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Background: Post-liver transplant biliary strictures are a common cause of morbidity
among patients who have undergone living donor liver transplantation (LDLT). Limited
data are available concerning the response rates to various treatment modalities and
the long-term outcomes for these individuals.

Methods: This study was a retrospective analysis of a prospectively collected database,
including adult patients aged 18 years or older who underwent LDLT between 2006 and
2022.

Results: Between 2006 and 2022, a total of 3,550 patients underwent liver transplan-
tation. After applying exclusion criteria, 2,956 patients were included in the analysis.
During the study period, 344 patients (11.6%) developed biliary strictures. Of these,
77.0% underwent endoscopic retrograde cholangiopancreatography as the primary
treatment for biliary strictures, while the remainder received percutaneous transhepatic
biliary drainage. Identified risk factors for post-liver transplant biliary strictures includ-
ed the presence of multiple biliary anastomoses, bile leak, and older donor and recipient
ages. The overall graft and patient survival rates were comparable between patients
with and without biliary strictures, at both 1 year (93.0% vs. 96.3%) and 5 years (82.3%
VvS. 79.2%).

Conclusions: Biliary strictures are observed in approximately 11% of recipients follow-
ing LDLT. While the presence of biliary strictures is associated with increased morbidity,
it does not significantly impact patient survival.
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HIGHLIGHTS

* In this study, post-living donor liver transplant biliary
strictures occurred in 11.6% of cases.

 Multiple biliary anastomoses, bile leak, older donor age,
and older recipient age were identified as risk factors
for biliary strictures following liver transplantation.

* The presence of biliary strictures does not significantly
impact recipient survival following liver transplantation.

INTRODUCTION

Liver transplantation is a lifesaving procedure with excel-
lent outcomes for patients with fulminant liver failure and
end-stage liver disease. Advances in surgical techniques,
postoperative care, and immunosuppression have led to
marked improvements in both graft and patient survival
over time. However, biliary complications after surgery re-
main a key cause of morbidity and mortality among liver
transplant recipients, affecting approximately 5% to 35%
[1]. Common biliary complications include anastomotic
and nonanastomotic biliary strictures, bile leaks, and bi-
lomas. Bile duct stones and casts are also observed in a
minority of patients [2]. The incidence of biliary strictures
is reported to be between 5% and 25%, with a higher oc-
currence in cases of living donor liver transplantation
(LDLT) compared to deceased donor liver transplantation
(DDLT) [1,3]. Several factors contribute to the greater in-
cidence of strictures in LDLT, including smaller bile ducts,
multiple and relatively proximal anastomoses, and the
risk of bile duct devascularization due to hilar dissection.
Biliary strictures typically present within the first 6 to 12
months after transplantation, although presentations
on either side of this timeframe are not uncommon [4,5].
These strictures are primarily classified as anastomotic
or nonanastomotic. Early anastomotic strictures may be
caused by size mismatches between donor and recipient
ducts and local edema, while late anastomotic strictures
often occur due to ischemic fibrosis. Nonanastomotic
strictures result from diffuse ischemic injuries to the bile
ducts, which can be due to antibody-mediated rejection,
hepatic artery thrombosis (HAT), chronic ductopenic re-
jection, and ABO-incompatible (ABOi) liver transplant [3,6].

Endoscopic therapy is regarded as the primary therapy
for the management of posttransplant biliary strictures.
Percutaneous and surgical approaches are required when
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endoscopic retrograde cholangiopancreatography (ERCP)
is contraindicated or unsuccessful [7,8]. Limited evidence
is available concerning the prevalence and long-term
outcomes of biliary strictures in LDLT. The present study
aimed to examine the incidence and characteristics of bil-
iary strictures in LDLT recipients, along with their impact
on long-term graft and patient survival.

Aims and Objectives

The primary objective is to investigate the prevalence of
biliary strictures in recipients of LDLT. Secondary objec-
tives are (1) to identify the risk factors associated with
biliary strictures in LDLT recipients; and (2) to examine
the long-term graft and patient survival outcomes in LDLT
recipients who develop biliary strictures.

