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Interventional treatment of a biliary stricture after adult right-lobe
living-donor liver transplantation with duct-to-duct anastomosis
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Abstract
Backgroud: A biliary stricture is the most common complication after living-donor liver transplantation

(LDLT). The present study was performed to examine treatment methods and outcomes after treatment

for a biliary stricture after LDLT.

Methods and Results: From January 2000 to December 2010, 488 patients underwent LDLT using the

right lobe with duct-to-duct anastomosis at our transplantation centre. Overall biliary strictures were

detected in 160 patients (32.8%), and the majority occurred within 2 years after LDLT. Biliary strictures

were related to bile leakage (P < 0.001) and the urgency of the surgery (P = 0.012) in a multivariate

analysis. All biliary strictures were treated with interventional modalities including an endoscopic or a

percutaneous approach. Failure of interventional treatment was demonstrated in 13 patients (8.5%),

among them, four (2.6%) underwent re-transplantation and nine (5.9%) died of sepsis and biliary cirrhosis

during the follow-up period. A biliary stricture was not related to the survival rate (P = 0.586).

Conclusion: The incidence of overall biliary stricture was related to bile leakage and the urgency of the

surgery. All biliary strictures could be treated by interventional modalities. These approaches are effective,

complementary and help to avoid the need for surgery for a biliary stricture.
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Introduction

Since living-donor liver transplantation (LDLT) was first reported
in 1988, LDLT using the right lobe has become a standard treat-
ment modality for end-stage liver disease in adults.1,2 There are
two methods of biliary reconstruction in LDLT using the right
lobe. Roux-en-Y hepaticojejunostomy (RYHJ) is preferred for
paediatric LDLT cases because the recipient bile duct is too small
or because of the presence of underlying liver disease (e.g. biliary
atresia). Duct-to-duct anastomosis has recently become the pre-
ferred option for adult LDLT cases because the sphincter of Oddi
is preserved, physiological bilioenteric continuity is maintained, it
is technically easier and endoscopic treatment is possible for
biliary complications.3,4 Among the complications occurring after
LDLT using the right lobe, biliary complications are the most
common and may become a significant cause of morbidity and
mortality in LDLT patients. The incidence of biliary leakage and

stricture after LDLT using the right lobe are reportedly 4.7% to
18.2% and 8.3% to 31.7%, respectively.5–9 The development of
biliary strictures is influenced by various factors including ana-
tomical biliary variation of the graft, the reconstruction method,
organ preservation, hepatic artery thrombosis, chronic rejection,
and other recipient and donor characteristics.10

In the past, most biliary strictures were treated surgically. Inter-
ventional treatment has the disadvantage of requiring repeated
procedures. Surgical treatment has the advantage of being defini-
tive for biliary stricture. However, interventional treatment,
including percutaneous and endoscopic approaches, has been pri-
oritized during the past two decades because these procedures are
less invasive and more convenient for the patient. Surgical treat-
ment is performed when all interventional treatments have
failed.11,12

There have been several previous reports of a biliary stricture
and its risk factors in LDLT patients, but reports of long-term
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outcomes of patients with a biliary stricture are limited. Indeed,
the numbers of patients who underwent LDLT with duct-to-duct
anastomosis in these reports are also limited. In this study, we
evaluated retrospectively the incidence of a biliary stricture, its
contributing factors, and the treatments and outcomes of biliary
stricture in patients who underwent LDLT with duct-to-duct
anastomosis at a single transplant centre.

Patients and methods
Patients
From January 2000 to December 2010, a total of 488 patients
underwent adult LDLT using the right lobe with duct-to-duct
anastomosis at our transplant centre. The medical records of the
patients were retrospectively reviewed. This study was approved
by the Institutional Review Board of Seoul St. Mary’s Hospital,
Catholic University of Korea. Among the 488 patients, 347
(71.1%) were male and the mean age was 49.1 � 9.3 years. The
mean body mass index (BMI) was 23.8 � 3.1 kg/m2. The mean
Model for End-stage Liver Disease (MELD) score was 17.3 � 9.7.
The most common etiology of liver transplantation was hepatitis
B (n = 353, 72.3%), followed by alcohol consumption (n = 46,
9.4%) and hepatitis C (n = 20, 4.1%). The number of patients on
the high-urgency list (UNOS status I and IIA13) was 68 (13.9%).
The mean follow-up period was 45.7 months (Table 1).

