

Leaks Strictures

Sugawara et al[4] 2003 Japan   92 45 20.6%   9.7%
Gondolesi et al[5] 2004 United 

States
  96    24.2 21.9% 22.9%

Lee et al[6] 2004 South 
Korea

  31    10.5   6.5% 12.9%

Liu et al[7] 2004 China   41    13.3   7.3% 24.3%
Soejima et al[8] 2006 Japan 182 21 11.5% 25.3%
Shah et al[9] 2007 Canada 128 23 14.8% 17.1%
Mita et al[10] 2008 Japan 231   9.5%
Marubashi et al[11] 2009 Japan   83    32.4   1.2%   7.2%
Kim et al[12] 2010 South 

Korea
  22    51.3      0%   9.1%

Wadhawan et al[14] 2013 India   65 28   8.8% 10.3%
Mizuno et al[13] 2014 Japan 108    58.4   5.6% 13.9%
Vij et al[15] 2015 India 127        9.32   0.7%      0%



presenting symptoms of stricture is itching with or 
without jaundice. LFT reveal a cholestatic pattern; 
bilirubin rise may be late in the course after LDLT. Less 
commonly, cholangitis may be the presentation of a 
biliary stricture. The first investigation in such cases 
is ultrasound of the abdomen. The presence of ductal 
dilatation has a high positive predictive value for the 
diagnosis of a stricture[25]. However, ductal dilatation 
is not prominent in many cases after LDLT. Absence of 
ductal dilatation has been previously reported to be an 
unreliable indicator of adequate biliary drainage[26]. It has 
been shown that donor bile ducts do not respond to the 
distal obstruction by same extent of dilatation as the non 
transplant liver[27]. MRCP has a sensitivity and specificity 
of 85%-90% in diagnosing biliary strictures after 
transplant[28,29]. The phenomenon of limited dilatation 
of donor ducts further underestimates the diagnosis 
of strictures on MRCP imaging. Specific criteria have 

been proposed for diagnosis on MRCP imaging[30]. The 
variables that need to be studied in MRCP include type 
of anastomosis, length of stricture, length of common 
stump proximal to the anastomosis and differential 
diameters of recipient and donor ducts, etc. These 
help in the diagnosis as well as planning of endoscopic 
treatment.

Acute cellular rejection is an important differential 
when we have graft dysfunction. In fact rejection has 
been shown to be associated with stricture[21]. In our 
own experience, in the presence of ductal dilatation 
patients should be first taken for biliary decompression 
and if graft dysfunction persists, they should be treated 
for rejection. In the absence of dilatation, a liver biopsy 
may help in diagnosing the predominant cause of graft 
dysfunction.

HBS has been used in diagnosing the biliary obs-
truction with variable results[31,32]. It has a high positive 
predictive value but low sensitivity and specificity. Hence 
it is not widely used in the diagnosis of strictures.

Despite the fact that diagnostic ERCP is on its way 
out, it still remains an important modality to diagnose 
and confirm suspected biliary strictures after transplant. 
Sometimes in doubtful cases, a direct cholangiography 
[ERCP, percutaneous transhepatic cholangiography 
(PTC)] is required for the diagnosis. Thus direct cholan-
giography is the gold standard not only in establishing 
the diagnosis but also in allowing therapeutic inter-
vention in the same setting. ERCP being less invasive 
with lower complication rates, is the modality of choice 
and is preferred over PTC[2,14]. 
 
MANAGEMENT
Biliary strictures can be managed by either endoscopic 
access (ERCP) or by percutaneous access (PTBD). 
All over the world, ERCP is the treatment of choice 
for management of biliary strictures after LDLT and 
is preferred over PTBD. Only one trial has compared 
the two modalities head to head[33]. The results of this 
study showed similar success and complication rates for 
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Figure 1  Types of biliary anastomoses and corresponding biliary recon
structions[54]. A: Single duct anastomosis; B: Double duct - minimum distance 
between two donor ducts, requires ductoplasty with recipient CBD; C: Double 
duct - two donor duct are far away, requires two separate duct anastomosis 
or a hepaticojejunostomy; D: Single duct to duct reonstruction; E: Double 
duct to duct reconstruction using right and left hepatic ducts; F: Double duct 
to duct reconstruction using cystic and CHD; G: Mixed type using duct to duct 
and hepaticojejunostomy. CHD: Common hepatic duct; CBD: Common bile 
duct.

