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Abstract
Despite advances in surgical techniques, benign biliary 

strictures after living donor liver transplantation (LDLT) 
remain a significant biliary complication and play an 
important role in graft and patient survival. Benign 
biliary strictures after transplantation are classified into 
anastomotic or non-anastomotic strictures. These two 
types differ in presentation, outcome, and response 
to therapy. The leading causes of biliary strictures 
include impaired blood supply, technical errors during 
surgery, and biliary anomalies. Because patients 
usually have non-specific symptoms, a high index of 
suspicion should be maintained. Magnetic resonance 
cholangiography has gained widespread acceptance 
as a reliable noninvasive tool for detecting biliary 
complications. Endoscopy has played an increasingly 
prominent role in the diagnosis and treatment of biliary 
strictures after LDLT. Endoscopic management in LDLT 
recipients may be more challenging than in deceased 
donor liver transplantation patients because of the 
complex nature of the duct-to-duct reconstruction. 
Repeated aggressive endoscopic treatment with 
dilation and the placement of multiple plastic stents is 
considered the first-line treatment for biliary strictures. 
Percutaneous and surgical treatments are now reserved 
for patients for whom endoscopic management fails 
and for those with multiple, inaccessible intrahepatic 
strictures or Roux-en-Y anastomoses. Recent advances 
in enteroscopy enable treatment, even in these latter 
cases. Direct cholangioscopy, another advanced form of 
endoscopy, allows direct visualization of the inner wall 
of the biliary tree and is expected to facilitate stenting 
or stone extraction. Rendezvous techniques can be 
a good option when the endoscopic approach to the 
biliary stricture is unfeasible. These developments have 
resulted in almost all patients being managed by the 
endoscopic approach.
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Core tip: The small diameter and complex nature of 
the duct-to-duct reconstruction of the bile duct in 
living donor liver transplantation lead to more biliary 
strictures and difficulties in treatment. A high index of 
suspicion for the development of biliary stricture should 
be maintained in order to allow early recognition and 
early intervention. Nonsurgical methods have become 
standard therapy. Endoscopic management is generally 
very effective and has a low incidence of procedure-
related complications. Technological advances with 
newer endoscopic techniques or instruments have 
continued and may offer the opportunity to widen the 
indication of endoscopic treatment and to manage 
more efficiently.
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INTRODUCTION
Living transplantation is increasingly being performed 
worldwide for adults with end-stage liver disease, with 
over 6000 procedures undertaken annually in the 
United States and 2000 occurring every year in China. 
However, the waiting list for liver transplantations 
grows annually because of a shortage of organs. 
Living donor liver transplantation (LDLT) is one way to 
overcome this problem. Asia has the most extensive 
experience with LDLT; 90% and 70% of total liver 
transplants are LDLT in Japan and South Korea, 
respectively. 

Despite technical applications and the development 
of various surgical techniques, biliary complications 
still occur frequently after transplantation[1-3]. In 
addition, the small diameter of the anastomotic bile 
duct leads to more biliary complications in recipients 
of LDLT compared with patients who have undergone 
deceased donor liver transplantation (DDLT) (up 
to 37% vs 10%-15%, respectively)[2,4-7]. Biliary 
complications after LDLT, particularly benign biliary 
strictures, play an important role in graft and patient 
survival. Patients with biliary strictures often require 
frequent admissions and longer periods of treatment, 
which can lead to the physical, economical, and even 
emotional suffering of recipients for extended periods 
of time. Therefore, the early and precise diagnosis and 
appropriate management of biliary strictures, which 
continues to improve over time, is mandatory. In this 
paper, we will review the current diagnostic methods 
and modalities for the treatment of biliary strictures 
after LDLT, including an extensive review of the current 

literature.

BENIGN STRICTURES AFTER LIVING 
DONOR TRANSPLANTATION
Classification
Biliary strictures are classified according to their 
location into an anastomotic stricture (AS) or non-
anastomotic stricture (NAS). These two types differ 
in presentation and outcome after treatment. An 
AS is usually single and is located at the site of the 
biliary anastomosis (Figure 1). On the other hand, 
NASs are usually multiple, and they are located at 
biliary trees other than the anastomotic sites more 
than 0.5 cm proximal to the anastomosis (Figure 
2)[8]. NASs were first described in DDLT in association 
with hepatic artery thrombosis, where the biliary tree 
becomes ischemic and eventually necrotic, resulting in 
a typical cholangiographic picture of biliary strictures, 
dilatations, and intraductal cast formation[9,10]. NASs 
are more diffuse and involve the hilum and multiple 
separate levels of segmental branch ducts[11]. In NASs, 
biliary sludge can repeatedly accumulate proximal to 
the strictures, which leads to the formation of casts 
and a high incidence of cholangitis. Because the clinical 
outcomes of the two groups are markedly different, 
the classification is clinically useful[7]. 

