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INTRODUCTION

Living-donor liver transplantation (LDLT) is frequently performed 
in many countries, as the low rate of organ donation has lengthened 
the waiting lists and is also the cause for increased mortality. More 
than 90% of liver transplantations (LT) are performed with grafts 
donated by the patients’ relatives.1 In adults, LDLT is performed 
on the adult right lobe (RL), and to a lesser extent, the left lobe 
(especially in pediatric patients). In addition, LDLT contributes 
to lowering the rate of mortality,2 with extensive donor screening, 
optimization of transplantation time, and minimal cold ischemia 

time,3 but is also accompanied by disadvantages such as high cost 
and risk to donor health.4,5

During the reconstruction of the biliary tract during LDLT, the 
duct-to-duct anastomosis (DDA) technique is the most frequently 
used due to its potential advantages such as shorter operation 
time, more physiological sphincter function, fewer septic com-
plications, and the possibility of endoscopic evaluation of the 
biliary tract in case of the potentially possible complications.6,7 It 
has been a major concern that despite this advantage, bile duct 
obstruction is more common in the right-lobe living-donor liver 
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Background: There is no consensus on the optimal drainage technique 
in the management of biliary anastomotic strictures occurring after 
right-lobe living-donor liver transplantation (RL LDLT).
Aims: To investigate whether there is a superiority between unilat-
eral  and  bilateral  drainage  groups  in  terms  of  efficacy  and  safety  of 
biliary drainage in RL LDLT patients undergoing double-biliary 
reconstruction.
Study Design: Retrospective Cohort
Methods: Between January 2009 and August 2019, 1693 patients 
underwent RL LDLT. Of these, 182 patients who developed biliary 
anastomotic strictures out of the 306 patients who had double-biliary 
reconstruction,  were  included  in  the  study.  One  hundred  fifty-five 
patients with technical success were divided into 2 groups as unilateral 
(n=116) and bilateral (n=39) drainage groups. The groups were com-
pared in terms of variable parameters such as clinical success, addi-
tional procedure, post-ERCP complication, procedures after clinical 
failure, hospital stay, mortality, and survival.

Results: The clinical success was higher in the bilateral group (70% vs. 
82%, P = .201). In the initial and the follow-up periods, a total of 44 
(38%) patients in the unilateral group were switched to the bilateral 
drainage group due to the increased need for stenting. The placement 
of a stent successfully solved the problem only in 28% (32/117) of 
the patients in the unilateral group, while this rate was 44% (17/39) 
in the bilateral group. The median follow-up time of both groups was 
42 months, and was equal. The number of stent-free follow-up patients 
in the unilateral drainage group was less than that in the bilateral drain-
age group (4 and 7, respectively).
Conclusion: An active attempt should be made for bilateral drain-
age in patients with biliary anastomotic stricture following RL LDLT. 
However, for patients in whom bilateral drainage is not possible, unilat-
eral drainage may be recommended, with the placement of a maximum 
number of stents following primary biliary balloon dilatation, depend-
ing on the degree of stricture.
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transplant (RL LDLT). Biliary strictures account for about 40% 
of all biliary complications after LT. Approximately 70-90% of 
these occur in the anastomosis region. The studies show that 
the incidence of anastomotic strictures varies between 4% and 
16%.8-10

Although there is no validated therapeutic algorithm, several 
options have been used for treatment, including surgery and endo-
scopic and percutaneous transhepatic intervention. In the past 
2 decades, the primary treatment of anastomotic strictures has been 
predominantly transitioned to endoscopic treatment.11 For this, 
stent placement is frequently performed. It is observed that when 
stent placement is performed after biliary balloon dilatation, per-
manent successful results are achieved in approximately 63-80% 
of patients with anastomotic stricture.12,13

