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Application of cholecystic duct
plasty in the prevention of biliary
complications following
orthotopic liver transplantation
Jing Wang1,2†, Song-ping Cui1†, Shao-cheng Lyu1†, Qing Chen1,
Jin-can Huang1, Han-xuan Wang1, Qiang He1 and Ren Lang1*
1Department of Hepatobiliary and Pancreaticosplenic Surgery, Beijing ChaoYang Hospital, Capital Medical
University, Beijing, China, 2Department of Thoracic Surgery, Beijing ChaoYang Hospital, Capital Medical
University, Beijing, China

Background: The purpose was aimed to evaluate the safety and effectiveness of
cholecystic duct plasty (CDP) and biliary reconstruction techniques preventing
biliary complications following orthotopic liver transplantation (OLT) first
proposed by our center.
Methods: 127 enrolled patients who underwent LT in our center from January
2015 to December 2019 were analyzed retrospectively. According to the mode
of biliary tract reconstruction, patients were divided into CDP group (Group 1,
n= 53) and control group (Group 2, n= 74). The differences of perioperative
general data, biliary complications and long-term prognosis between two
groups were compared and analyzed.
Results: All patients completed the operation successfully, the incidence of
perioperative complications was 22.8%. There was no significant difference in
perioperative general data and complications between the two groups. Follow-
up ended in June 2020, with a median follow-up period of 31 months. During
the follow-up period, biliary complications occurred in 26 patients, with an
overall incidence of 20.5%. The overall incidence of biliary complications and
anastomotic stenosis in Group 1 was lower than that in Group 2 (P < 0.05).
There was no significant difference in overall prognosis between the two groups
(P= 0.274), however, the cumulative incidence of biliary complications in Group
1 was lower than that in Group 2 (P= 0.035).
Conclusion: Reconstruction of common bile duct by CDP represents considerable
safety and practicability, particularly for patients with small diameter of common
bile duct or wide discrepancy of bile duct size between donor and recipient.

KEYWORDS
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Introduction

After nearly 60 years of development, orthotopic liver transplantation (OLT) has become

the best treatment for patients with end-stage liver disease and primary liver carcinoma that

meet certain criteria, especially with the advent of immunosuppressive drugs such as

cyclosporine and tacrolimus, the overall 5-year survival rate after OLT represents more

than 70% (1, 2). With the prolongation of patients’ survival, biliary complications have

become one of the important risk factors affecting patients’ postoperative quality of life,

known as the “Achilles heel” of OLT, with an incidence of about 5%–32% and a

mortality rate of about 10% (3, 4).
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Despite the ongoing advancements in surgical techniques

leading to a reduction in the incidence of biliary complications

post OLT over the years, they remain the primary cause of

complications and mortality following OLT (5, 6). Common

biliary complications after OLT mainly include biliary leakage,

anastomotic stricture, non-anastomotic stricture, bile duct stones,

bile tumor, biliary bleeding, biliary casting syndrome and so on,

meanwhile, the main risk factors include bile duct diameter,

anastomosis technique, ischemia-reperfusion injury, ABO blood

group incompatibility, hepatic artery complications and

cytomegalovirus infection, among them, factors associated with

surgical procedures include inappropriate surgical techniques (such

as excessive dissection of peri-biliary tissue and excessive use of

electrosurgery), inappropriate suture materials, mismatch between

donor and recipient bile duct diameter, small diameter of donor

bile duct (<4 mm), and excessive anastomotic tension (7, 8).

biliary complications not only affect the living quality of OLT

recipients, but leading to surgical failure and re-transplantation as

well. Hence, the safe implementation of biliary reconstruction and

prevention of biliary complications remain the primary focus of

clinical research for patients with narrow biliary duct diameter and

donor-recipient bile duct diameter mismatch.

The application of cholecystic duct plasty (CDP) in liver

transplantation is a relatively new research field. CDP expands the

bile duct diameter by trimming the connection between the cystic

duct and the common bile duct, facilitating bile duct anastomosis

and promoting bile drainage. This reduces the incidence of bile

stasis and other complications, and improves the success rate of

liver transplantation. In our center, we employed CDP when the

common bile duct of the donor or recipient is too narrow, or

when there is a diameter discrepancy of more than 1/2 between

the donor and recipient bile ducts.