Incidence and presentation time
The overall incidence of biliary complications in LDLT 
recipients ranges from 9% to 37%; leaks occur in 
5% to 19%, and strictures occur in 4% to 37%[3,12-18]. 
The incidence of biliary complications after liver 
transplantation decreased from 30% in the pioneering 
years to approximately 20% in the 1980s and is 
currently at 10%[7]. Although the frequency of biliary 
complications after liver transplantation is gradually 
decreasing, the rate of bile duct stricture in LDLT 
remains high, at 10%-37% compared with a rate of 
5%-15% in DDLT[18-22]. AS comprises the majority 
(> 90%) of biliary strictures after LDLT[18,19,21]. NAS 
in LDLT is less frequent than in DDLT (2%-10% vs 
5%-15%, respectively)[10,18,19,21,23,24]. Fortunately, the 
biliary stricture rates after LDLT have recently declined 
with center experiences because of improvements in 
organ selection, the surgical techniques of the biliary 
reconstruction, and post-operative care. Wang et al[3] 
reported that the studies published since 2008 have 
shown a dramatic drop in the overall incidence of 
biliary complications in LDLT recipients. Another recent 
study also showed that the decrease in the incidence 
of biliary strictures occurred during a more recent era 
(2006-2010), and there was a steady decline in the 
rate of biliary strictures in transplant patients from 
10.9% in 2007 to 3.4% in 2010[25]. 

Biliary strictures most frequently occur in the early 
postoperative period. The mean interval for developing 
a biliary stricture is 5-8 mo after transplantation[14,25]. 
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Within one year, 70%-87% of biliary strictures 
develop, and the increase in biliary stricture occurrence 
slows after 1 year[18,25,26]. The incidence of biliary 
strictures plateaus after approximately 3 years. NAS 
often presents earlier than AS, with a mean time to 
stricture development of 3-6 mo[10,27,28]. 

Causes and risk factors
Biliary complications after LDLT are more frequent than 
other complications because the bile duct epithelium is 
more vulnerable to ischemic changes than hepatocyte 
and vascular epithelia. LDLT is associated with more 
frequent biliary complications compared with DDLT 
due to a relatively smaller duct size, leading to a more 
technically difficult anastomosis and a higher chance of 
ischemic injury to the allograft[8].

There are many potential causes of biliary 
strictures, including impaired blood supply (such as 
hepatic artery thrombosis), technical errors during 
surgery, biliary anomalies, early bile leaks, organs from 
elderly donors, longer cold and warm ischemia times, 
postoperative acute cellular rejection, and long surgical 
duration[8,26,29]. In multivariate analyses, significant 
independent risk factors for the development of biliary 
stricture include donor age greater than 50 years, 
multiple bile ducts, hepatic artery stenosis, previous 
history of a bile leak, and a preoperative Model for 
End-Stage Liver Disease score of greater than or equal 
to 35[14,17,30,31]. Impaired blood supply causes damage 
to the bile duct. Because blood supply of the bile duct 
is mainly from the arterial system[32,33], skeletonization 
of the duct renders the bile duct ischemic[34]. Hepatic 
artery thrombosis can lead to complex hilar strictures 
because blood is supplied to the bile ducts solely via 
the hepatic artery[8]. Technical issues are considered 
among the most important etiological factors for AS 
and include improper surgical technique, such as 
overly extensive dissection of periductal tissue during 
procurement or excessive use of electrocautery 
for biliary duct bleeding control in both the donor 
and recipient, use of inappropriate suture material, 

a mismatch in duct size between the donor and 
recipient bile ducts, small caliber of the bile ducts 
(< 4 mm), and tension at the anastomosis[7,8,35,36]. 
Newly developed surgical techniques for preparing bile 
ducts for biliary anastomosis preserve the maximum 
blood supply to the bile ducts in both the donors and 
recipients[12,37-39]. Lin et al[40] reported that the use of 
microsurgical biliary reconstruction reduced the rate 
of biliary complications after LDLT to 7% and the rate 
of complications requiring intervention to 2.5%. The 
method of bile duct reconstruction and the number of 
reconstructed bile ducts may also affect the incidence 
of biliary stricture. Single duct-to-duct anastomosis 
(DDA) between the right hepatic duct of the graft 
to the common bile duct of the recipient showed a 
lower incidence of leakage but a higher incidence of 
stricture compared with other anastomotic types, 
including Roux-en-Y choledocho-jejunostomy (CJ) 
reconstruction[1,20,26,41]. Roux-en-Y is more beneficial 
than DDA from the viewpoint of arterial collateral 
formation on the duct stump of the graft[36]. Hwang 
et al[36] concluded that hepatico-jejunostomy (HJ) is 
suitable over DDA to reduce AS for right liver grafts, 
especially those involving ducts less than 4 mm in 
diameter. However, other studies have reported that 
there is no definite evidence that methods of bile 
duct reconstruction are related to AS[16,36], and there 
were no differences in the incidence of AS in DDA and 
HJ patients with LDLT[29]. DDA has the advantages 
of greater physiologic bilioenteric continuity, a lower 
incidence of leakage, easy endoscopic access to the 
biliary system, and preservation of the sphincter of 
Oddi, which plays a role in avoiding reflux of intestinal 
contents into the bile duct[14,42,43]. Therefore, DDA 
reconstruction is recognized as a favorable method 
and a standard technique for adult LDLT. Aberrant 
biliary anatomy and the presence of 2 or more ducts 
(which would need multiple biliary reconstructions) 
are significant risk factors for the development of 
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Figure 1  Anastomotic stricture after living donor liver transplantation. 
Endoscopic retrograde cholangiography shows a single, tight stricture located 
at the site of the biliary anastomosis (arrow).