In a study, it was shown that the placement of progressively more 
stents following balloon dilatation in anastomotic strictures after 
LDLT provided continuous patency of the biliary anastomoses in 
approximately 84% of patients.14 This result makes endoscopic 
therapy  the  first  option  of  treatment  for  post-LDLT  anastomotic 
strictures. However, endoscopic treatment for strictures developing 
after RL LDLT, DDA  is more  difficult  than  for  strictures  devel-
oping after deceased-donor liver transplant (DDLT). The major 
reason for this appears to be 2 anastomosis regions that connect 
both the right anterior segmental branch (RASD) and the right pos-
terior segmental branch (RPSD) to the common hepatic canal of 
the recipient, and that the confluence of the right main bile branch 
appears to be narrower than the left main bile branch.15,16 Therefore, 
endoscopic treatment fails in 25-40% of patients. Percutaneous 
transhepatic biliary drainage (PTBD) is usually performed success-
fully in these patients.17 In most patients with anastomotic stricture, 
stent replacement is performed at every 3-month interval in ERCP 
sessions, to avoid stent occlusion and cholangitis. According to the 
fluoroscopic findings that the operator observes with the contrast 
drainage during the procedure, the multiple-stent placement with a 
diameter of 7 Fr to 10 Fr are performed after 6-10 mm biliary bal-
loon dilatation when necessary. ERCP sessions should continue for 
12-24 months.18-20 It has been shown that an increasing number of 
stents can be used in each session to achieve maximum benefit.19,21

Although an increasing number of stenting procedures are rec-
ommended for maximally optimal bile drainage of each stricture, 
alternative options have been explored, owing to the increased 
processing time and the possibility of complications with such 
an approach.22 However, since there are limited studies in LDLT 
patients,23 we wanted to experience the same situation in a high-
volume LDLT center like ours. Therefore, we planned this study to 
investigate which technical procedure is superior in terms of effi-
cacy and safety of biliary drainage in biliary double anastomotic 
strictures occurring in RL LDLT patients.

MATERIAL AND METHODS

The Characteristics of the Participating Patients
The patients included in the study group had undergone RL 
LDLT between January 2009 and August 2019 and were over 
18 years old. The data of a total of 1693 patients were analyzed 

retrospectively from the registered database. When the degree of 
donor relation of all patients was examined, most of the living-
donor grafts were from the children of the recipients, the remain-
ing grafts were from husbands (7%), nephews (4%), and wives 
(7%). Among these patients, 1236 patients with single anasto-
mosis, 54 with hepaticojejunostomy and 97 with insufficient data 
were excluded from the study. One hundred eighty-two patients 
with suspected acute cholangitis or biliary anastomotic stricture 
were examined with endoscopic retrograde cholangiopancre-
aticography (ERCP) after obtaining an informed consent form. 
Based on the cholangiographic findings, 155 patients with double 
anastomosis and strictures in both anastomoses were included in 
this study and followed-up by clinical, laboratory, and radiologi-
cal evaluation (Figure 1). The patients underwent more than one 
session of ERCP during the follow-up period. This study was car-
ried out with the approval of the ethics committee (2020/789). 
Informed consent was not obtained because this study was a 
retrospective study. This study included right-lobe (RL) LDLT 
patients with double anastomoses and strictures in both the 
anastomoses.

Data Screening
Based on the data of patients from the computer records system, the 
demographic features, Charlson comorbidity index, reasons for LT, 
liver cirrhosis etiology, LT-related donor age, operation time, warm 
and cold ischemia times, duration of the initial stricture, the main 

FIG. 1.  The flowchart of the analyzed registered patients.
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clinical findings of  biliary  stricture,  the  laboratory values before 
the initial ERCP, fluoroscopic and endoscopic findings, and treat-
ment information during the initial ERCP were examined. After 
LT, patients were followed-up periodically to detect any complica-
tions by physical examination, laboratory tests, and radiological 
imaging methods. Magnetic resonance cholangiopancreatography 
(MRCP) or contrast computed tomography (CT) and/or transab-
dominal ultrasonography  (USG) were performed within 1 week, 
and a control CT scan at the third month after operation. In the 
absence of any abnormality, the next control was completed by a 
CT scan 6 months later. In the presence of any findings suggesting 
acute cholangitis during follow-up, emergency imaging procedures 
were performed.

Before the initial ERCP, all patients were evaluated by their symp-
toms, body temperature, physical examination, and laboratory 
tests such as complete blood count, C-reactive protein (CRP), and 
liver function test (LFT). The ERCP procedure was performed in 
patients with suspected biliary anastomotic stricture or acute chol-
angitis, after the diagnosis was confirmed by any imaging method 
(MRCP, CT, USG). Firstly, the diagnosis of anastomotic stricture 
was confirmed according to the cholangiogram in fluoroscopy by 
the ERCP procedure. Biliary anastomotic stricture was classified 
according to the fluoroscopic findings during the ERCP procedure 
(Figure 2).24,25 Then, an intraprocedural roadmap for the necessary 
intervention was determined.