This research retrospectively analyzed the clinical data of 53

OLT patients who underwent CDP for biliary reconstruction in

our center, in order to explore the safety and effectiveness of this

novel technique for preventing biliary complications following OLT.
Materials and methods

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of

Helsinki (as revised in 2013) and was approved by the Ethics

Committee of Beijing Chaoyang Hospital (No. 2020-D.-304). All

recipients in this study received livers from donors post

circulatory death (DCD). Participant informed consent was

exempted because of the retrospective study design, and the

study design was approved by the appropriate ethics review board.
Patients’ selection and preoperative
characteristics

Data of patients undergoing OLT admitted to our hospital

from January 2015 to December 2019 were retrospectively
Frontiers in Surgery 02
analyzed. According to relevant inclusion/exclusion criteria, a

total of 127 eligible OLT patients were selected for analysis. The

authors take full responsibility for all aspects of the work,

ensuring that any questions regarding the accuracy or integrity of

any part of the work are thoroughly investigated and resolved.
Inclusion and exclusion criteria

Inclusion criteria: (1) patients underwent OLT from January

2015 to December 2019. (2) No restriction was imposed on age

and gender. (3) All patients were treated with orthotopic liver

transplantation. (4) Clinical and follow-up data of the patients

were complete. The diameter of the common bile duct was

measured directly by the surgeon during surgery. If the diameter

of the donor or recipient’s common bile duct is less than 6 mm,

or if the diameter of the donor and recipient’s common bile duct

differs by more than 1/2, CDP will be performed.

Exclusion criteria: (1) perioperative death. (2) Patients with

cholecystectomy. (3) Previous history of biliary tract-related

surgery (biliary exploration, ERCP, ENBD, etc). (4) Patients with

choledocholithiasis, cholecystolithiasis and other biliary diseases.

(5) Patients with autoimmune liver diseases such as autoimmune

hepatitis (AIH), primary biliary cirrhosis (PBC) and primary

sclerosing cholangitis (PSC).

In the present study, all recipients received livers from DCD

donors. The selection criteria for the donor liver included: (1) age,

generally no limitation. (2) Clinical history, previous viral,

alcoholic or fatty liver disease, history of hepatobiliary surgery,

uncontrolled abdominal infection, history of alcoholism and liver

trauma are usually considered as risk factors for poor prognosis of

liver transplantation. (3) Liver function, including transaminases,

bilirubin, alkaline phosphatase, lactate dehydrogenase (LDH),

albumin and coagulation tests, non-liver-derived factors should be

excluded based on clinical history. (4) Liver morphology, by liver

ultrasonography to rule out significant fatty liver, cirrhosis, fibrosis

or other morphological abnormalities. (5) Macroscopic observation

and perfusion of the liver, observation of liver color and changes

in the liver before and after perfusion. Usually significant liver

fibrosis, cirrhosis, or fatty liver is not transplantable (9).

A total of 127 patients, comprising 86 males and 41 females

with a male-to-female ratio of 1.3:1, met our inclusion criteria.

Their ages ranged from 21 to 73 years old, with a mean age of

50.1 ± 10.5 years. The main causes include 54 cases of liver

failure (37 cases of hepatitis cirrhosis, 7 cases of alcoholic liver

cirrhosis, 7 cases of drug-induced liver damage, 3 cases of

autoimmune liver disease), 38 cases of primary liver malignant

tumor [19 cases in accordance with Milan criteria, 29 cases in

accordance with Hangzhou criteria (10)], 31 cases of liver

cirrhosis (24 cases caused by hepatitis virus, 5 cases by alcohol

and 2 cases by autoimmunity). Liver re-transplantation caused by

chronic liver rejection in 3 cases and polycystic liver in 1 case.