Biliary reconstruction method
During the recipient surgery, a hilar dissection was carefully per-
formed to preserve an adequate blood supply to the bile duct. Care

was taken to minimize dissection of the hilar region in the recipi-
ent. After hepatic vascular anastomosis, a biliary reconstruction
was performed. The method of biliary reconstruction was chosen
according to the number and size of graft duct openings and the
anatomical variation of the biliary system. Duct-to-duct anasto-
mosis was preferred, if possible. When the two orifices were closely
located, a single duct-to-duct anastomosis was performed using
ductoplasty. In contrast, when the two orifices were distantly
located, a double end-to-end anastomosis was performed by anas-
tomosing each orifice to the left and right hepatic ducts separately.
The duct-to-duct anastomosis was performed using 6-0 polydiax-
anone. The posterior wall is usually sutured using continuous
sutures and the anterior wall using interrupted sutures under 4¥
magnification. Initially, T-tube placement was usually performed,
but since 2005 it has only been performed in selective cases of
complex anastomosis owing to biliary variations and recently it
has hardly been used.

Post-operative care
All of the patients were treated with a standardized post-
operative protocol. Doppler ultrasound was performed every
other day during the first week, and weekly during the first
month. On the 7 and 20th post-operative days, follow-up liver
computed tomography (CT) scans were performed for evalua-
tion of vascular status and liver regeneration. On the 20th post-
operative day, magnetic resonance cholangio pancreatography
(MRCP) was performed to evaluate the biliary status. CT scans
were performed annually thereafter or in the presence of abnor-
mal clinical conditions. MRCP was performed when biliary com-
plications were suspected. A biliary stricture was diagnosed when
stenosis of the bile duct and dilatation of the intrahepatic duct
proximal to the stricture were observed on abdominal CT or
MRCP and when liver biochemical parameters, such as serum
bilirubin, alkaline phosphatase and g-glutamyl transferase, were
abnormal. The outcomes were divided into success and failure.
The treatment success group included the patients who reached
stent-free status and the patients who had a stent with normal
liver biochemical parameters.

Management of biliary stricture
Whether endoscopic retrograde biliary drainage (ERBD) or per-
cutaneous transhepatic biliary drainage (PTBD) is chosen as the
first treatment after diagnosis of a biliary stricture depends on the
status of the biliary stricture and the patient’s condition. In
general, ERBD is recommended as the first approach. In this study,
patients in whom endoscopic treatment failed were rescued with
PTBD. If primary or rescue PTBD was successfully performed
with internal drainage, the PTBD catheter was changed to an
ERBD stent using the rendezvous technique. After successful
insertion of the stent, follow-up ERBD was performed within 6
months. During the follow-up ERBD, the previous stent was

Table 1 Clinical parameters of the study population

Parameter Data

No. of patients, n 488

Mean age (years)a 49.1 � 9.3

Male, n (%) 347 (71.1%)

Aetiology, n (%)

Hepatitis B 353 (72.3%)

Hepatitis C 20 (4.1%)

Alcohol 46 (9.4%)

BMI (kg/m2)a 23.8 � 3.1

MELD scorea 17.3 � 9.7

GRWR (%)a 1.28 � 0.32

Fatty change in graft (>10%), n (%) 51 (10.5%)

Urgency of operation, n (%)b 68 (13.9%)

Operative time (min)a 666.8 � 117.6

Blood transfusion (units)a 13.6 � 7.8

Follow-up duration (mo)a 45.7 � 35.5

BMI, body mass index; MELD, Model for End-stage Liver Disease;
GRWR, graft-to-recipient body weight ratio.
aValues shown are means � standard deviation except where otherwise
stated.
bUrgency of operation included UNOS I & IIA.
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removed or changed to a new stent. Patients in whom ERBD and
PTBD failed underwent magnetic compression anastomosis.