METHODS

In this retrospective observational study, we analyzed
data from a prospectively collected database at Max Su-
per Specialty Hospital in New Delhi, India, a tertiary care
facility where over 400 LDLT procedures are performed
annually. The study received approval from the relevant
Institutional Ethics Committee (TM/MSSH/MHIL/ISC/LIV-
ER & BILIARY SCIENCES/23-72). In accordance with the
institutional protocol for retrospective observational stud-
ies, the requirement for participant consent was waived.

The study included adult LDLT recipients who under-
went surgery between 2006 and 2022. We collected rele-
vant clinical information, including demographic details,
blood biochemistry findings, radiological imaging, indi-
cations for liver transplantation, preoperative prognostic
scores such as the Child-Turcotte-Pugh (CTP) score and
the Model For End-Stage Liver Disease (MELD), surgical
details, types of vascular and biliary anastomosis, and liv-
er allograft characteristics, including weight, graft-to-re-
cipient weight ratio, and ischemia time. The exclusion cri-
teria included an age under 18 years and a pretransplant
diagnosis of primary sclerosing cholangitis (PSC) or PSC
overlap syndrome. Additionally, patients who received
ABOi allografts and those who underwent retransplanta-
tion were excluded from the study.

All recipients and donors provided written informed
consent for surgery following a detailed explanation of
the planned procedure. The liver transplant program at
our institute adheres strictly to the 2008 Declaration of Is-
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tanbul on organ transplantation. All donors were at least
18 years old and were biologically related to their respec-
tive recipients. Donor selection at our center is governed
by a rigorous stepwise process that includes a preoper-
ative clinical assessment conducted by a hepatologist,
transplant surgeon, psychiatrist, and anesthetist. The
laboratory assessment encompasses liver function tests,
complete blood count, kidney function tests, viral serolo-
gies, and other biochemical analyses. For donors, imaging
includes computed tomography (CT) volumetry, CT an-
giography, and magnetic resonance cholangiopancrea-
tography (MRCP). Liver biopsy is selectively performed
in candidates with deranged liver function tests and high
potential for a steatotic graft.

Donor Procedure in Liver Transplant Surgery

Modified right lobe graft

The most frequently used graft was the modified right
lobe graft. The procedure began with dissection of the
right triangular ligament to mobilize the right lobe, fol-
lowed by caval dissection, portal dissection, cholecys-
tectomy, and dissection of the hilar plate. A cholangio-
gram was conducted after placing a marking stitch at
the proposed site of duct division. Following complete
transection and a second cholangiogram, ductal division
was performed. The duct was then sutured using 6-0
polydioxanone suture (PDS). A final cholangiogram was
performed to confirm the absence of leak or stricture.

Left lobe graft

For a left lobe graft, the initial dissection involved mobi-
lizing the left triangular ligament, looping the left hepatic
vein, and dissecting the Arantius' ligament. Portal dissec-
tion was performed to encircle the left portal vein, the left
hepatic artery, and the segment 4 artery. Vascular stric-
tures were divided in the following sequence: artery, portal
vein, and left hepatic vein. The duct was sutured with PDS
6-0 suture material. A cholangiogram was performed to
confirm the absence of leak or stricture.

Recipient biliary anastomosis procedure

Most of the biliary anastomoses were duct-to-duct. At
our center, Roux-en-Y hepaticojejunostomy is employed
in cases of pediatric biliary atresia, PSC, and retransplan-
tation. The decision to perform one versus multiple anas-
tomoses was based on the allograft's biliary anatomy. No
recipient received a T-tube or stent placement during sur-
gery. A check cholangiogram was performed to exclude
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any leaks or strictures. If a leak or stricture was detected,
the anastomosis was either revised or converted to Roux-
en-Y hepaticojejunostomy.