Table 2  Overview of factors contributing to biliary complications

Ref. Year Factor Inference

Dalgic et al[16] 2005 Corner sparing sutures Decreased incidence of complications
Castaldo et al[17] 2007 Continuous vs interrupted sutures No difference in two techniques
Soejima et al[18] 2008 Hilar dissection to preserve blood supply Decreased incidence of complications
Lin et al[19] 2009 Microsurgical biliary reconstruction Decreased incidence of complications
Kim et al[12] 2010 Telescopic reconstruction of bile duct Decreased incidence of complications
Chok et al[20] 2011 CIT and acute cellular rejection Higher biliary complications with increased CIT

Acute cellular rejection predicted biliary strictures
Horster et al[21] 2013 HCV infection as etiology Higher incidence of biliary complications in patients with HCV infection and 

higher viral load
Wadhawan et al[14] 2013 Type of anastomosis Higher incidence of biliary complications in double duct and cystic duct 

anastomosis
Mathur et al[22] 2015 Internal biliary stenting No difference in complications with or without stenting

Decreased incidence of biliary complicationsVij et al[15] 2015 Corner sparing sutures
Bile duct mucosal eversion

CIT: Cold ischemia time; HCV: Hepatitis C virus.

Wadhawan M et al . Biliary strictures in LDLT



464 April 8, 2016|Volume 8|Issue 10|WJH|www.wjgnet.com

Definitions of stricture and endoscopic outcomes 
Classical definition of anastomotic biliary stricture 
on cholangiography is a dominant narrowing at the 
anastomotic site without effective drainage of the 
contrast material[34]. However, the diagnosis of stricture 
is nowadays made on MR cholangiography rather than 
direct cholangiography. The parameters to be studied on 
MRCP examination include the presence and location of 

both approach. However, the number of interventions 
required was higher in the percutaneous arm. Despite 
sparse comparative data, ERCP is the preferred approach 
with PTBD being reserved for rescue in cases of failed 
ERCP/stenting. PTBD is considered more invasive, with 
a higher incidence of complications like hemorrhage, bile 
leak from entry site and need to keep an external stent 
that is liable to be displaced inadvertently.
 

Figure 2  Anastomotic stricture  single duct anastomosis. A: Magnetic resonance cholangiopancreatography shows stricture at the anastomotic site of a single 
duct anastomosis; B: Endoscopic retrograde cholangiopancreatography (ERCP) in the same patient shows the stricture; C: ERCP in same patient shows guide wire 
negotiated across the stricture. 

A B C

A B C

Figure 3  Anastomotic stricture  double duct anastomosis. A: Magnetic resonance cholangiopancreatography image shows stricture across both RASD as well 
as RPSD ductal anastomosis; B: Endoscopic retrograde cholangiopancreatography (ERCP) image shows guide wire negotiated across RPSD in this patient; C: ERCP 
image shows guidewire negotiated across RASD in this patient.

Figure 4  Anastomotic stricture  ductoplasty. A: Magnetic resonance cholangiopancreatography image of a ductoplasty of RASD and RPSD to common hepatic 
duct; B: Endoscopic retrograde cholangiopancreatography (ERCP) image shows stricture at ductoplasty site; C: ERCP image shows guide wire across one ductal 
system.

A B C
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any strictures, upstream duct dilatation, the diameter of 
the ducts proximal to the anastomotic site (donor duct), 
distal to the anastomotic site (recipient duct) (Table 3). 

ABS is diagnosed when the diameter of the anas-
tomosis is less than 50% of the proximal (donor) bile 
duct[35]. If ABS is diagnosed, the length and diameter 
of the stricture is recorded. Also to be noted is the size 
discrepancy as well as angulation between donor and 
recipient ducts[34]. The percent stenosis is calculated 
as the difference between the donor duct diameter 
and the stricture diameter, divided by the donor duct 

diameter. In case of multiple duct anastomoses, details 
of each anastomosis have to be recorded as it has 
implications on number of stents to be placed. Also 
in case of a single duct anastomosis, the possibility of 
stricture extending intrahepatic is to be considered (this 
can convert a single duct anastomosis similar to double 
duct thus mandating more than one stent). Although 
more than 50% change in diameter of anastomosis 
to intrahepatic (donor duct) is taken as suggestive of 
stricture, this has not been validated in any of the trials. 
There are no studies comparing the relative diameters 
in asymptomatic individuals compared to those with 
biochemical derangements.