ERBD
ERBD was performed using a video duodenoscope (Ed-450XT5;
Fujinon, Saitama City, Saitama, Japan) with the patient in a prone
position. The bile duct was cannulated and a fluoroscopic image
was obtained using a contrast agent to evaluate the type and site of
the stricture. An attempt to advance the guidewire past the stric-
ture site was made, and when difficult, a smaller-gauge guidewire
was used. After guidewire passage, a bougination catheter or
balloon catheter was used to attempt dilatation of the stricture
site. Next, we tried to insert as many stents (7–11.5 F in diameter,
10–16 cm in length; Wilson-Cook Medical, Achenmuhle,
Germany) as possible, with the largest diameters possible. A minor
sphincterotomy was performed in all patients in whom an ERBD
stent was inserted.

PTBD
Intrahepatic duct dilatation was identified using ultrasonography
with the patient in a supine position. Under fluoroscopic guid-
ance, a 21-G Chiba needle was used to puncture the dilated int-
rahepatic duct. After insertion of a 0.018-inch hairwire, a yellow
sheath followed by a 0.035-inch guidewire was introduced. A
tubogram was performed to identify the stricture, and an 8-F
pigtail catheter was inserted so that the tip was placed in the
common bile duct (CBD) or duodenum.

Rendezvous method
When a PTBD catheter was inserted past the stricture site and
internal drainage was being performed, the rendezvous method
was used to change the PTBD catheter to an ERBD catheter. First,
the PTBD catheter was used to perform a cholangiogram. A
guidewire (0.035-inch Jagwire; Boston Scientific, Natick, MA,
USA) was inserted through the PTBD catheter so that the tip was
placed in the duodenum, and the PTBD catheter was removed.
Using a duodenoscope, the guidewire passing through the
ampulla down to the duodenum was identified. A bottle-top
metal-tip ERBD catheter (MTW Endoskopie, Wesel, Germany)
was passed along the guidewire through the stricture site, and the
guidewire was removed. The subsequent procedure was the same
as that for ERBD explained above.

Magnetic compression method
After insertion of a PTBD catheter, the tract was dilated to 18 F.
Using ERBD, a self-expendable metal stent was inserted into the
CBD. A magnet was placed in the CBD, distal to the stricture site.
Another magnet was placed proximal to the stricture site through
a percutaneous tract. As the magnets became approximated over
time, simple abdominal films were taken to check the location of
the magnets every 2 weeks. If a new tract was successfully formed,

the magnets passed naturally through the body. The internal
drainage catheter was inserted through the recanalized anastomo-
sis site.

Statistical analysis
Continuous variables are reported as means � standard devia-
tion. To evaluate the risk factors for a biliary stricture, univariate
analysis of risk factors was performed using a chi-square test for
categorical variables and Student’s t-test for continuous variables.
Variables that appeared to be significantly associated with biliary
stricture (P < 0.05) were entered into a multivariate analysis using
binary logistic regression. Overall survival was calculated using
the Kaplan–Meier method and evaluated with the log-rank test.
Statistical analysis was performed using SPSS (Chicago, IL, USA)
18.0 for Windows. A P-value < 0.05 was considered to indicate
statistical significance.

Results
Anatomical biliary variation and the method for
biliary reconstruction
According to Couinaud’s classification of biliary anatomy, the
grafts of 342 patients (70.1%) were type 1 (no variation), those of
33 patients (6.8%) were type 2 (trifurcation of the bile duct), those
of 57 patients (11.7%) were type 3 (right posterior duct drains
into the left hepatic duct) and those of 56 patients (11.4%) were
type 4 (right posterior duct drains into the common hepatic duct)
(Fig. 1). A total of 146 patients (29.9%) had multiple bile duct
openings in the graft, including 134 patients who had two open-
ings, 10 patients with three openings and two patients with four
openings.