Diagnosis of biliary complications and management after
liver transplantation

During the postoperative period, patients were managed
according to the standard protocol. Triple drug immuno-
suppression, which included calcineurin inhibitors, myco-
phenolate, and steroids, was administered to recipients.
In most cases, steroids were discontinued after 3 months
following a gradual tapering process. After discharge from
the hospital, patients underwent routine follow-up in the
outpatient department. Regular blood investigations were
conducted, including complete blood count, liver function
tests, kidney function tests, and measurement of tacroli-
mus trough levels.

Bile leak was diagnosed in patients who exhibited bile
in their abdominal drains and/or significant intrabdominal
bile collection on ultrasound or magnetic resonance im-
aging, necessitating percutaneous intervention or ERCP.
Patients with deranged liver biochemistry, with or without
symptoms of jaundice, pruritus, or fever, underwent MRCP.
Biliary stricture on MRCP was characterized by an area of
narrowing with dilated intrahepatic biliary radicles. Stric-
tures were further categorized as anastomotic or nonan-
astomotic based on their location relative to the site of
anastomosis. ERCP was the primary treatment of choice
for biliary strictures in most cases. Percutaneous transhe-
patic biliary drainage (PTBD) was considered as the initial
therapy in cases involving multiple ductal anastomoses
and anticipated difficulties in cannulating the desired bile
duct. ERCP was performed using an Olympus 190 duo-
denoscope (Olympus Corporation). A cholangiogram was
initially conducted to map the biliary anatomy and locate
the stricture. Tight strictures were dilated using biliary
balloons or Soehendra biliary dilators (Cook Medical). The
procedure was concluded with the placement of either a
7-Fr or a 10-Fr plastic stent. All patients were adminis-
tered intravenous antibiotics prior to the procedure and
were transitioned to oral antibiotics upon discharge. Pa-
tients were discharged after 24 hours if no complications
were present. Stent exchange was scheduled at 3-month
intervals. At follow-up visits, patients were monitored at
regular intervals through clinical assessments, physical
examinations, and liver biochemistry tests.

Regarding ERCP, success was defined as the res-
olution of stricture on cholangiogram or MRCP during
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post-ERCP follow-up. ERCP failure was characterized by
either of the following criteria: (1) failure of stricture res-
olution after 2 years on the stent exchange schedule; and
(2) assessment of the need for PTBD or surgery (hepati-
cojejunostomy) at any point during the follow-up period.

Statistical Analysis
Statistical analyses were performed using SPSS ver. 29
(IBM Corp.) and MedCalc Statistical Software ver. 22.021
(MedCalc Software Ltd.). The normality of data distribu-
tion was assessed with the Shapiro-Wilk test. For con-
tinuous data, the Student t-test was used to compare
parametric data and the Mann-Whitney U-test for non-
parametric data. Categorical data were compared using
the chi-square test or the Fisher exact test. Variables that
yielded a P-value of less than 0.10 in univariate analysis
were included in the multivariate logistic regression anal-
ysis. Kaplan-Meier curves were generated to illustrate the
survival probability of the groups, with the log-rank test
employed for comparison. A P-value less than 0.05 was
considered to indicate statistical significance.

RESULTS

A total of 3,550 patients underwent liver transplantation
between August 2006 and December 2022. After exclud-

3,550 Liver transplants in the study period |
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ing pediatric cases, deceased donor transplants, PSC,
PSC overlap, ABOi transplants, and retransplantations,
2,956 adult recipients were analyzed for biliary compli-
cations. Of these, 209 (7.1%) experienced bile leak in the
early postoperative period. Among the patients with bil-
iary leaks, 51 (24.4%) experienced in-hospital mortality,
54 (25.8%) developed biliary strictures, and 104 (49.7%)
did not develop strictures during follow-up. Of the 2,747
patients without biliary leak in the immediate postopera-
tive period, 296 (10.7%) died in the hospital, 290 (10.5%)
developed biliary strictures, and 2,161 (78.6%) did not de-
velop strictures. Patients who developed biliary strictures,
whether after biliary leak or not, were categorized into the
stricture group. Those who did not develop biliary stric-
ture, regardless of whether it followed biliary leak, were
placed in the no-stricture group (Fig. 1).