Successful initial endoscopic outcome is defined as 
the continuous improvement in LFT. Successful long-
term endoscopic outcome refers to persistent patency 
of the anastomotic site on cholangiography after stent 
removal. The biliary anastomosis is considered patent 
on cholangiography when the narrowest diameter at 
the anastomosis is greater than 80% of the upstream 
intrahepatic (donor) duct diameter, and spontaneous 
emptying of contrast medium is seen on fluoroscopy[2]. 
Initial endoscopic treatment failure is defined as inability 
to negotiate the stricture on ERCP[14]. Endoscopic treat-
ment failure is defined as persistence of the stricture 
after 12 mo of therapy. A persistent ABS is defined 
as a visible stricture on cholangiography after stent 

Figure 6  Cystic duct anastomosis after dilatation. This patient developed 
stricture again and underwent a hepaticojejunostomy.

Figure 5  Anastomotic stricture  cystic duct anastomosis (endoscopic retro
grade cholangiopancreatography failed, patient underwent percutaneous 
transhepatic biliary drainage).

Table 3  Definitions

Term Definition

Anastomotic biliary stricture ERCP/PTC - Dominant narrowing at the anastomotic site without effective drainage of the contrast material
MRCP - More than 50% reduction in anastomotic diameter compared to intrahepatic duct

Successful initial endoscopic outcome Stricture negotiated with stent with continuous improvement in liver functions
Successful long-term endoscopic 
outcome

Persistent patency of the anastomotic site on cholangiography after stent removal (anastomotic site > 80% of 
intrahepatic ductal diameter)

Initial endoscopic treatment failure Inability to negotiate the stricture on ERCP
Endoscopic treatment failure Persistence of the stricture after 12 mo of therapy
Persistent ABS Visible stricture on cholangiography after stent removal, measuring less than 80% of the diameter of the 

intrahepatic duct or hindering effective drainage of contrast medium
Recurrence of stricture Biochemical derangement with ERCP documented recurrence of stricture after initial success

ERCP: Endoscopic retrograde cholangiopancreatography; PTC: Percutaneous transhepatic cholangiography; ABS: Anastomotic biliary strictures; MRCP: 
Magnetic resonance cholangiopancreatography.

Bile leak

Non anastomotic 
stricture

Anastomotic stricture

1        2         3        6       12       18      24

Time since liver transplant (mo)

Figure 7  Timeline of biliary complications after transplant.
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removal, measuring less than 80% of the diameter of 
the intrahepatic duct or hindering effective drainage 
of contrast medium. Recurrence of stricture is defined 
as biochemical derangement with ERCP documented 
recurrence of stricture after initial success. 
 
Timing of intervention
There is no data available on the timing of intervention 
after development of biliary stricture. There is a fear of 
disrupting the anastomosis if ERCP is done early (first 
few weeks). However, there is no published data to 
substantiate that fear. In our own center, we tend to 
delay ERCP for at least 3 wk. Also we feel that early 
biliary leaks may merit surgery than ERCP. 

The success rate also depends on the time gap 
between the transplant to the presentation of biliary 
stricture. We have found that strictures that present 
early have a higher rate of successful outcome after 
ERCP. This is probably explained by the fact that early 
strictures are often soft involving short segment and 
hence are easily negotiable on ERCP. Those presenting 
late (generally in such cases there is a lag period 
between onset of symptoms and time of presentation) 
often have very tight strictures, making the negotiation 
of stricture difficult. The rate of salvage PTBD as well 
requirement of surgical intervention is higher in these 
cases.
 
Protocol of endoscopic intervention
The intervention protocols vary between institutions. 
Most centers would only stent the stricture after initial 
sphincterotomy at the first ERCP. Balloon dilatation 
is usually done in subsequent ERCP’s. But there are 
institutions where balloon dilatation is carried out at 
the first ERCP itself[36]. Usually after the initial ERCP, 
stents are replaced every 3 mo with larger stents. 
Stents placed for longer time are more likely to get 
blocked predisposing to cholangitis[37-39]. Use of multiple 

stents has shown better long-term success than single 
stents[40,41]. 

There are 4 published trials comparing stenting 
alone vs stenting and balloon dilatation. Three of 
these are in post DDLT biliary strictures and only one 
was in LDLT patients[42]. This trial showed better long-
term outcomes with a combination of both strategies 
compared to either alone. 