Type I, n = 342 (70.1%)

Type III, n = 57 (11.7%) Type IV, n = 56 (11.4%)

Type II, n = 33 (6.8%)

Figure 1 Anatomical variation of the right hepatic duct
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In all 342 patients with a single-duct opening, single duct-to-
duct anastomosis was performed. In 96 (71.6%) of the 134 patients
with a double-duct opening, a ductoplasty was performed, and
single anastomosis to the recipient CBD was performed. In the
remaining 38 patients (28.4%), double duct-to-duct anastomosis
using the left and right hepatic ducts separately (or to the common
hepatic duct or cystic duct) was performed. In five of the 10 patients
with three right bile duct lumens, ductoplasty double duct-to-duct
anastomosis was performed. In the remaining five patients, a duc-
toplasty (three lumens) duct-to-duct anastomosis was performed.
In both patients with four right bile duct lumens, double-plasty
double duct-to-duct anastomosis was performed.

Overall incidence of biliary stricture and risk factors
Biliary strictures were observed in 160 patients (32.8%). The
majority (96.3%) of biliary strictures occurred within 2 years after
liver transplantation. The cumulative incidences of a biliary stric-
ture in 1, 2, and 5 years were 26.8%, 31.4% and 32.6% respectively.
According to the univariate analysis, the urgency of the surgery
(UNOS status I and IIA) (P = 0.032), multiple openings of the
graft bile duct (P = 0.033), the use of ductoplasty (P = 0.026) and
a history of bile leakage (P < 0.001) were significantly associated
with biliary stricture (Table 2). These four factors were entered
into a multiple logistic regression analysis. Urgency of the surgery
(UNOS status I and IIA) [odds ratio (OR), 2.003 (1.164–3.439),

P = 0.012] and a history of bile leakage (OR, 4.566 (2.758–7.558),
P < 0.001) were found to be significant factors associated with a
biliary stricture (Table 3). Patient age, donor age, BMI, Child
score, MELD score, the graft-to-recipient body weight ratio and
the severity of fatty change in the graft were not significantly
different between the two groups of patients. Biliary variation, bile
duct size, use of a T-tube, operation time and the blood transfu-
sion volume were not significant factors for a biliary stricture. Also
hepatic artery thrombosis history was not a significant factor for a
biliary stricture. When there were two lumens (n = 134), the
frequency of a biliary stricture in the ductoplasty group (n = 96,
71.6%) and the double duct-to-duct group (n = 38, 28.4%) was
41.7% and 34.2% respectively, with no significant difference
(P = 0.426).

Table 2 Univariate analysis of factors associated with a biliary stricture

Factor Stricture (n = 160) Non-stricture (n = 328) P-value

Patient age (years)a 50.0 � 8.9 48.7 � 9.3 0.134

Patient; male, n (%) 121 (75.6) 226 (68.9) 0.124

Donor age (years)a 34.4 � 10.9 32.7 � 11.2 0.122

Donor; male, n (%) 96 (60.0) 220 (67.1) 0.125

BMI (kg/m2)a 23.6 � 2.7 23.8 � 3.2 0.494

Child scorea 9.4 � 2.5 9.4 � 2.4 0.974

MELD score (>25), n (%) 40 (25.0) 71 (21.6) 0.407

Urgency of the surgery, n (%) 30 (18.8) 38 (11.6) 0.032

GRWR (<1%), n (%) 29 (18.1) 53 (16.2) 0.585

Fatty change (>10%), n (%) 20 (12.5) 31 (9.5) 0.301

Biliary variation, n (%) 51 (31.9) 89 (27.1) 0.277

Multiple duct opening, n (%) 58 (36.2) 88 (26.8) 0.033

Bile duct size (mm)a 4.37 � 1.59 4.70 � 1.80 0.255

Ductoplasty, n (%) 45 (28.1) 63 (19.2) 0.026

Double anastomosis, n (%) 13 (8.1) 25 (7.6) 0.846

T-tube insertion, n (%) 52 (32.5) 134 (40.9) 0.074

Operation time (min)a 628.8 � 98.4 643.3 � 125.9 0.201

Blood transfusion (units)a 13.7 � 7.1 13.5 � 8.1 0.855

Bile leakage, n (%) 53 (33.1) 32 (9.8) <0.001

Hepatic artery thrombosis, n (%) 4 (2.5%) 8 (2.4%) 0.967

Urgency of the surgery included UNOS I & IIA. BMI, body mass index; MELD, Model for End-stage Liver Disease; GRWR, graft-to-recipient body
weight ratio.
aValues shown are means � standard deviation except where otherwise stated.