Procedures Applied
The ERCP was performed with video duodenoscopes (GIF-Q150, 
TJF-Q180V; Olympus Optical Co., Ltd., Tokyo, Japan) under seda-
tion with midazolam and propofol. The patient’s biliary tract was 
cannulated through the guide wire in the major duodenal papilla. 
If direct cannulation was unsuccessful after several attempts, can-
nulation was achieved with precut papillotomy. After cannulation, 
the morphology of the biliary strictures was determined according 
to the cholangiogram findings. If  the visualized stricture’s lumen 
diameter was >2 mm, it was classified as wide type; if ≤2 mm, nar-
row type; and strictures in which the proximal duct could be visual-
ized but the stricture area could not be visualized, or in which the 
proximal duct could not be visualized, were categorized as separate 
type. According to the angle between the proximal and distal ducts, 
there are 3 divisions, as 0-30, <90 and S-shaped.26

Then, a guide wire was inserted through the biliary anastomotic 
structure and as many plastic stents as possible (diameter 7.0 Fr 
and 10.0 Fr, 12-18 cm in length) were placed. If the anastomotic 
stricture was too tight, stenting was performed after dilation with a 
bougie dilation catheter (7 Fr) or a biliary dilation balloon (4-6 mm 
wide, 2 cm long). The decision of whether RASD and/or RPSD 
would provide sufficient bile drainage was made at the discretion 
of the operator. In the initial ERCP, factors affecting the procedure 
time, such as endoscopic sphincterotomy (EST), precut papillot-
omy, stone removal, biliary balloon dilatation, and biliary stenting 
were evaluated. Four hours after the ERCP procedure, complete 
blood count, laboratory tests including amylase and lipase, and if 
necessary, a standing abdominal x-ray were performed. The day 
after the ERCP, these tests were repeated with LFTs. The com-
plications after ERCP were evaluated according to the patient’s 
symptoms, physical examination, and laboratory findings. In case 
of  ineffective  drainage,  ERCP  and/or  percutaneous  transhepatic 
biliary drainage (PTBD) were attempted. The repetition of these 
procedures was performed based on the clinical, laboratory, and/or 
imaging findings of the patients during follow-up.

The Groups’ Post-Processing Design
According to the initial ERCP findings, the patients were divided 
into 2 separate groups––the unilateral (n=116) and the bilateral 
drainage (n=39) groups. Patients with stent placement in only 
one of RASD or RPSD were assigned to the unilateral drainage 
group and patients who underwent stenting on both branches were 
assigned to the bilateral drainage group.

The primary endpoint for stricture resolution was defined according 
to LFT-based radiographic and/or clinical improvement (>50.0% 
reduction in baseline within 4 weeks), whether it was with unilat-
eral or bilateral stenting (or dual stenting). The secondary endpoint 
was considered to be the continuation of stent-free well-being after 
stent removal. The primary outcome was the proportion of patients 
resolved by unilateral drainage during follow-up. Patients who 
were transferred to the bilateral drainage group were identified by 
ERCP and/or PTBD in case of clinical failure during follow-up 
periods.  Clinical  success  in  this  situation  was  defined  as  a  sec-
ondary outcome. Comparisons were made between the unilateral 
and bilateral drainage groups in terms of the patients after ERCP 
procedure, clinical success, additional procedures, complications, 

FIG. 2. a, b.  Cholangiographic findings where RASD and RPSD with biliary anastomotic strictures were visualized at the initial  ERCP.  a) 7.0 Fr x 14 cm plastic 
stent was inserted into the RASD b) Two plastic stents were inserted into each of the RASD and RPSD, respectively 7.0 Fr x 14 cm and 16 cm.



Çağın et al. Endoscopic Management of Anastomotic Strictures After Double-Biliary Reconstruction in Liver Transplantation 351

Balkan Med J, Vol. 38, No. 6, 2021 

procedures after clinical failure, hospitalization stay, follow-up 
time, number of ERCP sessions, mortality, and survival. 