During the study period, biliary strictures were ob-
served in 344 cases, accounting for 11.6% of the total.
The median age of patients with strictures was signifi-
cantly higher than that of those without strictures (50 vs.
49 years, P=0.044). Additionally, median MELD (21 vs. 18,
P<0.001) and CTP scores (11 vs. 10, P=0.0008) were sig-
nificantly higher in the stricture group. The proportions of
diabetes mellitus and hypertension were also significantly
higher among recipients with strictures. In both groups,
the liver donors were predominantly male. Donors in the
stricture group exhibited a significantly higher median
age (32 vs. 30 years, P=0.011). Graft weight, graft-to-re-

97 ABOi

A 4

A 4

41 DDLT

307 Below 18 yr
22 PSC/PSC overlap

22 Retransplant
105 Lost to follow-up/incomplete data

| 2,956 Patients after initial exclusion criteria |

l—{ 209 Patients with bile leak

|

}_l l—{ 2,747 Patients without bile leak }—l

Fig. 1. Flowchart of patient selection. Four-

51 In-hospital 104 Without n=54 | n=290 2,161 Without 296 In-hospital
mortality sequalae Biliary stricture sequalae mortality
| 344 Stricture group |
—>| 2,251 No-stricture group |<—
58

teen patients were excluded for analysis with
incomplete information from the no-stricture
group. ABOi, ABO-incompatible; PSC, primary
sclerosing cholangitis; DDLT, deceased do-
nor liver transplantation.
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Table 1. Comparison of clinical and demographic profiles between groups
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Table 2. Comparison of postoperative parameters between groups

No biliary stricture Biliary stricture

No biliary stricture Biliary stricture

Parameter P-value Parameter P-value
(n=2,251) (n=344) (n=2,251) (n=344)

Recipient Bleeding 28(1.2) 13 (3.8) <0.007*
Age (yr) 49 (41-55) 50 (42-56) 0.044+ MHV block 13(0.6) 3(0.9) 0.518
Male sex 1,845 (82) 293 (85.2) 0.145 Bile leak 104 (4.6) 54 (15.7) <0.001*
MELD 18 (14-23) 21 (15-27) <0.001*  PVT 18(0.8) 5(1.5) 0.231
CTP 10 (8-12) 11(9-12) <0.001%  HAT 19(0.8) 0 0.086

Comorbidities ICU stay (day) 10 (8-14) 14 (10-21) <0.001*
Diabetes mellitus 528 (23.5) 107 (31.1) 0.003* Hospital stay (day) ~ 21(19-27) 26 (21-36) <0.001*
Hypertension 167 (7.4) 40 (11.6) 0.007* 0S (mo) 187 (151-187)  195(109-195)  0.411
Pulmonary tuberculosis 57 (2.5) 10(2.9) 0.853 Values are presented as number (%) or median (interquartile range).

Donor MHV, middle hepatic vein; PVT, portal vein thrombosis; HAT, hepatic artery
Age (yr) 30 (23-39) 32 (24-41) 0.011* thrombosis; ICU, intensive care unit; 0S, overall survival.

Male sex 1,250 (55.5) 194 (56.4) 0.539 *P<0.05.

Graft
Graft weight (g) 749 (660-840) 738 (650-820) 0.124 cipient weight ratios, and ischemic times did not differ
e 508 (22.6) 86 (25.0) Let significantly between the two groups. The use of ex-
g Ll igns) 258 (75.0) tended right lobes was significantly less common in the
el 1.04 (0.86-1.23) 1.00(0.82-1.20) 0.095 stricture group (6.1% vs. 11.2%, P=0.038). Most patients
el 103 (77-132) 105(74-136)  0.737 in the study underwent duct-to-duct biliary anastomosis,
el 36 (30-45) 35(29-41) 0671 and the type of biliary anastomosis was similar between

Donor hepatectomy 0.340 groups. However, the mean number of anastomoses was
Open 2153 (95.7) 326 (94.8) significantly higher among those with strictures, at 1.3
Laparoscopic 62(2.7) 14(41) versus 1.2 (P<0.001) (Tables 1 and 2).