Figure 2  Non-anastomotic strictures after living donor liver trans
plantation. Endoscopic retrograde cholangiography shows A biliary stricture 
at distal right posterior sectoral duct above the anastomotic site (A; arrow); 
A biliary stricture and dilatation at distal right anterior sectoral duct above the 
anastomotic site (B; arrows).
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Clinical features
Patients have various non-specific symptoms, such as 
anorexia, fever, pruritus, right upper quadrant pain, 
and/or jaundice. A high index of suspicion should be 
maintained, as pain is often absent in the transplant 
recipient because of hepatic denervation and immuno
suppression[42,55,56].

Laboratory studies
Studies have shown that biochemical abnormalities, 
including serum bilirubin, alkaline phosphatase, 
gamma-glutamyl transferase, and aspartate/alanine 
aminotransferase, may provide clues to the diagnosis 
of biliary stricture, even if patients are asymptomatic. 
However, it is unclear which studies are specific to biliary 
strictures vs vascular or hepatocellular complications. 
One study showed that a serum bilirubin > 1.5 mg/dL is 
a more sensitive indicator of biliary stricture, with 100% 
sensitivity and 74% specificity[57].

Imaging studies
The characteristic cholangiographic appearance of 
an AS shows a single, short, localized narrowing 
in the area of the biliary anastomosis. In NAS, 
cholangiography shows multiple strictures that are 
longer in length and proximal to the anastomosis in 
the extra or intrahepatic bile ducts, resembling primary 
sclerosing cholangitis[27,28,35]. 

Initial imaging studies for biliary strictures should 
include a liver ultrasound (US) with Doppler evaluation 
of the hepatic vessels to clarify vascular patency[8]. 
Hepatic angiography is needed when Doppler US 
indicates hepatic artery stenosis or occlusion. The 
biliary dilation identified on US serves as a marker of 
biliary strictures. However, the sensitivity and specificity 
of abdominal US to detect biliary strictures are not high 
as the 38%-66% range in liver transplant patients[22]. 
The presence or absence of biliary dilatation is not 
a reliable indicator of biliary stricture, particularly 
in the early postoperative period[58]. In addition, 
bile duct size is also unreliable for assessing the 
treatment response. Therefore, when a biliary stricture 
is strongly suspected, even without positive US 
findings, a cholangiogram should be performed[6,28,59]. 
Endoscopic US may have a role in the evaluation of 
biliary complications after liver transplantation, but it 
has limitations to evaluate proximal common bile duct 
and intrahepatic bile duct. Intraductal ultrasonography 
during endoscopic retrograde cholangiography (ERC) 
can help to detect or discriminate accompanying biliary 
stones or casts.

A hepatobiliary iminodiacetic acid scan can 
represent functional biliary imaging. It is considered 
excellent for biliary leaks, but its role in detecting 
biliary strictures is unclear. One study demonstrated 
that scintigraphy of the hepatobiliary tract using 99 
mTc mebrofenin detected biliary strictures with 62% 

biliary complications[1,31,44,45]. Kashyap et al[45] reported 
that the risk of developing biliary complications was 
5.9 times higher when the biliary anatomy was any 
type other than normal. However, in a recent study, 
there was no association between biliary strictures 
and the number of ducts[25]. In terms of the use of 
stents or T-tubes during transplantation, some have 
reported that bile leaks and cholangitis are higher 
in patients with T-tubes following DDA, while biliary 
strictures are higher in non-T-tube recipients[46-50]. 
However, other studies have shown that there was no 
significant difference in biliary complications according 
to the type of biliary stent used in DDA[1,20,51]. A 
recent meta-analysis revealed that biliary tract 
reconstruction with a T-tube does not increase the risk 
of cholangitis, and the T-tube can reduce the risk of 
biliary stricture in DDLT[52]. This study suggested that 
biliary reconstruction with a T-tube was still useful and 
necessary if the recipients had many risk factors for 
biliary stricture[52]. 