Statistical Analysis
Based on the post-hoc power analysis, the calculated power 
(1-beta) yielded 0.803, considering type I error (alpha) of 0.05, a 
total sample size of 155, and an effect size of 0.5 for net success 
and the two-sided alternative hypothesis (H1).

The datasets were summarized as median (min-max), [mean ± stan-
dard deviation], and count (percent). While chi-square analysis was 
used to compare group categories in terms of qualitative variables, 
the Mann–Whitney U-test was used to compare group categories in 
terms of quantitative variables. Whether the dataset followed nor-
mal distribution was examined by the Shapiro–Wilk test. A value 
of P <.05 was  accepted  as  the  statistical  significance  level. The 
IBM SPSS Statistics 25.0 package program was used in the analy-
sis (IBM SPSS Corp.; Armonk, NY, USA).

Multivariate Cox regression (hazard regression) analysis was 
applied to examine the effect of independent variables on the mor-
tality  variable.  For  categorical  variables,  the  first  category  was 
accepted as the reference category. A value of P <.05 was accepted 
as  the  statistical  significance  level.  The  IBM  SPSS  Statistics 
26.0 package program was used in the analysis.

RESULTS

Patient Characteristics
Our study was conducted by examining the data of 182 RL 
LDLT patients with double anastomosis and anastomotic stric-
tures. During follow-up, biliary anastomotic strictures occurred in 
approximately 60% (182/306) of patients with RL LDLT double 
anastomosis. The initial basic characteristics of the patients par-
ticipating in the study are summarized in Table 1. One hundred 
fifty-five patients with double DDA, RL LDLT, for whom ERCP 
was technically successful, were demographically examined, and 
the average age of the patients was 46 ± 15; 108 of them (70%) 
were male and 47 (30%) were female. When the pre-transplant 
indication for transplantation was evaluated, it was seen that the 
most common cause was liver cirrhosis (81%), followed by hepa-
tocellular carcinoma (HCC) (13%) and fulminant hepatitis (6%). 
An examination of the etiological causes of liver cirrhosis revealed 
the hepatitis B virus (42%), hepatitis C virus (9%), alcohol (4%), 
autoimmune liver disease (4%), Wilson’s disease (3%), portal vein 
thrombus (2%), Budd Chiari syndrome (4%), cryptogenic (24%), 
and combined disease (7%). Considering the LT-related data, it was 
observed that the mean age of the patient donors who received RL 
LDLT was 30 ± 10 years, the mean duration of the operation was 
9 ± 3 hours, and the warm and cold ischemia times were 48 ± 26 
and 91± 63 minutes, respectively.

A few (8%) patients who developed biliary stricture after LDLT 
were admitted with suspicion of acute cholangitis, while most of 
them presented with LFT elevation (60%) and abnormal imag-
ing  findings  (28%).  Very  little  of  it  manifested  as  one  of  their 
complaints, such as right upper-quadrant pain, fever, and itching 

TABLE 1. Demographic and Baseline Patient Characteristics

Parameters Value (n = 182)

Age, years 46 ± 15

Sex

 Female 55 (30)

 Male 127 (70)

Causes for LT

 Liver cirrhosis 147 (81)

 Fulminant hepatitis 12 (7)

 Hepatocellular carcinoma 23 (13)

Etiologies of liver cirrhosis

 Hepatitis B virus 77 (42)

 Hepatitis C virus 16 (9)

 Alcohol 8 (4)

 Autoimmune 8 (4)

 Wilson’s disease 5 (3)

 Portal vein thrombus 3 (2)

 Budd Chiari syndrome 8 (4)

 Cryptogenic 43 (24)

 Combined 14 (8)

LT‐related data

 Donor age, years 30 ± 10

 Operation time, hours 9 ± 3

 Cold ischemia time, minutes 91 ± 63

 Warm ischemia time, minutes 48 ± 26

Charlson comorbidity index 4 ± 2

Duration to initial stricture, days 272 (1-3592)

Suspected cholangitis 14 (8)

Main manifestation of biliary stricture

 Fever 13 (7)

 Pain 6 (3)

 Itching 8 (4)

 LFT abnormality 101 (56)

 Bile duct dilatation 50 (28)

Laboratory findings before initial ERCP

 WBC, 103/µL 6 ± 4

 CRP, mg/dL 4 ± 8

  ALP, IU/L 299 ± 259

  GGT, IU/L 341 ± 331

  AST, IU/L 71 ± 69

  ALT, IU/L 121 ± 132

 Total bilirubin, mg/dL 3 ± 4

 Direct bilirubin, mg/dL 2 ± 3
Data are given as mean ± standard deviation, median(min.-max.), or n (%).
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(Table 1). The mean total bilirubin level before the first procedure 
was 3± 4mg/dL, ALP 299± 259, GGT 341 ± 331 IU / L, and CRP 
4± 8mg/dL.