Of all the patients, 82 (64.6%) cases had a history of hepatitis B,

16 (12.6%) cases had a history of hepatitis C, and 72 (56.7%)

cases had a previous history of esophagogastric variceal

hemorrhage. Among the 89 patients with benign disease, Child
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grading included: 3 cases of GRADE A, 35 cases of GRADE B, 51

cases of GRADE C and model of end-stage liver disease (MELD)

score was 7–46 (18.9 ± 8.9).
Patients grouping and definition

According to the mode of biliary tract reconstruction, patients

were divided into CDP group (Group 1, n = 53) and control group

(Group 2, n = 74). In Group 2, the common bile duct was

anastomosed end-to-end with 6-0 absorbable suture, continuous

posterior wall and intermittent anterior wall for biliary duct

reconstruction. In the Group 1, according to the diameter and

ratio of the common bile duct between the donor and recipient,

for the thinner side, the cystic duct was reserved in advance

during dissociation. During biliary reconstruction, the common

bile duct and the cystic duct were cut open to be close to the

medial wall. The 7-0 prolene line was used to suture the medial

wall of the common bile duct and cystic duct intermittently.

Forming an opening between the cystic duct and the common

bile duct, and then make an end-to-end anastomosis with the

other side of the common bile duct. To sum up, Group 1 were

able to be subdivided into three types according to the specific
FIGURE 1

Donor cholangioplasty. (A) Diagram of donor cholangioplasty pattern. (B) I
anastomosis with the recipient common bile duct after intraoperative donor
duct; R-CBD, Recipient Common Bile Duct.

FIGURE 2

Recipient cholangioplasty. (A) Diagram of recipient cholangioplasty pattern. (B)
anastomosis with donor common bile duct after intraoperative recipient cholan
R-CBD, recipient Common Bile Duct.
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shaping methods: donor choledochoplasty (Figure 1), recipient

choledochoplasty (Figure 2), donor-recipient choledochoplasty

(Figure 3). T tube was not placed in this group.
Surgical details and perioperative treatment

When removing the diseased liver, the cystic duct was divided

1–2 cm away from the common bile duct, and the common hepatic

duct was severed above the confluence level of the cystic duct. And

the specific CDP and biliary reconstruction techniques were

summarized as follows:

(1) Choledochoplasty of cystic duct—common bile duct on the

donor side:

(2) Choledochoplasty of gallbladder neck—common bile duct on

the donor side:

(3) Choledochoplasty of gallbladder neck-cystic duct—common

bile duct on the donor side:

(4) Choledochoplasty of cystic duct—common hepatic duct on

the recipient side:

The standard triple regimen of prednisone + tacrolimus/

cyclosporine +mycophenolate mofetil was employed as
ntraoperative donor cystic duct with choledochoplasty. (C) End-to-end
cholangioplasty. D-CBD, Donor Common Bile Duct; D-GD, Donor cystic

Intraoperative recipient cystic duct and choledochoplasty. (C) End-to-end
gioplasty. D-CBD, Donor Common Bile Duct; R-GD, recipient cystic duct;
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FIGURE 3

Donor-recipient cholangioplasty. (A) Diagram of donor and recipient cholangioplasty pattern. (B) The cystic duct and common bile duct of the donor and
recipient are formed separately during surgery. (C) end-to-end anastomosis after intraoperative donor and recipient cholangioplasty. D-CBD, Donor
Common Bile Duct; D-GD, Donor cystic duct; R-CBD, recipient Common Bile Duct; R-GD, recipient cystic duct.
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postoperative immunosuppressant therapy. The specific drug

regimen was modified based on monitoring of postoperative liver

function and drug concentration, in order to maintain

continuous improvement and stability of liver function within

the normal range.