Although NAS were classified in the early 1990s 
according to the presence or absence of hepatic artery 
thrombosis (ischemic or non-ischemic type), the 
etiology of NAS is multifactorial and heterogeneous[22]. 
Peribiliary arteriolar endothelial injury results in 
irreversible microvascular thrombosis and the 
development of NAS[8]. Early ischemic strictures 
are associated with hepatic artery compromise, 
such as thrombosis. The main categories of 
NAS risk factors include ischemia-related injury, 
immunologically-induced injury, and cytotoxic injury 
induced by bile salts[7,10,27,53,54]. Ischemia-related 
injuries include cold or warm ischemia, hepatic 
arterial stenosis and thrombosis, donation after 
cardiac death, reperfusion injury, and injury of the 
peribiliary vascular plexus[7,10,27]. Immunological 
injury to the biliary epithelium is related to ABO 
incompatibility, chronic rejection, pre-existing immu
nologically mediated diseases, such as primary 
sclerosing cholangitis and autoimmune hepatitis, 
and chemokine polymorphisms[10,27]. Less important 
and inconsistent risk factors include hepatitis C and 
cytomegalovirus[10,27,53]. However, no specific risk factor 
can be identified in many NAS cases.

DIAGNOSIS OF BILIARY STRICTURE 
AFTER LDLT
It is challenging to differentiate biliary strictures as the 
cause of obstructive jaundice from the many other 
causes of cholestasis in LT patients, such as acute or 
chronic rejection, recurrence of the primary disease, 
fibrosing cholestatic hepatitis C, or medication-related 
cholestasis[8]. Patients often present with non-specific 
symptoms or are asymptomatic with laboratory 
abnormalities, and a diagnosis is therefore usually 
made on the basis of imaging studies[11].
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sensitivity and 64% specificity within 30 d, and no 
patient with normal scintigraphy required biliary 
intervention[60]. 

Computed tomography (CT) scanning is useful 
in evaluating non-biliary lesions and fluid collections 
due to bile leaks. Multidetector CT has higher spatial 
resolution compared with magnetic resonance imaging[3]. 
The sensitivity and specificity of conventional CT to 
diagnose bile duct strictures is not satisfactory[11]. 
CT with the intravenous administration of a biliary 
contrast medium (e.g., iodipamide meglumine) has 
proven to be efficient in assessing biliary anatomy[61,62], 
but the risk of allergic reactions with the biliary 
contrast medium is higher than that with conventional 
contrast medium. Therefore, its use is limited in many 
countries.

Magnetic resonance cholangiography (MRC) has 
gained widespread acceptance as a reliable noninvasive 
tool for detecting biliary strictures and stones. 
Recently, MRC has replaced invasive modalities, such 
as ERC[11]. MRC following US is recommended before 
ERC or percutaneous treatment if patients carry a 
higher procedural risk. Because of the inherent high 
contrast of the bile ducts, MRC can reliably identify 
most relevant biliary complications, including bile duct 
strictures[63]. MRC has a high sensitivity (94%-96%) 
and specificity (94%-95%), as shown in two recent 
meta-analyses[64,65]. MRC can provide detailed imaging 
of the entire biliary system both above and below the 
anastomosis, unlike contrast cholangiography with 
ERC or percutaneous transhepatic cholangiography 
(PTC), even if the bile ducts are completely obstructed 
or disconnected. MRC is also particularly valuable in 
patients with complex hilar or intrahepatic strictures 
and an anatomy for which direct cholangiography 
is difficult to perform[11]. Because MRC provides a 
detailed road map of the reconstructed bile ducts for 
interventional procedures or surgery, clinicians may 
make an optimal treatment plan to reduce morbidity 
by using MRC. The high negative predictive value 
of MRC has merit in excluding biliary complications 
in patients at low-to-moderate risk, thus avoiding 
unnecessary invasive procedures[63]. There are some 
disadvantages to MRC, and these include the lack of 
therapeutic ability, lack of availability, cost-effectiveness 
for everyday clinical practice, and false positive 
outcomes for biliary stenosis. MRC often demonstrates 
some biliary stenosis at the DDA, irrespective of clinical 
severity or significance, and has a limited ability to 
detect biliary sludge and small stones (< 5 mm). 

Biopsy 
Biopsy may suggest the presence of pathology, but it 
has a limited role[66]. A liver biopsy is often performed 
to exclude rejection or recurrent fibrosing cholestatic 
hepatitis C. In LDLT patients with biliary dilation or the 
presence of common bile duct stones, ERC is initially 
performed because of the risk of causing a bile leak, 

and a liver biopsy is warranted if there is no resolution 
of the cholestasis[8].

TREATMENT OF BILIARY STRICTURE 
AFTER LDLT
Over the past two decades, the management of biliary 
strictures has changed from surgical to endoscopic 
treatment. Unlike an AS, an NAS is more difficult to 
treat and shows less favorable outcomes, including 
increased graft loss and death[7]. A team approach, 
including hepatologists, endoscopists, transplant 
surgeons, and interventional radiologists, results in the 
most effective and efficient treatment approach for 
these patients[8].