Fluoroscopy Findings and Treatment Data During  
the Initial ERCP

The ERCP procedure was performed in 182 patients with double 
anastomosis in whom anastomotic stricture and cholangitis were 
suspected. Technically, cannulation was achieved in a total of 155 
(85%) patients, which was at the next session for 9 of them. The 
patients for whom the cannulation was unsuccessful were given a 
PTBD procedure. The cannulated patients were imaged with bal-
loon  cholangiography  under  fluoroscopy  for RASD, RPSD,  and 
anastomotic stricture. The narrow type of stricture morphology was 
detected in 47% of the patients. The vast majority of anastomotic 
strictures in both the anterior and posterior branches were also nar-
row, at 41% and 40%, respectively. Wide stricture morphology was 
2.5 times higher compared to branches, in RPSD. EST was used 
in 91%, biliary balloon dilatation in 55%, and plastic stent in 88% 
of patients for whom initial ERCP was performed after direct or 
precut papillotomy. According to the angle between the proximal 
and distal ducts, stricture morphology in 47% of the cases was 0-30 
degrees (Table 2).

The Comparison of Drainage Groups
The mean age of the unilateral group was 45, while that for the 
bilateral group was 47 years. While the female/male ratio was 
31/85 in the unilateral group, it was 12/27 in the bilateral group. 
When both groups were compared in terms of clinical features 
(fever, pain, itching), no significant difference was found (P = .329, 
.832, and .739 respectively). No significant results were found in 
the multivariate Cox regression analysis of the demographic and 
clinical characteristics.

The drainage groups was compared in terms of clinical suc-
cess, additional treatment (EST, pre-incision, ballooning, stone 
removal), post-ERCP complication, need for additional treatment 
after clinical failure (ERCP, PTBD), follow-up success and fail-
ure, hospitalization stay, survival, and 6-month mortality (Table 3). 
During the initial ERCP procedure, 116 patients (unilateral) and 
39 patients (bilateral) received drainage treatment. Due to the clini-
cal failure in the follow-up period after the initial ERCP, stenting 
was increased in 34 (29%) patients in the unilateral drainage group 
and they were switched to the bilateral drainage group. While the 
difference  between  the  groups  in  terms  of  additional  procedures 
such as EST, needle-knife papillotomy and balloon dilatation was 
significant (P = .007, .038, and .038 respectively), the difference in 
stone removal was not significant (P= .692). While EST was higher 
in the bilateral drainage group, needle-knife papillotomy and bal-
loon dilatation were higher in the unilateral group (52% vs. 79%, 
47 % vs. 18%, and 47% vs. 45%, respectively). Comparing in terms 
of  post-ERCP  complications,  the  difference  was  insignificant  in 
terms of bleeding, pancreatitis, and cholangitis (P = .162, .564, and 
.999 respectively). Although the PTBD procedure performed after 
clinical failure was higher in the unilateral group (18% vs. 10%), 
it was not statistically significant (P > .05). However, there was a 
clear difference in the unilateral group regarding the need for stent 
increase. Although the initial clinical failure in the 2 groups during 
follow-up was higher in the unilateral group (62% vs. 41%), it was 
not statistically significant (P = .999). However, PTBC requirement 
and stenting increase were higher in the unilateral group after clini-
cal success and were statistically significant (P < .001). While the 
number of stent-free follow-up patients was 4 (5%) in the unilateral 
drainage group, it was 7 (22%) in the bilateral group. A compari-
son of the clinical success indicators revealed that the change in 
the number of stents was more significant in the unilateral group 
(P < .001), while the number of patients with stent reduction and 
stent-free  follow-up  was  more  significant  in  the  bilateral  group 
(P < .001). However, when compared in terms of net success in the 
follow-up period, the difference between the 2 groups was signifi-
cant (respectively 38% vs. 59, P = .034) (Table 3). 

