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percutaneous transhepatic cholangial drainage 
(PTCD). LCBDE is an important and minimally in‑
vasive treatment method for patients with choled‑
ocholithiasis. Single‑stage LCBDE+LC is superior 
to 2‑stage ERCP followed by LC in terms of tech‑
nical success, duration and cost of hospitalization, 
and complication rate (eg, pancreatitis, bleed‑
ing, duodenal perforation).1-6 LCBDE with T‑tube 
drainage remains a classic method for managing 
CBD stones, as it prevents bile leakage and bile 
duct stricture. However, its safety is questionable, 
as T‑tube placement may lead to complications, 
such as retrograde bacterial infection, electro‑
lyte imbalance, and bile peritonitis if the T‑tube 

INTRODUCTION  Currently, there are 2 main sur‑
gical approaches to managing common bile duct 
(CBD) stones combined with gallbladder stones. 
The first approach is laparoscopic CBD explora‑
tion (LCBDE) combined with laparoscopic cho‑
lecystectomy (LC). The second approach is en‑
doscopic retrograde cholangiopancreatography 
(ERCP) followed by LC. Classification of LCBDE 
comprises 3 major categories: simple primary clo‑
sure, T‑tube drainage, and primary closure com‑
bined with internal drainage. The last one is per‑
formed with the use of a biliary stent or exter‑
nal drainage, such as preoperative or intraoper‑
ative endoscopic nasobiliary drainage (ENBD) or 
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ABSTRACT

INTRODUCTION  Although laparoscopic common bile duct exploration (LCBDE) is considered a safe and 
effective method for treating choledocholithiasis, the absence of any biliary or abdominal drainage during 
surgery remains controversial.
AIM  This paper aims to investigate the feasibility and safety of LCBDE without drainage, particularly 
abdominal drainage.
MATERIALS AND METHODS  This retrospective analysis included 499 patients who underwent LCBDE with 
primary closure of the common bile duct and without any kind of biliary drainage during surgery. In 322 
individuals, the surgery involved routine abdominal drainage (drainage group), whereas in 177 cases, no 
abdominal drainage was performed (nondrainage group). Baseline characteristics of the 2 groups were 
compared, followed by propensity score matching (PSM) to balance confounding factors. We compared 
effect indicators and complication rates between both groups.
RESULTS  After PSM, each group included 124 patients. There were no significant differences between 
the 2 groups in terms of overall and individual complication rates, except for a lower incidence of hyper‑
amylasemia in the nondrainage group. The surgery time, duration of postoperative antibiotic use, and 
the total and postoperative length of hospital stay was significantly shorter in the nondrainage group. 
Similarly, the total hospitalization cost and postoperative usage of analgesics and antispasmodics were 
also considerably lower in the nondrainage group.
CONCLUSIONS  Nondrainage LCBDE is associated with shorter recovery time and better patient out‑
comes, as compared with procedures involving abdominal drainage. In suitable cases, this approach is 
completely safe and feasible.
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pulmonary infection, and deep vein thrombosis 
(DVT) of the lower extremities.

Inclusion criteria  All patients were preoperative‑
ly diagnosed with CBD stones, with or without 
gallbladder stones, using abdominal ultrasound, 
CT, or MRCP. All extrahepatic bile duct stones 
were completely removed, with the distal CBD 
and duodenal papilla remaining unobstructed, 
and the sphincter of Oddi functioning well. Pa‑
tients had complete clinical data, including hos‑
pitalization records, medical recommendations, 
examination results, and follow‑up information.

Exclusion criteria  The following exclusion criteria 
were applied: presence of intrahepatic bile duct 
stones, unremoved stones, or distal CBD stric‑
tures identified during intraoperative cholan‑
gioscopy, Mirizzi syndrome, Lemmel syndrome 
(periampullary duodenal diverticulum), history 
of multiple upper abdominal surgeries resulting 
in severe abdominal adhesions, acute suppurative 
cholecystitis, preoperative acute severe cholangi‑
tis or severe pancreatitis, concomitant malignant 
tumors (not limited to the liver, gallbladder, CBD, 
duodenum, or pancreas), and severe systemic or 
organic diseases, such as lupus nephritis, diabet‑
ic ketoacidosis, liver failure, and severe cardio‑
vascular diseases.