Endoscopic retrograde cholangiography 
ERC is the mainstay of treatment. Endoscopic manage
ment in LDLT recipients may be quite difficult because 
of the complex nature of duct-to-duct reconstruction[8]. 
ERC has the advantage over PTC as it allows for the 
placement of multiple large-caliber stents, and it is 
more physiological and less invasive. In general, ERC 
is considered the first therapeutic treatment in patients 
with DDA. 

Endoscopic treatment for biliary strictures includes 
biliary sphincterotomy, balloon dilation of the stricture, 
and stent placement (Figure 3)[3]. It had long been 
debated whether balloon dilation alone or balloon 
dilation with stent placement is superior for the 
treatment of biliary strictures. Although stent placement 
can be associated with a higher complication rate[67], 
many studies have demonstrated the superiority 
of balloon dilation with stent placement compared 
with balloon dilation alone[67-69]. This leads to a 
general consensus that balloon dilation with biliary 
stent placement is more effective and has durable 
outcomes[68,69]. 

Endoscopic treatment in LDLT patients may 
be more challenging than in DDLT patients. The 
endoscopic treatment of AS is less successful in LDLT 
patients (58%-76%) compared with DDLT patients 
(80%-90%)[3,14,70-72]. This lower success rate for LDLT 
patients is attributed to small-caliber/multiple/complex 
anastomoses or twisted biliary structures that likely 
result from anastomotic fibrosis and hypertrophy of 
the transplanted liver[3]. When the bile duct above the 
stricture is not distended enough or the stricture is 
too tight or too long for stent placement, endoscopic 
therapy will not be successful[34,73]. According to the 
morphology of strictures, pouched type strictures are 
the most difficult type to manage with endoscopy[34]. 
Patients with transient narrowing of the anastomosis 
within the first 1-2 mo after liver transplantation, 
mainly due to postoperative edema and inflammation, 
may respond by endoscopic treatment without the 
need for further treatment[6]. However, the failure rate 
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of primary endoscopic therapy may be high in patients 
with late onset and delayed diagnosis of biliary 
stricture after LDLT[31]. 

Most patients with AS after DDLT require multiple 
endoscopic sessions every 3 mo with balloon dilation 
of 6-10 mm and the placement of multiple stents of 7 
Fr to 11.5 Fr for 12-24 mo to prevent stent occlusion, 
stone formation, and bacterial cholangitis[56,70,74,75]. 
Because of the small caliber of the donor duct, patients 
with LDLT often require more sessions of endoscopic 
therapy with the placement of multiple and smaller 
caliber (7 or 8.5 Fr) stents[11]. One study concluded 
that a more aggressive strategy in DDLT patients using 
the placement of the maximum possible number of 
large diameter stents with accelerated biliary dilation 
every 2 wk yielded a shorter total length of stenting 
and a higher success rate (87%)[74]. However, this 
strategy has some limitations in LDLT patients because 
of complex and small-caliber biliary anastomoses. 
Tabibian et al[76] described long-term maximal stent 
therapy with a 94% success rate, in which the stents 
are exchanged only when signs or symptoms of biliary 
obstruction are detected. This strategy differs from 
general practice and needs to be evaluated in LDLT 
patients. At the time of the ERC, careful study of the 
donor cholangiograms is also very useful in detecting 
biliary anomalies[34]. With advanced techniques, some 
useful instruments for ERC have been introduced, such 
as steerable ERC cannulas (e.g., SwingTip cannula, 
Olympus EndoTherapy, Tokyo, Japan) and multiple 

guidewires (e.g., VisiGlide, Olympus)[11]. When the 
strictures are too tight to insert a balloon dilator 
or stent, the Soehendra biliary dilation catheter or 
Soehendra stent retriever (Wilson-Cook Medical GI 
Endoscopy, Winston-Salem, NC, United States) is 
useful to dilate the stricture site[77]. 

Endoscopic sphincterotomy is usually performed 
during ERC for the treatment of AS. Yasumi et al[78] 
suggested that endoscopic treatment without ES may 
be a more preferable choice in liver transplant patients 
because multiple, large, internal stents within the 
choledochus can avoid compression of the pancreatic 
orifice, and enterobiliary reflux should be avoided as 
much as possible after removing the stents (as well as 
during the stent placement). This has a point because 
transplant patients have increased vulnerability to 
infections due to immunosuppressive therapy. Kurita et 
al[79] recently reported that endoscopic stent placement 
above the intact sphincter of Oddi for biliary strictures 
after LDLT achieved long-term stent patency and a 
high remission rate in patients with a biliary stricture. 
However, endoscopic sphincterotomy has some ad
vantages in dilating the stricture, placing the stents, 
and/or removing the stones via the sphincterotomied 
ampulla in repeated endoscopic sessions. There is still 
a lack of evidence of the increase in cholangitis- or 
pancreatitis-related sphincterotomy in liver transplant 
patients. 