In terms of hospital stay, the difference between both groups was 
not statistically significant (7 vs. 4 days, P = .142,). The follow-
up time of both groups was 42 months and was equal. The pass-
ing time for stent replacement of both groups was 4 months and 
was equal (P = .901). The requirement for ERCP sessions during 
follow-up  was  higher  in  the  bilateral  group,  and  this  difference 

TABLE 2. Fluoroscopy Findings and Treatment Data During the Initial ERCP

Initial ERCP Data Value (n = 155)

Stricture morphology of RASD

 Narrow 63 (41)

 Wide 4 (3)

 Separate 1 (1)

Stricture morphology of RPSD

 Narrow 63 (41)

 Wide 10 (7)

 Separate 1 (1)

Angle between the proximal and distal ducts

 0-30° 73 (47)

 >90° 1 (1)

 S shape 3 (2)

EST 141 (91)

Balloon dilatation at anastomotic stricture, mm 85 (55)

 4 25 (16)

 6 50 (32)

 8 10 (7)

ERCP with plastic stent 136 (88)

 Diameter, Fr 7.1 (7-10)

 7 129 (84)

 10 6 (4)

 Length, cm 12.9 (10-18)

Technical success 146 (94)
Data are given as mean ± standard deviation, median (min.-max.), or n (%).
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was  statistically  significant  (P = .049) (Table 3). During follow-
up, 10 patients in the unilateral group and a patient in the bilateral 
group did  not  survive. However,  this  difference was  not  statisti-
cally significant (P = .293) (Table 3) (Figure 3).

Nine of the patients who died had anastomotic stenosis as well 
as bile leakage. While 9 of the deaths resulted from sepsis due 

to bilioma, the remaining 2 patients died from HCC recur-
rence and cerebral infarction that developed after vascular graft 
thrombosis.

The multivariate Cox regression analysis did not yield significant 
results. There was no difference in survival between the 2 drainage 
techniques.

TABLE 3.  The Comparison of Drainage Groups in Terms of Morbidity and Mortality

Parameters Unilateral, (n = 116) Bilateral, (n = 39) P

Age, years 45 (15) 47 (13) .624

Sex

 Female 31 (27) 12 (31) .625

 Male 85 (73) 27 (69)

Clinical characteristics

 Fever 16 (14) 3 (8) .329

 Pain 5 (5) 2 (6) .832

 Itching 9 (9) 4 (11) .739

Initial clinical success 81 (70) 32 (82) .201

After initial clinical failure

 PTBC

  A 21 (18) 4 (10) .999

  NA 4 (3) 3 (8)

 Biliary stenting enhancement 10(9) 0(0) -

Additional procedures

 EST 59 (60) 30 (77) .007

 Needle-knife papillotomy 55 (47) 7 (18)

 Balloon dilatation, total 55 (47) 17 (44)

  4 mm 15(27) 5(29) .038

  6 mm 36(66) 7(41)

  8 mm 4(7) 5(29)

 Stone removal 6 (5) 3 (8) .692

Post-ERCP complications 

 Bleeding 18 (16) 2 (5) .162

 Pancreatitis 14 (12) 3 (8) .564

 Cholangitis 18 (16) 6 (15) .999

Change in follow-up in patients with clinical success(secondary 
outcomes)

 PTBC 16 (20) 5 (16) <.001

 Stenting enhancement 34 (42) 8 (25)

 No increase in stent count 27 (33) 4 (13)

 Stent reduction 1 (1) 7 (22)

 Stent-free follow-up 4 (5) 7 (22)

Net success (primary outcome) 32 (40) 17 (53) .193

The passing time for stent replacement, months 4 (1-62)[10±13] 4 (1-49)[8±11] .901

6-month mortality 10 (9) 1 (3) .293

Hospital stay, days 7 (1-69) [11±13] 4 (1-66) [11±17] .142

Follow-up duration, months 42 (1-125) [46±33] 42 (1-70) [38±22] .163

Number of ERCPs during follow-up 5 (0-24)[ 5±5] 6 (1-13) [6±3] .049
*Data are presented as median (min.-max.) [mean ± standard deviation] and n (%). A, applicable; N/A, not applicable.
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DISCUSSION