Follow up strategy and index analysis

Our follow up was finished in June 2020 and the medium

follow-up period was 31 months. The perioperative information

and postoperative recovery condition of enrolled patients

(including gender, age, history of hepatitis, etiology of

transplantation, MELD score, Child grade, operation time, cold

ischemia time, blood loss, blood transfusion or not,

immunosuppression program and biliary complications) were

obtained from medical records and were compared between

different groups. All patients undergo regular physical

examination, drainage fluid and peripheral blood tests, and

abdominal CT in the early postoperative period. If any

abnormalities are detected, relevant tests are conducted promptly

to assess the presence of any associated complications. The

diagnosis of biliary complications was made by two experienced

hepatobiliary surgeons based on previous literature. We

scheduled follow-up for the 1st and the 3rd month within the

first 3 months. Then we arranged follow-up every 3 months

within the first 2 years after operation and every 6 months after

2 years. Tumor recurrence and death of patients indicated the

endpoints of follow-up visits.
Statistical analysis

Measurement data fitting normal distribution were expressed

as mean ± standard deviation while data fitting non-normal

distribution were expressed as median (interquartile range).

T-test was adopted for normal distribution and rank sum test

was used for non-normal distribution when comparing

measurement data between the two groups. Chi-square test was

used to compare the counting data between two groups and

Fisher’s exact probability method was used when the theoretical
Frontiers in Surgery 04
frequency was less than 1. The survival curve was calculated

using the Kaplan-Meier method and evaluated with the log-rank

test. Statistical significance was defined as P < 0.05 and all data

were analyzed by SPSS for Macintosh (version 24.0; IBM,

Armonk, NY).
Results

Surgical outcomes

All patients completed the operation successfully, the

intraoperative blood loss was 600 (500, 800) ml, blood

transfusion was performed in 65 cases (51.2%), and the

operation time was 6.2–13.3 (9.2 ± 1.7) hours. Out of the 53

patients who underwent CDP, donor choledochoplasty was

carried out in 36 cases, recipient choledochoplasty in 11 cases,

and donor-recipient choledochoplasty in 6 cases.
Comparison of perioperative data between
two groups

The comparison of perioperative baseline data between two

groups was shown in Table 1, which indicated that there was no

statistically significant difference in baseline data between two

groups (P > 0.05). Postoperative hospital stay ranged from 13 to

42 (22.3 ± 5.2) days, meanwhile, perioperative complications

occurred in 29 patients, with a morbidity rate of 22.8%, the

details of perioperative complications were shown in Table 2 and

there was no significant difference in between two groups (P >

0.05).
Comparison of long-term prognostic data
in different groups

Throughout the follow-up period, a total of 22 patients passed

away, with 10 cases attributed to tumor recurrence, 8 cases linked
frontiersin.org
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TABLE 2 Comparison of perioperative complications between patients in
the plastic control group.

Complication CDP group
(n = 53)

Control group
(n = 74)

P value

Acute rejection 3 5 0.905

Acute kidney injury 2 3 0.702

Lung infection 2 4 0.997

Abdominal infection 1 2 0.769

Hemoperitoneum 2 3 0.702

Biliary fistula 1 4 0.587

Graft-vs.-host disease 1 1 1.000

Hepatic artery thrombosis 0 1 1.000

TABLE 1 Comparison of perioperative baseline data between patients in
plastic control group.

Variable CDP group
(n = 53)

Control group
(n = 74)

P
value

Gender (M/F) 37/16 49/25 0.669

Age (year) 49.6 ± 11.1 50.4 ± 10.1 0.677

Pathology (benign/malignant) 38/15 51/23 0.736

Types of liver disease 0.157

Liver failure 20 34

Primary liver malignant tumor 15 23

Liver cirrhosis 16 15

Others 2 2

History of hepatitis (yes/no) 38/15 60/14 0.214

Esophagogastric variceal hemorrhage
(yes/no)

33/20 39/35 0.284

Child classification (A/B/C) 12/22/19 22/20/32 0.228

MELD score 18.0 ± 7.7 16.3 ± 10.0 0.288

Milan criteria (yes/no) 7/8 12/11 0.740

Hangzhou criteria (yes/no) 12/3 17/6 0.666

Donor common bile duct diameter (mm) 5.4 ± 1.4 5.8 ± 1.5 0.130

Recipient common bile duct diameter
(mm)

7.2 ± 1.3 7.7 ± 2.3 0.156

Intraoperative bleeding (ml) 600 (500, 800) 600 (500, 800) 0.112

Intraoperative transfusion (yes/no) 26/27 39/35 0.685

Procedure duration (h) 9.3 ± 1.5 9.2 ± 1.7 0.775

Cold ischemia time (h) 8.6 ± 2.1 8.3 ± 2.7 0.698

Warm ischemia time (min) 46.8 ± 10.9 50.2 ± 12.5 0.114

Immunosuppressive regimen
(tacrolimus/cyclosporine)

42/11 62/12 0.513

FIGURE 4

Long-term survival of patients. (A) Plot of overall long-term survival curve
(P= 0.274).