Endoscopic therapy is also first-line for NAS 
treatment, but the outcomes are less satisfactory. 
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Figure 3  Endoscopic treatment for anastomotic stricture. Endoscopic retrograde cholangiogram shows an anastomotic stricture (A); balloon dilation of the 
stricture (B); Two 7 Fr plastic stents are placed across the stricture (C); Endoscopy shows the distal ends of two plastic stents (D).
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NAS are more resistant to endoscopic treatment, 
with a reported success rate of 25%-75%, whereas 
the success rate of endoscopic procedures for AS is 
77%-90%[19,28,70]. One study showed that the median 
duration of therapy was 185 d for NAS vs 67 d for 
AS, and 73% of NAS patients were stent-free 22 mo 
after the first endoscopic treatment compared with 
90% of the AS patients[80]. These results were seen 
in DDLT patients; thus, data in LDLT patients are 
still needed. Endoscopic therapy of NAS consists of 
dilation and stenting of multiple hilar and intrahepatic 
stenosis lesions, with replacement every few months 
and extraction of the biliary sludge or casts that may 
accumulate repeatedly[27]. The upstream duct of 
the hilar and intrahepatic ducts is often narrowed, 
which may limit the caliber of the biliary stent or the 
placement of stents. Because NASs tend to locate in 
multiple small intrahepatic ducts, balloon dilation of all 
strictures is frequently infeasible[35]. Although it is not 
general practice, a research has suggested improved 
efficacy for NAS and less cholangitis with the use 
of balloon dilation alone without stenting vs balloon 
dilation with stenting[11]. Typically, 4 to 6 mm balloon 
dilation is required in endoscopic therapy of NAS, 
compared with 6 to 8 mm for AS[8]. NAS often require 
multiple procedures because of a high recurrence 
rate, rapid stent occlusion, and recurrent cholangitis. 
Due to unsatisfactory outcomes of ERC, endoscopic 
treatment appears to play a role as a bridge to liver 
retransplantation[35].

The major shortcomings of endoscopic treatments 
as a standard of care in the management of biliary 
strictures are the need for multiple procedures 
repeated over extended periods of time and the risk 
of cholangitis resulting from stent occlusion. The 
self-expanding metallic stent (SEMS) has a larger 
diameter and a longer duration of patency. SEMS has 
been shown to be superior to plastic stents due to 
longer stent patency and a single required endoscopic 
session for malignant biliary strictures[81]. There is 
some experience in the temporary placement of 
SEMS for biliary stricture or leak to reduce the need 
for repeated stent exchanges[82-85]. Uncovered SEMS 
is rarely used because it induces inevitable reactive 
hyperplasia that can be accompanied by secondary 
stone formation above the stent, and removing the 
stent is a challenge[8]. In comparison, fully covered 
SEMS can almost always be removed endoscopically, 
as it is not embeded into the surrounding tissue 
(Figure 4)[8]. Although SEMS previously appeared to 
be a promising option in the endoscopic management 
of biliary strictures after liver transplantation, current 
evidence does not suggest a clear advantage of SEMS 
use over multiple plastic stents for biliary stricture 
after liver transplantation[86]. Migration is a major 
drawback of covered SEMS. A recent meta-analysis of 
SEMS for AS showed that the overall SEMS migration 
rate was significant (16%)[86]. Covered SEMS can also 
cause strictures in the bile duct, usually secondary to 

the anchoring point in the distal and proximal end[87]. 
When it is placed above the biliary bifurcation, SEMS 
may occlude secondary branch ducts, which limits its 
use[8]. 

ERC has the limitation of access in the Roux-
en-Y reconstruction. In specialized centers, newer 
endoscopic approaches can be successfully performed 
to access the biliary strictures using the double balloon 
enteroscope, single balloon enteroscope, variable 
stiffness colonoscope, and spiral overtube as an 
alternative form of PTC for Roux-en-Y patients[15,88-92]. 
Nonetheless, these relatively new techniques carry 
some risk of perforation and technical difficulties. These 
have not yet been established as a standard treatment. 

Bile duct stones or biliary casts are also problems 
frequently seen with biliary strictures during endo
scopic therapy. Stones usually form above the bile 
duct stricture or stenosis, and biliary stents are 
closely related with stone development. In addition, 
cyclosporine is known to promote supersaturation 
of bile and may contribute to the formation of biliary 
stones[8]. In one series, stones appeared a median 
interval of 12 mo after liver transplantation, and the 
stones occurred at the anastomotic site in 90% of 
stone patients[71]. In our previous report, biliary stones 
developed in 10.3% of LDLT patients, and recurrent 
common bile duct or intrahepatic duct stones were 
found in three of 11 NAS patients[18].