Table 3 Multivariate analysis of factors associated with a biliary
stricture

Factor Odds ratio (95%
confidence interval)

P-value

Urgency of the surgerya 2.003 (1.164–3.439) 0.012

Multiple duct openings 0.792 (0.384–1.634) 0.528

Bile leakage 4.566 (2.758–7.558) <0.001

Ductoplasty 1.625 (0.736–3.588) 0.229

aUrgency of the surgery included UNOS I & IIA.
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Treatment and clinical outcome of biliary stricture
The median time of first interventional treatment from LDLT was
6 months, the mean number of biliary interventions was 3.2
(range, 1 to 11) and the median interval time between interven-
tions was 4 months (range, 1 to 33).

Excluding the seven patients lost to follow-up, of the 153
patients with a biliary stricture, 65 initially underwent ERBD
(42.5%) and 88 initially underwent PTBD (57.5%) (Fig. 2). Of the
65 patients who underwent ERBD, 53 (81.5%) had a stent inserted
through the ERBD, 12 (18.5%) of whom could not undergo endo-
scopic treatment because of difficulty in accessing the papilla of
Vater and passing a guidewire through the tight anastomotic stric-
ture. Of the 12 patients who could not undergo endoscopic treat-
ment, eight underwent PTBD, three underwent re-transplantation
and one died. Of the eight patients who underwent PTBD, five
were treated successfully with PTBD, ERBD and the magnetic
compression method, and three died. Of the patients treated with
ERBD, interventional treatment failed in seven patients (10.8%).
Of these seven patients, three underwent re-transplantation and
four (6.2%) died.

A total of 88 patients (57.5%) with a biliary stricture were
initially managed with PTBD. Sixty-three (71.6%) of them were
managed using the rendezvous method, 19 (21.6%) were treated
solely with PTBD and treatment failed in six (6.8%). Of these six
patients, one underwent re-transplantation and five (5.7%) died.
Of the 63 patients who underwent the rendezvous method, 58
(92.1%) were successfully treated with this procedure alone. The
remaining patients were treated with other procedures such as
PTBD and the magnetic compression method. Three patients in
whom PTBD and endoscopic retrograde cholangiopancreatogra-
phy (ERCP) had both failed as a result of complete obstruction at
the anastomosis site were all successfully re-canalized using the
magnetic compression method (Fig. 3).

All patients with a biliary stricture could be treated by inter-
ventional modalities such as endoscopic, percutaneous or both.
Interventional treatment failed in 13 patients (8.5%), of whom
four survived with re-transplantation and nine (5.9%) died. The
cause of death was biliary sepsis owing to recurrent cholangitis
and a liver abscess as well as graft failure because of biliary cirrho-
sis. Treatment failure occurred mostly in the early period of our
transplantation experience, and since 2007, there were no deaths
as a result of a biliary stricture. The patients with biliary strictures
had 1-, 3-, and 5-year overall survival rates of 93.7%, 85.0% and
82.4%, respectively, whereas the patients without biliary strictures
had overall survival rates of 91.2%, 87.7% and 86.3%, respectively.
There were no significant differences in overall survival rates
between the two groups (P = 0.586) (Fig. 4).

Discussion

Biliary complications after LDLT are considered to be the techni-
cal Achilles’ heel of liver transplantation because of their high
frequency, the need for long-term and repeated treatment, and
the potential detrimental effects on graft and patient survival.
Although there have been recent improvements in donor selec-
tion, organ preservation, surgical techniques and immunosup-
pressive management, biliary strictures are still the most common
complication after liver transplantation.5,6 Compared with
deceased-donor liver transplantation (DDLT), biliary complica-
tions occur in LDLT more often than in DDLT.14–16 This is consid-
ered to be related to the blood supply of the anastomosis and the
multiple small ducts of the grafts. Because the diameter of the bile
duct anastomosis is larger, the ischaemic time is longer and the
liver quality is poorer in DDLT, multiple intrahepatic bile duct
strictures are more common than anastomotic strictures. In con-
trast, anastomotic strictures owing to anastomosis of a small bile

Biliary stricture (n = 153)

ERBD
(n = 65, 42.5%)

PTBD
(n = 88, 57.7%)