The most common and most important source of morbidity after 
LT is biliary strictures. It is known that most of this is composed of 
anastomotic strictures. Anastomotic strictures occur depending on 
a variety of causes. The primary treatment for the drainage problem 
is endoscopic biliary stenting.11 It is advocated by the literature that 
the number of stenting branches and the number of stents placed 
are decisive for optimal biliary drainage treatment.25 However, this 
also increases the processing time, sedation time, and operational 
complications. This situation prompted us to consider whether 
optimal drainage would be possible by reducing the number of 
branches and the number of stents, and we were directed to new 
research in this regard. However, there is no adequate study on 
this subject, especially among patients who have undergone liver 
transplantation. Drainage comparison studies were performed in 
patients with mostly malignant hepatic hilar obstruction. Drain-
age of  the whole  liver has been  the  subject of  controversy. Uni-
lateral and bilateral drainages have been compared in terms of 
early complications such as stenting success, clinical success, and 
contrast-related cholangitis, with contradictory results. In addition, 
considering the disadvantages of the greater technical difficulty of 
bilateral drainage, there were more complications necessitating 
more procedures. This has revealed the need the comparison with 
unilateral drainage.27,28 In our study, a total of 2 groups, unilateral 
and bilateral, were compared based on various variables.

The  first  treatment  options  for  anastomotic  strictures  include 
EST, endoscopic treatment including balloon dilation, and stent-
ing.29,30 Strictures become more complicated with an increased 
number  of  anastomoses,  rendering  the  resolution  more  diffi-
cult,31 and the simultaneous use of several endoscopic treatment 
options becomes inevitable. While stent placement after balloon 
dilation enables larger diameter stent placement, it also brings with 
it the risk of more complications.32 However, there is a study that 
says otherwise.33 In our study, additional procedures such as EST, 
needle-knife papillotomy, and balloon dilatation were used as pri-
mary treatment options. In terms of these additional procedures, 
the groups were compared and  the difference between  them was 

significant. Biliary balloon dilatation requirement was higher in the 
unilateral group than in the bilateral group. It can be explained by 
the harder anastomotic strictures in the unilateral drainage group.

Since endoscopic stenting is the primary treatment option in biliary 
anastomotic strictures, ERCP procedure was performed for these 
patients for more than one session during the follow-up and drain-
age was provided with stenting in approximately three-quarters 
(80%) of the patients. In a previous study, the optimal treatment 
of the drainage problem has been shown to be endoscopic stent-
ing.14 The higher clinical success seen in bilateral stenting was 
supported by the results showing that multiple stent use was more 
successful than single stents in previous studies.34,35 In our study, 
the difference created by patients resolved with bilateral stenting 
was statistically significant. The biliary drainage problem was suc-
cessful in treating 38% of all patients only with unilaterally placed 
stenting.

When the 2 groups were compared in terms of stone removal, the 
difference was not significant in the unilateral group. In the later 
stages of the follow-up period, approximately 55.8% of the total 
patients in both groups of patients in whom the drainage problem 
was faced recurrence, and the problem was solved by performing 
the ERCP process by increasing the number of stents in the major-
ity (37%) and performing PTBD for half of them. The drainage 
problem of patients in the unilateral group was found to be approxi-
mately 1.5 times higher than in the bilateral group. However, while 
approximately one-tenth of the unilateral group was transitioned to 
the bilateral group, all patients with drainage problems in the bilat-
eral group were resolved with the PTBD procedure. Clinical suc-
cess rates were compared between the 2 groups, but there was no 
statistically significant difference. Although this situation improves 
drainage as the stent count increases in the first period, the flow of 
bile is disrupted by sludge or stones forming and developing into 
an obstruction during follow-up, making treatment more difficult. 
In the patients with low stent count, almost less sludge or stone 
development (5% and 8%, respectively) led to a nearly similar 
result between better clinical outcomes. The relationship between 
the stent count and duration, and the biliary obstruction caused by 
biliary stones and sludge, confirm our results.27,36,37

The complications related to the procedure are higher in patients 
with greater stent count and longer duration of procedure. Chol-
angitis may occur, caused by the bile sludge formed as a result of 
deterioration of bile flow due to the high stent count, or later, when 
the stent does not provide sufficient drainage.38 When compared to 
post-ERCP complications, the difference was insignificant in terms 
of bleeding, pancreatitis, and cholangitis. The results of a previous 
study39 with similar complication rate between precut papillotomy 
and standard cannulation correlate with our results.