Percutaneous transhepatic cholangiography 
PTC is usually reserved for severely strictured or 
disconnected bile ducts that cannot be traversed by an 
endoscopic retrograde approach and for patients who 
have undergone Roux-en-Y reconstruction[15]. Although 
it is usually successful, percutaneous therapy is 
regarded as a second-line alternative measure because 
of its invasive character and its limitation by the size 
of the percutaneous catheter, which causes the patient 
discomfort and inconvenience. The other associated 
complications include bleeding, pseudoaneurysm of the 
hepatic artery, bile leaks, infection, arterioportal fistula, 
and portal vein thrombosis[70,93]. If the intrahepatic 
ducts are not dilated and cannulation under ultrasound 
guidance is difficult, the risk of vascular injury is 
higher. The risk of hepatic artery injury with PTC was 
2.2% in one study[94]. Gwon et al[95] recently developed 
a technique using the dual catheter placement 
technique, namely 2 drainage catheters inserted via 
a single percutaneous tract. They achieved clinical 
success in 98.7% of 79 LDLT patients with AS. 

Rendezvous technique
The Rendezvous technique is an approach combining 
PTC and ERC, where access to the biliary tracts is 
obtained via a percutaneous transhepatic route followed 
by rendezvous endoscopy[90,96]. When the endoscopic 
approach to the AS is unobtainable, as in Roux-en-Y 
reconstructions, this technique can be a good option. 
As we previously reported, the rendezvous technique 
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is also a safe and useful method for the replacement 
of the PTBD catheter with the inside stent in patients 
with an angulated and twisted biliary stricture after 
LDLT with DDA[97]. The use of the Kumpe catheter 
as part of the rendezvous technique resulted in a 
shortened procedure time and an easier operation[58]. 
The rendezvous technique combining double-balloon 
endoscopy with percutaneous cholangioscopy has been 
introduced for the management of biliary stricture after 
LDLT with Roux-en-Y anastomosis[98].

Surgery
If patients have biliary strictures that are refractory 
to endoscopic or percutaneous treatment after repeated 
sessions, surgery should be conducted to prevent 
septic complications and graft failure[34]. One advan
tage of surgery is that it eliminates the need for 
multiple invasive procedures. Surgical management 
includes the repair of the biliary anastomosis, a 
conversion from a DD to an HJ anastomosis, and 
retransplantation[3,28,53,99,100]. Prior PTBD that remains 
in situ can guide the localization of the bile duct either 
by fluoroscopy or through the instillation of methylene 
blue[73]. The long-term surgical results have been good 
with sustained patient or graft survival[101-103].

PROGNOSIS
The time that an AS is identified is an important factor 
related to the prognosis. AS occurring less than 6 

mo after liver transplantation usually have a better 
response to treatment and have lower recurrence 
rates[6]. Pasha et al[104] reported that patients with early 
onset strictures occurring within 30 d of DDLT required 
a significantly shorter duration of endoscopic therapy 
and had a good prognosis[104]. AS occurring more than 
6 mo later usually have tight strictures with fibrosis 
and show high recurrence rates[6,70]. These findings 
were almost all from DDLT patients with AS. Therefore, 
further evidence in LDLT patients is still needed. Since 
biliary strictures after treatment often recur, long-term 
surveillance with periodic evaluation of liver enzymes 
and imaging studies is required. Hshei et al[2] reported 
that recurrent strictures were observed after initial 
treatment in 21% of LDLT patients, with a median 
time to recurrence of 9.5 mo, and all recurrences 
were successfully re-treated endoscopically. Overall, 
the long-term prognosis in terms of patient and 
graft survival in patients with AS who are treated 
appropriately is equivalent to those for matched 
controls without AS[80,105,106]. 

The prognosis of NAS is not as favorable as 
that of AS. NAS often requires significantly longer 
therapy than AS and carries a risk of secondary biliary 
cirrhosis. Graft survival is significantly lower in patients 
with NAS compared with matched controls without 
NAS[23]. However, the survival of patients with NAS 
has not changed significantly. The 5-year graft survival 
of patients with NAS was reported as 50%-70%, 
and 16% of patients were retransplanted[27,70]. In 
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a prospective study with 749 consecutive patients, 
the development of NAS significantly attenuated the 
graft but not patient survival[27]. Because of poor 
graft survival, early retransplantation is often needed. 
These results were seen in DDLT patients. The data 
concerning the prognosis of NAS in LDLT patients are 
still lacking. After the treatment of NAS, long-term 
surveillance is also required because NAS usually recur, 
and complications after treatment are common. Post-
treatment cholangitis often develops with sloughing of 
the biliary epithelium as a result of underlying ischemic 
or immunologic injury[35]. 