Robotic 36 (1.6) 4(1.2) The rates of postoperative complications such as

Type of graft 0.038*  pleeding (3.8% vs. 1.2%, P<0.001) and bile leak (15.7% vs.
Extended right lobe?) 251 (11.2) 21(6.1) 4.6%, P<0.001) were significantly higher among patients
Left lobe 36 (1.6) 9(2.6) with strictures. Other complications, including HAT, mid-
Modified right lobe 1,893 (84.1) 300(87.2) dle hepatic vein obstruction, and portal vein thrombosis,
Right posterior sector 24 (1.1) 5(1.5) were comparable between the two groups. Additionally,
Standard right lobe 47 (2.1) 9(2.6) the median duration of stay in the intensive care unit (14

Type of anastomosis 0.396 vs. 10 days, P<0.001) and the overall hospital stay (26 vs.
Duct-to-duct 2,069 (91.9) 320 (93) 21 days, P<0.001) were significantly longer in the stricture
Hepaticojejunostomy 46 (2.1) 8(2.3) group.

Both duct-to-ductand 71 (3.2) 16 (47) Over a median follow-up period of 11 months (inter-
hepaticojejunostomy quartile range, 5—24 months), nearly four-fifths of the pa-

No. of anastomoses 1.210.4 1.310.5 <0.001*

Values are presented as median (range), number (%), or meantstandard
deviation.

MELD, Model for End-Stage Liver Disease; CTP, Child-Turcotte-Pugh score;
GRWR, graft-to-recipient weight ratio; CIT, cold ischemic time; WIT, warm
ischemic time.

#)Represents the row/column proportions that differed on Z-test.

*P<0.05.
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tients with strictures, specifically 265 (77.0%), underwent
ERCP as the primary modality to alleviate this condition
(Fig. 2). PTBD was the primary therapy for 73 patients
(21.2%). ERCP was successful in 175 (66.0%) of the cases,
with a mean of 1.89 sessions per patient. Cholangitis was
the most common ERCP-related complication, occurring
in 20 patients (7.6%). Post-ERCP pancreatitis developed
in seven patients (2.7%), and two patients experienced
ERCP-related perforation. Fourteen patients (15.9%) with
failed ERCP underwent hepaticojejunostomy. In contrast,
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only one patient who initially received PTBD was treated
with hepaticojejunostomy (Fig. 2).

Death Due to Biliary Complications

Of the 344 patients with biliary stricture, 16 (4.6%) died
from complications related to this condition or associated
interventions. Thirteen patients died due to complications
of cholangitis, while one patient each died from ERCP-re-
lated papillotomy bleed, pancreatitis, and perforation.

Open Versus Minimally Invasive Donor Hepatectomy

In the no-stricture group, 2,153 patients (95.7%) under-
went open donor surgery. Laparoscopic donor surgery
was performed in 62 patients (2.7%), while robotic donor
surgery was carried out in 36 patients (1.6%). Of the 344
patients with biliary stricture, 326 (94.7%) underwent open
donor hepatectomy, while 14 patients (4.1%) received lap-
aroscopic donor surgery. Only four patients (1.1%) under-

Clin Transplant Res - March 2025 - Volume 39 - Issue 1

went robotic donor surgery in this study, since the robotic
program at our center primarily gained momentum after
2022.

In multiple logistic regression analysis, factors such
as older donor and recipient age, higher MELD score, bile
leak, and multiple biliary anastomoses were identified as
predictors of biliary strictures in transplant recipients.
During a median follow-up period of 55 months (inter-
quartile range, 22—81 months) among 2,595 patients, 520
patients (20.0%) were lost to follow-up, and 398 patients
(15.3%) died—64 from the stricture group and 334 from
the no-stricture group. The median survival times were
similar between groups (195 months for patients with
strictures vs. 187 months for those without, P=0.411) (Ta-
ble 3, Fig. 3). In the logistic regression analysis assess-
ing risk factors for bile leak in recipients, a higher MELD
score, the presence of multiple biliary anastomoses, and
the use of hepaticojejunostomy for biliary reconstruction

| 344 Patients developed stricture |

v

| 265 Primary ERCP |

73 Primary PTBD | | 6 Missing data

I
v v
175 Success
2 Missing data

'