Wang et al. 10.3389/fsurg.2023.1087327
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to postoperative infection (including 5 cases of pulmonary

infection and 3 cases of biliary tract infection), 3 cases due to

chronic rejection, and 1 case caused by cerebral hemorrhage. The

overall survival curve of the patients was shown in Figure 4A.

The 1-, 3- and 5-year survival rates were 95.2%, 82.7% and

65.7%, respectively. The overall survival curves of two groups

were shown in Figure 4B. The 1-, 3- and 5-year survival rates of

patients in Group 1 and 2 were 96.1%, 85.5%, 74.8% and 94.5%,

77.8%, 60.7%, respectively (P = 0.274).
Differences of biliary complications
between two groups

During the follow-up period, 26 patients developed biliary

complications, with an overall incidence of 20.5%. Meanwhile,

the incidence of postoperative biliary complications and

anastomotic stenosis in Group 1 was lower than that in Group 2

(P < 0.05) (Table 3). The overall biliary complication curve of the

patient was shown in Figure 5A and the incidence rates of half a

year, 1 year and 2 years after operation were 15.0%, 19.0% and

21.2%, respectively. The occurrence curve of biliary complications

in two groups was shown in Figure 5B while the incidences of

half a year, one year and two years after operation in Group 1

and Group 2 were 9.4%, 11.3%, 11.3% and 18.9%, 24.6%, 28.2%,

respectively (P = 0.035).

Out of the patients who experienced early postoperative biliary

fistula, 5 were treated with biliary fistula repair. Additionally, 2

patients developed biliary anastomotic stricture in the long term

after surgery. Furthermore, 1 patient suffered from early

postoperative biliary bleeding and required laparotomy and

biliary hemostasis. 3 patients with choleoma were found early

after operation, among them, 2 patients underwent ERCP stent

implantation and 1 patient received oral drug therapy only.

Meanwhile, among the 16 patients with long-term postoperative

biliary anastomotic stenosis, 9 patients were complicated with

bile duct stones, 13 patients received ERCP balloon dilation &
of patients. (B) Long-term survival curve of patients in the two groups
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TABLE 3 Comparison of biliary complications between patients in the
plastic control group.

Variable CDP group
(n = 53)

Control group
(n = 74)

P value

Anastomotic stenosis 3 13 0.046

Non-anastomotic stricture 1 1 1.000

Biloma 1 2 0.769

Biliary fistula 1 4 0.587

Bile duct stone 2 7 0.379

Hemobilia 0 1 1.000

Bile duct mucocele 0 1 1.000

Biliary complications 6 20 0.031

Wang et al. 10.3389/fsurg.2023.1087327
stent implantation, 2 patients received ERCP balloon dilation

alone, and 1 patient received oral drug therapy only. 2 patients

with long-term postoperative non-anastomotic stenosis received

oral drug therapy. Of the 26 patients with biliary complications,

3 died of biliary infection and 1 underwent secondary liver

transplantation due to liver decompensation.
Discussion

Despite the rapid progress in liver transplantation-related

techniques, the incidence of biliary complications has remained

high in recent years, about 30% of the patients after

transplantation have biliary complications, including bile leakage,

anastomotic stricture, non-anastomotic stricture, bile duct stones,

etc., which has become one of the important factors seriously

affecting the survival rate and quality of life of OLT patients (2).