The protocol we follow at our center is described 
as follows (Figure 8)[14]. The initial stenting is done 
with 7F/10F plastic stent depending on the timing of 
presentation after transplant. We use 7F stents initially 
for those with biliary leak in addition to stricture, and in 
those presenting very early after transplant (within 2 
mo). Patients presenting after 2 mo of transplant usually 
undergo either a 10F stent (single duct anastomosis) 
or two 7F stents (double duct anastomosis). We always 
place stents across all anastomoses even if only one has 
a stricture as we feel stenting only one duct may block 
the other biliary system leading to cholangitis. We use 
the same strategy of stenting both anterior and posterior 
duct in a single duct anastomosis if the common duct 
of donor is small. We do not use balloon dilatation in 
first ERCP for the fear of anastomotic disruption. The 
stents are usually exchanged after 3 mo. We perform 
balloon dilatation with 6 mm or 10 mm biliary dilatation 
balloon (depending on the size of intrahepatic ducts) 
during second ERCP. The stents are removed if the 
waist of stricture is completely obliterated. Each patient 
requires about 2-3 stent exchanges over 6-12 mo. This 
is quite less than what is seen in other cases of benign 
biliary strictures (Iatrogenic post cholecystectomy and 
strictures associated with chronic pancreatitis). This 
could be due to the fact that these patients are on 
immunosuppression and thus do not have significant 
fibrosis.

The success rate of ERCP in post LDLT biliary 
strictures has been reported between 60%-75%[9,14,41-45]. 

Diagnose biliary complication by clinical suspicion and imaging

Protocol for ERCP differs according to leak/stricture

Balloon dilatation after 10F stent

Remove stent if waist of stricture obliterated

Stricture

ERCP + 7F or 10F stent (> 2 mo 
after transplant)

Multiple stents if multiple anastomoses 
or short common stump

Replace with 10F stent after 3 mo

ERCP + 7F stent

Bile leak

Figure 8  Protocol for endoscopic intervention (please see text also). ERCP: Endoscopic retrograde cholangiopancreatography.
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This is lower than reported success rate for post DDLT 
strictures (80%-90%)[3]. The reasons for lower success 
in LDLT strictures are multiple and will be discussed in 
detail in technical challenges section.

There are reports of use of covered self-expandable 
metal stents (SEMS) in treatment of biliary leaks and 
strictures after transplant. However, most of the data is 
in post DDLT strictures[46,47]. The smaller size of donor 
liver ducts as well as very short common duct stump 
and discrepancy between recipient and donor duct size 
make it unsuitable for use in LDLT strictures. Moreover, 
using a fully covered stent in LDLT strictures will 
compromise the patency of the contralateral duct. We 
do not use SEMS in post LDLT strictures.
 
Technical challenges
The ERCP procedure is much more challenging in post 
LDLT compared to DDLT recipient. The anastomosis 
is much higher and peripheral making the access diffi
cult[44]. There is also a size discrepancy between donor 
and recipient ducts adding to the difficulty. The role of 
ischemia element at the anastomotic site often leads 
to the stricture extending intrahepatic, hence often 
converting single duct anastomosis akin to double 
duct anastomosis (separation of anterior and posterior 
segments of the donor liver)[48]. The hypertrophy of the 
partial liver in LDLT often creates a sharp angulation 
between donor and recipient ducts. This angulation 
when complicated by a stricture often leads to a very 
difficult situation less amenable to successful endo-
scopic treatment[49]. Kyoto group has described a similar 
anomaly as crane neck deformity, in which the biliary 
anastomosis is located at a point that is far below the 
highest portion of the recipient duct[43]. This is parti-
cularly difficult to negotiate with ERCP, but salvage PTBD 
is often successful in such cases.

A peculiar problem arises when strictures are asso-
ciated with leaks also. In this scenario, the guide wire 
repeatedly slips preferentially into the leak area without 
negotiating the stricture (path of least resistance). In 
such cases also, ERCP is often unsuccessful and PTBD is 
required. 

Newer techniques like cholangioscopy (spyglass) 

have been described in LDLT for traversing difficult 
strictures[50,51]. However in our limited experience of 
three cases, we did not find it of any additional benefit. 
We found that limited visibility and steering ability of 
the currently available devices is the major problem 
hindering the usefulness. With the improving technology 
and introduction of better cholangioscopes, this may 
help in negotiating difficult strictures.