88 Failure

108 Received 1 session
41 Received 2 sessions

| 14 Hepaticojejunostomy | | 1 Hepaticojejunostomy

15 Received 3 sessions
7 Received 4 sessions
2 Received 5 sessions
2 Received 6 sessions

Survival probability (%)

Fig. 2. Management of patients with stric-
tures. ERCP, endoscopic retrograde cholan-
giopancreatography; PTBD, percutaneous
transhepatic biliary drainage.

—— No biliary stricture
---- Biliary stricture

Log-rank P-value=0.411

20 T T T T

0 24 48 72 96 120 144 168
No. at risk Duration (mo)

192 216 240 264

No biliary stricture|1,744|1,283|1,011| 615 | 327 | 144 | 56 13

Fig. 3. Comparison of overall survival be-

Biliary stricture 3311223 159 | 79 | 35 19 7 3

tween patients with and without biliary stric-
tures.
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Table 3. Univariate and multivariate logistic regression analyses for biliary stricture
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Univariate Multivariate
Variable
0dds ratio (95% Cl) P-value 0dds ratio (95% Cl) P-value

Age 1.01(0.99-1.02) 0.055 1.01(1.00-1.02) 0.012*
Donor age 1.01 (1.00-1.02) 0.005* 1.01 (1.00-1.03) 0.001*
CTP 1.09 (1.03-1.16) 0.001* 0.98 (0.91-1.06) 0.789
MELD 1.03 (1.02-1.05) <0.001* 1.03 (1.01-1.05) <0.001*
Graft weight 0.99 (0.99-1.00) 0.094 0.99 (0.99-1.00) 0.145
GRWR 0.63 (0.40-1.00) 0.054 0.79 (0.43-1.44) 0.446
CIT 0.99 (0.99-1.00) 0.609
WIT 0.99 (0.98-1.00) 0.110
Donor hepatectomy

Open 1 [Reference]

Laparoscopic 1.49 (0.82-2.70) 0.180

Robotic 0.73 (0.26-2.08) 0.564 -
No. of biliary anastomoses 1.97 (1.57-2.48) <0.001* 1.79 (1.40-2.29) <0.001*
Duct-to-duct 1 [Reference]
Hepaticojejunostomy 1.12 (0.52-2.40) 0.762
Both duct-to-duct and hepaticojejunostomy 1.45 (0.83-2.53) 0.183
Bile leak 3.99 (2.80-5.68) <0.001* 3.76 (2.52-5.61) <0.001*

Cl, confidence interval; CTP, Child-Turcotte-Pugh; MELD, Model for End-Stage Liver Disease; GRWR, graft-to-recipient weight ratio; CIT, cold ischemic time;

WIT, warm ischemic time.
*P<0.05.

Table 4. Univariate and multivariate logistic regression analyses for bile leak

Univariate Multivariate
Variable

0dds ratio (95% Cl) P-value 0dds ratio (95% Cl) P-value
Age 1.00 (0.98-1.01) 0.962
Donor age 1.00 (0.98-1.01) 0.810
CTP 1.13(1.05-1.22) <0.001* 1.06 (0.97-1.17) 0.182
MELD 1.03 (1.01-1.05) <0.001* 1.02 (1.00-1.04) 0.042*
Graft weight 1.00 (0.99-1.00) 0.405
GRWR 1.09 (0.60-2.00) 0.766
CIT 0.99 (0.99-1.00) 0.574
WIT 0.99 (0.99-1.00) 0.922 :
No. of biliary anastomoses 2.16 (1.63-2.86) <0.001* 2.47 (1.82-3.35) <0.001*
Duct-to-duct 1 [Reference]
Hepaticojejunostomy 2.06 (0.96-4.40) 0.060 3.15(1.37-7.24) 0.007*
Both duct-to-duct and hepaticojejunostomy 1.74 (0.91-3.32) 0.091 1.08 (0.53-2.21) 0.816

Cl, confidence interval; CTP, Child-Turcotte-Pugh; MELD, Model for End-Stage Liver Disease; GRWR, graft-to-recipient weight ratio; CIT, cold ischemic time;

WIT, warm ischemic time.
*P<0.05.

www.ctrjournal.org
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were associated with increased risk (Table 4).