Successful
(n = 53, 81.5%)

Failure
(n = 12, 18.5%)

Failure
(n = 6, 6.8%)

Successful
(n = 19, 21.6%)

Successful
(n = 58, 92.1%)

Successful
(n = 3)

ERBD
(n = 63, 71.6%)

ERBD
(n = 1)

ERBD
(n = 1)

Magnetic
(n = 1)

Magnetic
(n = 1)

PTBD
(n = 8)

Re-LTx
(n = 3)

Re-LTx
(n = 1)

Expire
(n = 1)

Expire
(n = 5)

Expire
(n = 3)

Figure 2 Treatment and clinical outcomes in 153 patients with a biliary stricture after living-donor liver transplantation. ERBD, endoscopic

retrograde biliary drainage; PTBD, percutaneous transhepatic biliary drainage; Re-LTx, re-transplantation; Magnetic, magnetic compression

method
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duct are much more common in LDLT. Because of these well-
known advantages, we prefer duct-to-duct anastomosis when the
recipient duct is not diseased. Akamatsu et al.16 reported that
duct-to-duct anastomosis was the procedure of choice in most
institutions (73%) and in most patients (92%) in DDLT popula-
tions, whereas many institutes still adopted bilioenterostomy for a
considerable proportion of LDLT patients (31%).

The incidences of biliary leakage and stricture after LDLT using
the right lobe are reportedly 4.7% to 18.2% and 8.3% to 31.7%,
respectively,5–9 with considerable variation between reports. This
is thought to result from the differing definitions of a biliary
stricture. In the present study, the biliary stricture rate was 32.8%.
This rate is somewhat higher than that in other studies, probably
because we used a relatively wider range of diagnosis. The devel-
opment of biliary strictures has been reported to be related to
many conditions, including anatomical biliary variations of the

graft, the method of bile duct reconstruction, prolonged cold
ischaemic time, hepatic artery thrombosis, blood group incom-
patibility, cytomegalovirus infection, the use of reduced-size
grafts, the use of the University of Wisconsin solution, chronic
rejection and other recipient and donor characteristics.8–10 Biliary
leakage is reportedly one of the most important factors in the
development of biliary strictures.10 In the present study, a history
of bile leakage was found to be significantly associated with a
biliary stricture in multivariate analysis. The urgency of trans-
plantation was also significantly associated with a biliary stricture
in the present study. These findings indicate that emergency
surgery is a high-risk factor of a biliary stricture because of an
insufficient understanding of the biliary anatomy of LDLT donors
and the difficulties in selection of an optimal donor. According to
Liu et al.,17 the high-MELD-score group (>35) had significantly
more biliary complications (50% versus 13%, P = 0.044), and

Figure 3 Magnetic compression method in patients with complete biliary obstruction after living-donor liver transplantation. (a) Complete

obstruction of a relatively long bile duct in cholangiography. (b) A magnet combined with a polypectomy snare was delivered via endoscopic

retrograde cholangiopancreatography (ERCP) through the common bile duct. Another magnet was fixed to an alligator forceps and moved

toward the anastomosis site through a percutaneous tract. (c) The magnets were approximated. (d) Two endoscopic retrograde biliary

drainage (ERBD) catheters were inserted through the re-canalized tract
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although statistically non-significant, the high-urgency transplan-
tation group had a tendency to suffer more biliary complications
(36% versus 11%, P = 0.075). An accurate pre-operative evalua-
tion of the biliary anatomy in LDLT donors and establishment of
an appropriate surgical design can minimize biliary complications
in recipients. In the present hospital, pre-operative contrast-
enhanced MRC and intra-operative cholangiography in elective
LDLT are routinely performed.