DONOR-ASSOCIATED BILIARY 
STRICTURE
In LDLT, donors are also at risk of developing biliary 
complications. The overall incidence of biliary 
complications in living liver donors ranges from 
0.4% to 13%, and the rates of biliary leaks and 
strictures range from 0% to 13% and from 0% to 6%, 
respectively[3,107-113]. Among 393 liver donors in the 
United States, common complications included biliary 
leaks (9%), bacterial infections (12%), incisional 
hernias (6%), and biliary strictures (2%)[111]. The rate 
of biliary strictures in donors is quite low compared 
with that in recipients, but it is significant because the 
donor has been healthy and he/she should recover 
completely after LDLT. A survey from 42 centers in the 
United States revealed that the biliary complication 
(biliary stricture or leak) rate in 449 right liver donors 
requiring intervention was 6%, reoperation rate 
was 4.5%, and the death rate was 0.2%[114]. The 
interventions in liver donors, including ERC, are not 
different from those of the recipients; however, the bile 
duct of the liver donor is usually not dilated. Thus, the 
intervention in liver donors requires more caution. 

NEW ATTEMPTS 
New types of balloons and stents will play a significant 
role in improving the management of biliary strictures. 
Balloon dilation has relatively high primary and 
secondary failure rates in patients with biliary strictures 
caused by highly resistant fibrotic changes. New 
peripheral cutting balloons may be useful in cases of 
failure of balloon dilation[115]. Paclitaxel-eluting balloons 
for endotherapy of AS has been introduced[116,117]. 
The possibility was suggested that paclitaxel-eluting 
balloons may reduce the need for frequent further 
invasive interventions. Arain et al[11] introduced the 
specialized biliary stents to overcome the limitations 
of stents in NAS. Their stents (Johlin pancreatic wedge 
stents, Cook Endoscopy) have a large-caliber, are long 
in length, are of a highly flexible nature, and have 
multiple side holes. These stents can be placed deep 
into the intrahepatic ducts, achieve adequate bile 
drainage through multiple side holes, conform to the 

tortuous contours according to the left hepatic ducts, 
and do not migrate. 

Advanced endoscopic techniques using direct 
cholangioscopy (e.g., the SpyGlass Direct Visualization 
System, Boston Scientific) allow direct visualization 
of the inner wall of the bile ducts and are currently 
available in selected centers. Direct cholangioscopy 
enables the placement of a guidewire across difficult-
to-traverse strictures under direct visualization[118,119]. 
It also may help to differentiate biliary stones from 
strictures and aid in the directed acquisition of tissues 
for sampling purposes[11]. Recently, direct per oral 
cholangioscopy using an ultra-slim (pediatric) forward-
viewing video endoscope has been performed in 
patients with favorable ductal and ampullary anatomy. 

Self-expanding stents made of bioabsorbable 
material has been attempted; this material has 
theoretical advantages, with longer patency and 
no need for further interventions. Studies in animal 
models have shown that bioabsorbable stents 
offer good patency, no proliferative change, good 
biocompatibility, and also have a self-clearing 
effect[120-122]. In addition, bioabsorbable stents can 
be impregnated with pharmaceutical compounds, 
such as antimicrobial and antineoplastic agents[77]. In 
the future, the absorbable biliary stent tube may be 
clinically developed as a stent for biliary strictures. 

Muraoka et al[123] have introduced a magnetic com
pression anastomosis, which is a novel interventional 
method that creates an anastomosis between the 
dilated bile duct and small intestine. The method 
uses two strong magnets to compress the stricture 
transmurally, causing gradual ischemic necrosis of the 
stricture. This ischemic necrosis creates an anastomosis 
between the two magnets. This technique can be 
applied to completely obstructed or disconnected 
biliary strictures[124]. It may be an alternative to open 
surgery in select cases.

CONCLUSION
During the past 2 decades, there has been a signi
ficant decrease in the overall incidence of biliary 
complications after liver transplantation, including 
biliary strictures. The understanding of NAS and AS 
has been widening, and NAS is recognized as one of 
the most difficult biliary problems to manage. Because 
patients usually have non-specific symptoms, a high 
index of suspicion for the development of biliary 
stricture should be maintained in order to allow early 
recognition and early endoscopic intervention. MRC 
is the best non-invasive method to diagnose biliary 
strictures, and it has high sensitivity and specificity. 
Nonsurgical methods have become standard therapy for 
the treatment of biliary strictures in most instances. 
Endoscopic management is generally very effective 
and has a low incidence of procedure-related comp
lications. Repeated endoscopic dilation with the 
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placement of multiple plastic stents is the preferred 
first-line treatment for biliary strictures, avoiding the 
need for percutaneous transhepatic approaches and 
surgical management. Technological advances with 
newer endoscopic techniques or instruments, such 
as direct cholangioscopy and deep enteroscopy; 
removable, fully covered metallic biliary stents; and 
an increasing array of ERC accessory devices, have 
continued. They may offer the opportunity to widen the 
indication of endoscopic treatment of post-transplant 
biliary strictures and to manage them more efficiently 
in the future. Finally, transplant hepatologists, endo
scopists, transplant surgeons, and interventional 
radiologists should adopt a team approach, which will 
ultimately result in the best treatment outcomes for 
biliary strictures after liver transplantation. 
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