DISCUSSION

In this retrospective study, the overall rate of biliary stric-
ture in adult recipients of LDLT was 11.45%. ERCP served
as the first-line treatment for most of these patients and
was successful in approximately 66% of cases. The medi-
an time for the development of strictures was 11 months
posttransplant. Cholangitis was the most common com-
plication following ERCP, occurring in 7.6% of cases, while
post-ERCP pancreatitis was observed in 2.7%. The 1-year
and 3-year survival rates for patients with biliary stric-
tures were 94.1% and 84.9%, respectively.

Patients treated with LDLT have a higher incidence
of biliary strictures compared to those receiving organs
from deceased donors, for several reasons. In LDLT, the
graft ducts tend to be smaller, and multiple anastomo-
ses may be present since the biliary anastomosis is of-
ten more proximal. Additionally, devascularization of the
bile duct due to hilar dissection and injuries at the cut
surface of the bile duct contribute to the increased risk
[2,8—10]. There is a scarcity of large-scale studies on bili-
ary complications in LDLT recipients [1,2,8]. Wadhawan et
al. [8] previously reported on biliary outcomes after liver
transplant in 338 patients, noting a biliary stricture rate
of 13.3%. More recently, Gad et al. [11] identified a 22%
incidence of biliary strictures [11]. Other studies have in-
dicated a stricture rate ranging from 15% to 25% among
LDLT recipients [2,12-14]. The overall biliary stricture
rate in our study was 11.6%, which is low relative to most
published studies. Over time, advancements in surgical
techniques have led to a reduced rate of biliary strictures
at our center. A combination of refined surgical proce-
dures, the surgeons' accumulated experience, and other
factors likely contributed to the lower incidence of biliary
strictures. Our institute represents one of the largest LDLT
centers in India and Asia, with decades of experience and
surgical expertise.

In addition to bile leak, our study revealed that ad-
vanced donor and recipient age, higher MELD score, and
multiple biliary anastomoses were associated with an
increased risk of biliary strictures in liver transplant re-
cipients. Previous studies have reported these factors as
contributing to the risk of anastomotic biliary strictures
after LDLT. Wadhawan et al. [8] demonstrated that the
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presence of multiple biliary anastomoses was a risk fac-
tor for posttransplant biliary strictures. In another study
by Akamatsu et al. [2], bile leak and living donor status
were identified as risk factors for biliary strictures. Other
research has indicated that a high MELD score, prolonged
cold and warm ischemia times, advanced donor and re-
cipient age, and conventional biliary anastomosis are risk
factors for biliary stricture in liver transplant recipients [2].
The surgical technique used for biliary anastomosis can
also influence the rate of biliary complications. Duct-to-
duct anastomosis may be performed using continuous
absorbable sutures, interrupted nonabsorbable sutures,
or a mixed technique. However, previous studies have not
demonstrated any significant difference in outcomes with
different techniques [15—17]. At our center, biliary anas-
tomosis is typically performed in a duct-to-duct manner
when feasible, using 7-0 PDS sutures. Prior to 2023, the
posterior layer was completed continuously, while the an-
terior layer was done in an interrupted fashion. However,
since 2023, both layers have been established using an
interrupted technique.

Minimally invasive donor hepatic resection in LDLT,
including both laparoscopic and robotic techniques, pro-
vides better cosmetic outcomes and facilitates the early
recovery of living donors. However, the adoption of these
methods is not yet widespread, and research on their
long-term outcomes is limited. In the present study, min-
imally invasive donor surgery was not identified as a risk
factor for biliary strictures in liver transplant recipients.
Song et al. [18] reported on 295 patients who underwent
laparoscopic donor hepatectomy, demonstrating out-
comes comparable to those of open donor surgery [18-
21]. Notably, only a small number of patients in our study
underwent minimally invasive surgery, and more robust
evidence from larger studies is required.