Definitions  Postoperative complications were 
defined as any deviation from the normal post‑
operative course, including asymptomatic com‑
plications. Complications were analyzed accord‑
ing to the Clavien–Dindo classification.15 As per 
the International Study Group of Liver Surgery,16 
bile leakage was defined as a bilirubin concentra‑
tion in the drainage fluid at least 3 times the se‑
rum bilirubin concentration on or after post‑
operative day 3, or the need for intervention‑
al drainage or surgical intervention due to bil‑
ious collections or bile peritonitis. The severity 
of bile leakage is classified into 3 groups: grade 
A requires no additional interventions, grade B 
requires active therapeutic interventions but can 
be managed without reoperation (eg, percutane‑
ous drainage), and grade C requires reoperation. 
Acute cholangitis was defined in accordance with 
the 2018 Tokyo guidelines.17 We adopted the def‑
inition of acute pancreatitis as per the revised 
Atlanta classification from the 2012 Internation‑
al Consensus Guidelines.18 Postoperative hyper‑
amylasemia was understood as postoperative 
serum amylase level greater than 115 U/l in pa‑
tients with normal preoperative serum amylase 
values (15–115 U/l, as per the reference range ad‑
opted in our hospital). We defined recurrent CBD 
stones as stones detected in the CBD more than 
6 months after complete removal of initial CBD 
stones.19 Postoperative usage of antispasmod‑
ics and analgesics was understood as routine‑
ly administered appropriate doses of antispas‑
modics and analgesics on the first postoperative 
day to accelerate recovery and encourage early 

is displaced.7,8 Additionally, it can cause incon‑
venience for patients in their daily lives. Prima‑
ry CBD closure has been proven safe9 and might 
be performed as a priority alternative to T‑tube 
drainage for choledocholithiasis.8,10 Some studies 
have reported that primary duct closure with bile 
duct stent insertion11 or intraoperative ENBD12 
shows better results in terms of postoperative 
hospital stay and hospitalization costs. Howev‑
er, not only may biliary stents, T‑tube drainage, 
or any kind of biliary drainage require additional 
procedures, but also neither of these approaches 
provides any added value for choledochotomy clo‑
sure, and they may even be charged with specific 
morbidity.13 In the case of patients with primary 
closure during LCBDE, a peritoneal cavity drain‑
age tube is routinely placed in the gallbladder fos‑
sa to reduce the risk of bile leakage.14

AIM  There are limited data on whether pa‑
tients can undergo LCBDE without any kind 
of drainage, including biliary drainage (such as 
T‑tube, biliary sent, ENBD, or PTCD) and peri‑
toneal drainage. This retrospective study aimed 
to evaluate the safety and feasibility of LCBDE 
without any kind of drainage for individuals with 
choledocholithiasis.

MATERIALS AND METHODS  General informa-
tion  We retrospectively analyzed patients with 
choledocholithiasis who underwent LCBDE with 
primary closure and without any kind of biliary 
drainage during surgery. The participants were 
treated at the General Surgery Department of 
our hospital between December 2020 and De‑
cember 2023. The study population was further 
divided according to the use of abdominal drain‑
age during LCBDE (drainage group vs nondrain‑
age group). Preoperative general characteristics 
of the 2 groups, including sex, age, chronic dis‑
eases (hypertension, diabetes, pulmonary infec‑
tion), preoperative acute cholangitis, and preop‑
erative biliary pancreatitis were recorded. The col‑
lected laboratory data included preoperative levels 
of total bilirubin (TBIL), direct bilirubin (DBIL), 
alanine aminotransferase, aspartate aminotrans‑
ferase, white blood cell count (WBC), neutrophil 
count, platelet count, C‑reactive protein, and pro‑
calcitonin. Imaging data included abdominal ul‑
trasound, computed tomography (CT), or magnet‑
ic resonance cholangiopancreatography (MRCP). 
Based on the imaging findings, the CBD diame‑
ter along with the size and number of CBD stones 
were assessed and recorded by radiology special‑
ists. The outcome measures of this study includ‑
ed surgical duration, hospitalization cost, total 
length of hospital stay, postoperative hospital 
stay, duration of postoperative antibiotic use, 
postoperative usage of antispasmodics and an‑
algesics, and incidence of postoperative compli‑
cations. The analyzed postoperative complica‑
tions comprised bile leakage, stone recurrence, 
CBD stricture, postoperative pancreatitis, hyper‑
amylasemia, peritoneal effusion, pleural effusion, 
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both inpatient and outpatient, and investigated 
the treatment process for any biliary diseases. 
After 6 months, we scheduled regular follow‑up 
phone calls to check whether the patients expe‑
rienced any symptoms related to biliary diseas‑
es or had any consultations at hospitals due to 
biliary conditions.

Ethics statement  This is a retrospective study, 
with all data derived from previously existing 
clinical records. It does not involve any disclo‑
sure of patient personal data or intervention type. 
Therefore, it did not require approval from an eth‑
ics committee or written informed consent from 
the participants. This study strictly adheres to 
data anonymization and privacy protection regu‑
lations. We followed the ethical principles for clin‑
ical research set out in the Declaration of Helsinki.