Another novel technique using magnets to traverse 
difficult biliary strictures after LDLT has been des-
cribed[52,53]. This was initially described in LDLT from 
Korea by Jang et al[52]. Subsequently, a through the 
scope magnet has been used by turkey group with very 
good results. A similar technique with use of EUS-ERCP 
interface has also been successfully used to repair biliary 
anastomosis after LDLT[54]. Ersoz et al[55] described a 
novel technique using standard balloon to negotiate S 
shaped difficult strictures. With further refinement of 
these technique, it may help prevent surgery in difficult 
to negotiate biliary strictures after LDLT.
 
Long-term outcomes
Long-term data after removal of stents is sparse. 
The only published paper which discusses long-term 
outcome, reported a stent free status in 42.5% of 
patients at a median follow-up of 33 mo[38]. In our own 
experience, 90% of the patients after balloon dilatation 
are free of stents at a median of 1 year after initial ERCP 
(Figure 9). The recurrence rate after stent removal is 
around 20% at a median follow-up of 30 mo after last 
balloon dilatation (unpublished data). Most patients who 
have recurrence of stricture after balloon dilatation are 
successfully treated by repeat ERCP only[33]. 
 
Failure of endoscopic treatment
The failure rate of endoscopic management in LDLT 
strictures varies from 25%-40% in various studies. 
The reasons for higher failure rate compared to DDLT 
have been discussed in technical considerations section. 
Patients who fail ERCP are usually successfully managed 
by PTBD. We at our center always do a rendezvous 
ERC procedure after a successful PTBD (Figure 10)[14]. 
Stenting via PTC route has been described but is not 

Figure 9  Balloon dilatation of biliary stricture. A: Endoscopic retrograde cholangiopancreatography (ERCP) images show stricture at the anastomotic site; B: 
ERCP image showing balloon dilatation of the stricture; C: Successful obliteration of the waist of stricture after balloon dilatation.
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widely practiced as it entails dilatation of liver tract of 
PTBD[33]. In our series the technical success rate of 
ERCP was 75%, majority of the failures were managed 
by PTBD (combined success rate of 91%). However, in 
small number of patients, where both ERCP and PTBD 
fail (about 9%), surgical intervention in the form of 
hepaticojejunostomy is required[14]. 
 
Complications
Complication rates after ERCP have been variably 
reported between 10%-24%[14,32,39-44]. Due to altered 
duodenal anatomy (upper abdominal surgery), the 
approach to the papilla becomes difficult as after any 
other upper abdominal surgery. The incidence of compli-
cations including pancreatitis rates are similar as in non-
transplant ERCP’s. We have seen proximal migration of 
plastic stents in significant number of patients. Removal 
of these becomes quite difficult. To avoid that, we have 
started using single pigtail stents. 
 
Biliary complications and graft survival 
Most of the biliary strictures are now managed succe-
ssfully with non-surgical approach (ERCP or PTBD). The 
success rate of these interventions is very high with 
minimum morbidity and almost no mortality. At least two 
trials have analyzed the effect of biliary complications 
on graft survival in LDLT[14,37]. Both concluded that 
there is no effect of biliary complications on patient or 
graft survival. However, both these trials had analyzed 
strictures in relation to mortality. We believe that if the 
data on bile leaks is analyzed separately, the results may 
be different as bile leaks predispose to sepsis and graft 
dysfunction early after liver transplant.
 
Future directions
Biliary strictures are the commonest complication of liver 
transplant both OLT and LDLT. Despite that there is no 
consensus on numerous management issues in it. We 
need more evidence to show what is the best protocol, 
i.e., only balloon or balloon dilatation plus stent, how 
many stents, for how long. Natural history of treated 
biliary strictures needs to be further studied. Newer 

devices to facilitate difficult stricture cannulation during 
endoscopy need to be developed. Digital spyglass may 
be one such modality. Any bad/favorable prognostic 
signs for endoscopic treatment need to be defined. 
Above all more effort is required to refine the surgical 
techniques to avoid these strictures.

CONCLUSION
Biliary complications are common after LDLT, strictures 
seen more commonly than leaks. With refining surgical 
skills and better understanding of factors predisposing to 
biliary strictures, the incidence of biliary complications is 
decreasing. ERCP is the first line modality of treatment 
of post LDLT biliary strictures with a technical success 
rate of 75%-80%. Most of ERCP failures are successfully 
handled by PTBD. A minority of patients may require 
surgical correction. ERCP for post LDLT strictures is 
technically more challenging than routine ERCP’s as 
well post DDLT strictures ERCP’s. With the introduction 
of new generation cholangioscopes, ERCP success rate 
may increase, obviating the need for PTBD and surgery 
in the management.
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