In a recent study by Taniai et al. [22], ABO incom-
patibility was the only identified risk factor for biliary
strictures. However, the study had a small sample size,
including only 26 patients. ABOi liver transplantation is
recognized as a risk factor for nonanastomotic diffuse
biliary strictures [22]. Nonanastomotic strictures were not
observed in our study, as we excluded patients with ABOi
liver transplantation and PSC. The exclusion of these pa-
tients may have contributed to the lower overall incidence
of biliary stricture in our study.

ERCP remains the primary modality of choice for the
management of biliary strictures. In LDLT, the success
rate of ERCP has been reported to be low compared to
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DDLT and other forms of benign strictures. Various stud-
ies have reported success rates for ERCP in these pa-
tients ranging from 40% to 92%. Differences in the defini-
tion of ERCP success and variations in technical expertise
may account for these disparate results. Akamatsu et al.
[2] reported a success rate of 57% in a systematic review
[23-25]. In our study, ERCP was successful in 66% of cas-
es, and cholangitis (7.6%) and pancreatitis (2.7%) were the
two most frequent complications observed. The reported
incidence rates of pancreatitis and cholangitis in liver
transplant recipients range from 2.7% to 6.4% and 0.7% to
5.1%, respectively [26—28]. Less common complications
include bleeding and perforation, which occurred in 0.8%
and 0.4% of cases, respectively, in our study. The use of
preprocedural antibiotics and the reduction of immuno-
suppression during the periprocedural period can help
lower the risk of infectious complications. Most patients
with nonresolution of strictures following ERCP were suc-
cessfully managed with a percutaneous approach, and
hepaticojejunostomy was performed in selected cases.

Overall, patient and graft survival rates in individuals
with biliary strictures were comparable to those in pa-
tients without biliary strictures. However, the median hos-
pital stay was longer for patients with biliary strictures, as
they experienced a higher incidence of bile leak during the
postoperative period.

Bile leak is a major risk factor for the development of
biliary strictures. In our study, the incidence of bile leak
was 7%; previous studies have reported rates of 2% to
25% [2,6]. Most of our patients improved with conserva-
tive treatment alone. Endoscopic intervention was re-
served for patients with persistent bile leak beyond 4 to 6
weeks after liver transplantation. Bile leak and strictures
largely share reported risk factors, including advanced
donor and recipient age, higher CTP score, higher MELD
score, prolonged cold and warm ischemia times, and HAT.
The presence of smaller and multiple bile ducts may also
elevate the risk of bile leak. Additionally, the incidence
of bile leak can be influenced by the surgical techniques
used for biliary anastomosis reconstruction [1,17,29-32].
In our study, higher MELD score, multiple biliary anas-
tomoses, and the use of hepaticojejunostomy for biliary
reconstruction were identified as risk factors for bile leak.
Another notable finding from our study was that only
34.1% of patients with bile leak developed biliary stric-
tures. Although bile leak is a known and common cause
of biliary stricture, its presence does not invariably lead to
stricture formation. Many patients with bile leak who re-
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ceived conservative management recovered without any
delayed biliary complications.

Our study has several limitations. Most notably, it
was retrospective in nature and exclusively included re-
cipients of LDLT. Consequently, the results may not be
generalizable to DDLT recipients. Nevertheless, this study
represents one of the largest investigations into the in-
cidence and predictors of biliary strictures among LDLT
recipients, with a sample of over 2,500 patients.

In conclusion, anastomotic biliary strictures and bile
leaks significantly contribute to morbidity in liver trans-
plant recipients. With advancements in surgical tech-
niques, the incidence rate of these biliary complications
has significantly decreased. Although postoperative
biliary strictures contribute to considerable morbidity,
they do not affect patient survival. Effective endoscopic
and nonendoscopic treatment modalities are available to
manage these complications.
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