According to the different time period after OLT, the specific

types of biliary complications are also different. Sixty percent of

biliary complications following OLT occur within the first three

months after the operation, with ninety percent occurring within

one year. Two most common biliary complications are bile

leakage and anastomotic stricture. The incidence of bile leakage

after OLT is 20% and 27% of patients will have late anastomotic
FIGURE 5

Patient biliary complications. (A) The graph of overall incidence of biliary comp
two groups (P= 0.035).
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stricture. Although there are many factors affecting anastomotic

stricture and bile leakage following OLT, such as cold ischemia

time, chronic rejection, hepatic artery thrombosis and other

donor and recipient factors, anastomotic stenosis and bile leakage

caused by anastomotic technique are recognized as the main

causes (11). Previous studies have shown that recipients of livers

from DCD donors have an increased incidence of biliary

complications, primary nonfunction (PNF), and hepatic artery

thrombosis, and therefore poorer long-term outcomes compared

with donors donation after brain death (DBD), with a 30%

incidence of ischemic cholangiopathy (IC) for DCD LT and 2%–

4% for DBD LT (12–16). There is a strong correlation between

factors such as the presence of warm ischemia-induced damage

before cold ischemia during DCD (Donation after Circulatory

Death) donor acquisition, blood stasis during warm ischemia,

and microthrombosis of the microcirculation around the bile

duct (17–20). The national results of DCD LT are improving

with the in-depth study of the mechanisms of DCD LT-related

injuries and the practice of prevention strategies including

improvement of procurement based (super rapid technique,

minimizing warm ischemia time, and so on), minimizing cold

ischemia time, machine perfusion, etc (21, 22). In this study, 26

patients developed biliary complications during the follow-up

period, with an overall incidence of 20.5%. The incidence of

postoperative biliary complications and anastomotic stenosis in

CDP group was lower than that in control group (P < 0.05),

11.3% vs. 27.0%, 5.7% vs. 17.6%, respectively. This implies that

reconstruction of the common bile duct by CDP may be effective

in preventing biliary complications after OLT.

Kaldas et al. (23) conducted univariate analysis and logistic

multivariate analysis on 503 patients after OLT showed that biliary

reconstruction was one of the independent risk factors for biliary

complications of anastomosis. For patients with thin diameter of

common bile duct, if the suture is too dense, it is easy to cause

anastomotic stricture and ischemia due to the traction and

contraction effect of suture after knotting; if the suture is too

sparse, it is easy to cause biliary fistula. For patients with excessive
lications in patients. (B) The incidence curve of biliary complications in the
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difference in the diameter ratio of common bile duct between donor

and recipient, stenosis is more likely to occur on the thinner side

after suture, and biliary fistula is more likely to occur on the wider

side. Hence, the safe execution of biliary reconstruction and the

prevention of associated complications in such patients have

become a crucial area of focus in clinical research.

It has been reported that biliary stricture after liver

transplantation can be prevented by placement of a T-tube,

longitudinal incision and plasty of the biliary wall, and

choledochojejunostomy, but this is still controversial (24). In the

early stage of living donor liver transplantation,

choledochojejunostomy is the standard for bile duct reconstruction

and is still used. However, Roux-en-Y choledochojejunostomy has

its inherent disadvantages, such as easy contamination of the

abdominal cavity by jejunal contents during surgery, long operation

time, and delayed recovery of intestinal function, and

choledochojejunostomy abandons the normal biliary system

anatomy, abandons the use of the sphincter of Oddi, and

predisposes to biliary complications such as cholangitis and bile

duct stones after surgery, which is not conducive to the

postoperative application of endoscopic methods such as ERCP to

treat biliary complications (25, 26). Therefore, our center does not

routinely use choledochojejunostomy technique during surgery and

only recommends it when a duct to duct anastomosis is not

possible or appropriate.

Whether T-tube placement in liver transplantation can reduce

postoperative biliary complications is not clear. Weiss et al. (27)

showed through a randomized controlled study of 194 patients

that T-tube placement in liver transplantation can significantly

reduce the overall incidence of complications (27% vs. 53%, P <

0.05), but did not reduce the incidence of complications of

biliary fistula and anastomotic stricture. Scatton et al. (28)

through a multicenter randomized controlled study of 180

patients, showed that the incidence of biliary complications was

significantly higher in patients with intraoperative T-tube

placement than in those without T-tube placement (33.3% vs.