Surgical and interventional treatments are available for biliary
strictures. Although surgical treatment has the advantage of the
possibility of a definite cure, because it is a second operation,
identification of the anastomosis and re-anastomosis can be tech-
nically difficult, and surgical complications may occur. On the
other hand, interventional treatment is less invasive and more
comfortable for the patient. Because of this, surgical treatment is
reserved for patients in whom all modalities of interventional
treatment have failed. The two main options of interventional
treatment are ERBD and PTBD. ERBD has several advantages
compared with PTBD. ERBD involves fewer complications during
and after the procedure, but cannulation can be relatively difficult.
During transplantation surgery, the site of bile duct anastomosis is
generally linear. However, because LDLT is a partial transplanta-
tion with rapid regeneration of the graft liver, the bile duct anas-
tomosis site tends to angulate to the right, making cannulation
past the anastomosis site difficult. In addition, if the cannulation
is not performed past the stricture site, the contrast agent can
cause cholangitis. The PTBD catheter reduces the patient’s quality
of life and induces catheter-related complications such as leakage,
pain, infection and accidental removal of the catheter. Occasion-
ally, it can even cause vessel injury, resulting in serious complica-
tions such as vascular occlusion. However, cannulation past the
anastomosis site is relatively easy to perform. Although ERBD
reportedly has a success rate and patency similar to those of
PTBD,18,19 in this study, the cannulation failure rate was higher in

ERBD than in PTBD (18.5% versus 6.8%); the treatment failure
rate was also higher in ERBD (10.8% versus 6.8%). Recently, the
rendezvous method, which utilizes both of these procedures,
has been used frequently. The rendezvous procedure combines
the endoscopic technique with the percutaneous transhepatic
approach to increase the success rate of biliary tract cannulation
in cases in which previous endoscopic attempts have failed. In
earlier periods, the rendezvous method showed good results when
used on patients with choledocholithiasis that was difficult to treat
with ERCP.20,21 In our centre, based on this experience, the ren-
dezvous method was used to change the primary or rescue PTBD
to an ERBD catheter in patients with a biliary stricture after LDLT.
The results show that this method has a high success rate. The
rendezvous procedure was performed on 41% of all patients, and
all patients were treated successfully. The rendezvous procedure
has recently become the treatment of choice for biliary stricture in
our centre.

Patients in whom ERC and PTBD have failed to establish reca-
nalization must maintain an external PTBD catheter to support
life. In 1998, Yamanouchi et al.22 introduced magnetic compres-
sion anastomosis. In this procedure, transmural compression of
two magnets causes gradual ischaemic necrosis, creating a new
anastomosis. Later, Takao et al.23 and Mimuro et al.24 successfully
applied this method to patients with a benign CBD obstruction. In
our centre, this method is used on patients with a biliary stricture
after LDLT in whom both PTBD and ERCP have failed. Thus far,
three patients have undergone magnetic compression anastomo-
sis, and the biliary anastomotic stricture was recanalized success-
fully in all three.

Because the main cause of death when all interventional treat-
ments have failed is sepsis, prevention of infection is important.
In addition, when biliary cirrhosis causes graft dysfunction,
re-transplantation should immediately be considered. Most
deaths caused by a biliary stricture occurred in earlier periods,
when our experience was relatively lacking. There have been no
deaths as a result of a biliary stricture since 2007. One reason for
this improvement is that based on our accumulated experience,
we are now actively searching for biliary complications according
to a standardized protocol and aggressively treating any discov-
ered complications in the early stages. Second, through interde-
partmental consultations between LT-related teams, procedures
such as ERCP and PTBD have improved over time.

The interventional approach is mandatory in the management
of a biliary stricture. However, the long-term outcomes of a biliary
stricture after an interventional approach have not been clearly
defined, especially in patients who have undergone LDLT with
duct-to-duct anastomosis. This study showed that 104 (65.0%)
patients achieved a stent-free status with normal liver function
and that 36 (22.5%) patients were under treatment during the
mean follow-up period of 45.7 months. In addition, there were
no significant differences in overall survival rates between the
biliary stricture group and the non-biliary stricture group. This
shows that interventional modalities such as endoscopic and/or
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percutaneous approaches are effective and have an acceptable
long-term outcome.

In conclusion, a biliary stricture was related to bile leakage and
the urgency of the surgery. Because the majority of biliary stric-
tures occurred within 2 years after LDLT, careful follow-up is
required for patients with risk factors, especially within the first
2 years. All biliary strictures could be treated by interventional
modalities, such as endoscopic and/or percutaneous approaches.
These approaches are effective and complementary treatment
modalities that help to avoid the need for surgery.
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