Although the number of PTBD procedures performed after clinical 
failure was more in the unilateral group (18% vs. 10%), it was not 
statistically  significant. However,  there was  a  clear  difference  in 
unilateral group regarding the need for stent increase. This indicates 
that transition to bilateral drainage is necessary in cases where ade-
quate drainage is not provided. For this, it is necessary to increase 

FIG.  3.  Kaplan-Meier  survival  analysis.  No  significant  difference  was 
observed between the groups.
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the stent count with ERCP and/or PTBD processes.40 Although 
there is no consensus on the ideal drainage pathway,41 it shows 
that bilateral drainage is superior. However, when the groups were 
evaluated for net success, it was observed that the success of the 
unilateral drainage group was at a considerable value even though 
there was statistically at a significantly higher level in the bilateral 
group. In terms of hospital stay, the statistically insignificant dif-
ferences between both groups are thought to be associated with 
low clinical success in the unilateral drainage group. There was no 
difference between the groups in terms of survival. The results of 
previous studies are also compatible with our results, in that there 
was no significant difference between the 2 drainage groups both in 
terms of the hospitalization time and survival rate. 23,38

Efforts  are made  first  to  solve  the  drainage  problem  of  the  uni-
lateral or bilateral drainage group, using ERCP, by increasing 
stent count and/or balloon dilatation. The PTBD procedure is a 
secondary method preferred after clinical or technical failure of 
ERCP, because of its more invasive nature and higher potential 
complications.42 In the follow-up period, the number of ERCP pro-
cedures was higher in the bilateral group, and this difference was 
statistically significant. After initial clinical failure, the need for the 
PTBD procedure was much higher than for the ERCP procedure, 
and higher in the unilateral group than in the bilateral group. The 
number of ERCP procedures required was higher in the unilateral 
group, and  this difference was also  statistically  significant. After 
the clinical failure that occurred during the follow-up period, there 
was a clear advantage of 2-fold ERCP processing as the need for 
additional processing. It was similar between the 2 groups. The 
reason for this is that although the problem of drainage, which con-
tinued in the unilateral group or that occurred later, gave rise to the 
need for ERCP, attempts were made to resolve the problem PTBD 
in very tight strictures that technically could not be overcome with 
the guide. In the follow-up period, the reason that the ERCP pro-
cess is superior to PTBD is due to the need for revision of the 
clogged stents.

The greatest limitation of the study is its retrospective nature It was 
not possible to synchronize the groups, since they are anatomically 
complex, and ERCP and/or PTBD and stent replacement cannot be 
performed regularly.

As a result, in addition to the lower initial clinical success rate in 
the unilateral group, stent enhancement and the need for PTBC 
after clinical success and failure were higher, and stent reduction 
and stent-free follow-up were less in the follow-up of patients with 
clinical success compared to the bilateral group. While mortality 
and length of hospital stay were numerically lower, net success was 
statistically higher in the bilateral group. Although the success of 
unilateral drainage is lower in patients with difficult bilateral drain-
age, it can be applied. The success can be increased with the com-
plementary PTBD procedure. According to the multivariate Cox 
regression analysis, there was no difference between the 2 groups 
in terms of survival.

In conclusion, in this study, successful bilateral drainage was 
achieved in most of the patients by performing repetitive ERCP 

and/or additional procedures (biliary balloon dilatation, PTBD). 
Only one-third had clear success with unilateral drainage. The con-
ditions must be actively enforced for bilateral drainage in patients 
with biliary anastomotic stricture following RL LDLT. In patients 
with biliary anastomotic strictures in whom bilateral drainage is 
not possible, unilateral drainage may be recommended with maxi-
mum stent placement after biliary balloon dilatation, depending on 
the degree of the stricture. However, there is a need for prospec-
tive, randomized controlled trials with well-designed, large-scale, 
longer-term follow-up to reduce the contradictions in studies, vali-
date our results, and obtain more reliable evidence.
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