15.5%, P < 0.05). Sun et al. (29) performed a meta-analysis of six

randomized controlled studies on whether a T-tube was placed

during liver transplantation and found that T-tube placement

during liver transplantation did not reduce the incidence of

postoperative biliary complications. Moreover, the removal of the

T-tube within 3–6 months following surgery is mandatory after

its placement, which not only imposes additional challenges for

patients but also carries a risk of biliary fistula development.

Therefore, our center does not routinely place T-tube during

surgery, but for patients who undergo reoperation due to

postoperative biliary complications such as biliary fistula and

anastomotic stricture, because most of the local biliary tract

inflammation affects healing at this time, our center recommends

the placement of T-tube to prevent stricture.

A longitudinal incision and plasty of the biliary wall has been

reported in the literature to have a positive impact on preventing

biliary complications (30). However, for patients with large

difference in the diameter of donor and recipient common bile

duct, if the longitudinal incision of common bile duct is too

long, bile fistula and local biloma are likely to occur after
Frontiers in Surgery 07
operation, and excessive stretching of both sides after suture will

lead to thinning of common bile duct diameter and stenosis. In

addition, biliary reconstruction techniques such as bile duct

transposition techniques and bridging anastomosis mediated by

the gallbladder (31, 32), have also failed to be widely used

because of more postoperative biliary complications. End-to-end

biliary anastomosis is preferred increasingly this year due to its

ability to maintain the normal anatomical relationship of the

biliary system, facilitate endoscopy or treatment of biliary

complications, and provide a shorter operation time. In this

study, we utilized end-to-end biliary anastomosis.

There is a close relationship between the diameter of biliary

anastomosis and the occurrence of biliary complications (3).

Zhou et al. (33) analyzed the risk factors of biliary complications

in 258 orthotopic liver transplant recipients by univariate

analysis and logistic multivariate regression model, and the

results showed that biliary tract and biliary anastomotic diameter

were closely related to the occurrence of biliary complications

after liver transplantation. Studies have shown that a donor to

recipient biliary diameter ratio greater than 3:1 significantly

increases the incidence of biliary stricture, and

choledochojejunostomy is recommended for a ratio greater than

3:1 (34). The diameter of the donor liver, recipient biliary tract,

and their degree of compatibility are critical factors in

determining the anastomotic method and a significant predictor

of biliary anastomotic stricture (35, 36).

Biliary reconstruction was performed in our center using the

cystic duct plasty technique. On the one hand, the cystic duct is

not foreign body, and it is close and good to the common bile

duct, without postoperative necrosis and stenosis due to

ischemia, on the other hand, the cystic duct itself is connected to

the common bile duct, which can increase the diameter of the

common bile duct and prevent anastomotic stenosis.

Furthermore, performing end-to-end anastomosis following cystic

duct plasty maintains the native anatomical relationship and

reduces the risk of complications associated with

choledochojejunostomy, which is more in line with biliary

hydrodynamics. The results of our study also showed that for

patients with thin common bile duct diameter or large difference

in the proportion of donor and recipient common bile ducts, the

use of cystic duct plasty technique to reconstruct the biliary tract

can effectively reduce the overall incidence of postoperative

biliary complications and anastomotic stricture.

There are shortcomings in this study. First, this study is a

retrospective study, and the conclusion remains to be confirmed

by further multicenter randomized controlled studies. Second,

patients in the control group of this study had direct end-to-end

anastomosis without T-tube placement or other techniques to

prevent biliary complications, so it is not clear whether cystic

duct plasty is superior to other techniques in this study. Third,

we could not further analyze the results of various plasty

procedures based on donor factors, because the personal

information of donors is more private and there are difficulties

in obtaining them.

To sum up, employing the cystic duct plasty technique to

reconstruct the common bile duct appears to be a secure option
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for liver transplantation in patients with narrow common bile duct

diameters or significant mismatch in the donor-recipient common

bile duct proportions.
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