Statistical analysis  Data analysis was performed 
using SPSS software, version 27.0.1 (IBM Corp., 
Armonk, New York, United States). To check for 
confounding factors and reduce selection bias, 
propensity score matching (PSM) was conduct‑
ed. Propensity scores were estimated using a non‑
parsimonious multivariable logistic regression 
model,20 with the baseline characteristics listed 
in TABLE 1 used as covariates. Matching was per‑
formed using a 1:1 protocol without replacement 
(greedy matching algorithm), with a caliper width 
equal to 0.2 of the standard deviation of the log‑
it of the propensity score.21 Standardized mean 
differences (SMDs) of all baseline covariates were 
calculated before and after matching to evaluate 
balance. An SMD of less than 10% for a given co‑
variate indicated a relatively small imbalance.22

Continuous variables which followed a nor‑
mal distribution were presented as mean (SD), 
while those that did not were presented as me‑
dian and interquartile range (IQR). Categorical 
variables were represented as counts or percent‑
ages. To compare the continuous variables that 
followed a normal distribution, the indepen‑
dent sample t test or corrected t test was used. 
For those not following a normal distribution, 
the Mann–Whitney test was applied. Categorical 
variables were compared using the χ2 test, the χ2 
test with the continuity correction, or the Fisher 
exact test. A 2‑sided P value below 0.05 was con‑
sidered significant.

RESULTS  Comparison of baseline data  Between 
December 2020 and December 2023, a total of 
891 cholelithiasis surgeries were performed in our 
center (excluding simple cholecystectomies), of 
which were 863 laparoscopic procedures and 28 
were open surgeries. Conversion to open surgery 
was required in 6 cases due to dense abdominal 
adhesions that prevented normal tissue dissec‑
tion under laparoscopy. One patient died of car‑
diac arrest caused by severe aortic stenosis. Of 
the 891 surgeries, 93 involved T‑tube drainage, 
while simple primary closure of the CBD was per‑
formed in 798 individuals. A total of 499 patients 

mobilization. If the patient reported intolerable 
pain, the attending physician or on‑duty physi‑
cian administered antispasmodics or analgesics 
within safe limits, as needed. The commonly used 
analgesics at our center include tramadol, flur‑
biprofen axetil, and parecoxib sodium. The com‑
monly used antispasmodics include drotaverine 
and racanisodamine hydrochloride. Each medi‑
cation administration followed the dosage rec‑
ommended in the summary of product charac‑
teristics (with dosage adjustments for the el‑
derly, children, or patients with liver or kidney 
insufficiency). Each administration was consid‑
ered 1 treatment unit.

Surgical procedures  LCBDE with primary closure 
was performed by specialists with over 5 years of 
experience in hepatobiliary or laparoscopic sur‑
gery. Their job positions varied from attending 
physician to chief surgeon. During LCBDE, a stan‑
dard 4‑port technique was used. After the patient 
was placed in the supine position, 2 10‑mm tro‑
cars were respectively inserted: the one above 
the umbilical region was used for the camera, 
whereas the other one placed the subxiphoid area 
served as the main working port and choledo‑
choscope. The other 2 5‑mm trocars were insert‑
ed in the right anterior axillary line and the right 
midclavicular area, respectively, for the auxiliary 
working port. During the surgery, standard cho‑
lecystectomy was also performed in all but 43 
patients (8.6%) who had undergone cholecys‑
tectomy in the past. Longitudinal choledochot‑
omy was made in the anterior aspect of the CBD. 
Stones were removed by applying saline irriga‑
tion and a stone retrieval basket. A 5‑mm flex‑
ible choledochoscope (Olympus, Tokyo, Japan) 
was routinely used to examine the clearance of 
the distal and proximal CBD and the intrahepatic 
bile duct. No intraoperative cholangiography was 
performed. The choledochotomy incisions were 
primarily closed by interrupted suture using Vic‑
ryl 3–0 or 4–0 suture material (Ethicon Compa‑
ny, New Brunswick, New Jersey, United States). 
As in most hospitals, we routinely place a drain‑
age tube at the Winslow foramen after LCBDE 
and remove it if there is no bile leak. In the cas‑
es without abdominal drainage tube placement, 
the following criteria must be met: confirmation 
of the complete removal of the stones in the bile 
duct by intraoperative cholangioscopy, accurate 
suturing of the CBD, and minimal abdominal con‑
tamination during surgery or adequate abdomi‑
nal irrigation. If these requirements are fulfilled, 
we consider not placing an abdominal drainage 
tube after LCBDE.

Follow‑up  All patients underwent long‑term 
follow‑up of at least 6 months. During the first 
6 months postsurgery, follow‑up was primarily 
conducted in the outpatient department and in‑
cluded routine blood tests, liver function tests, ul‑
trasound, CT, or MRCP. We reviewed all relevant 
data from the electronic medical record system, 
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bile leakage (P = 0.12), CBD stricture (P >0.99), 
pulmonary infection (P >0.99), peritoneal effu‑
sion (P = 0.12), pleural effusion (P >0.99), gas‑
troparesis (P >0.99), and DVT of the lower ex‑
tremities (P >0.99). However, the incidence of 
postoperative hyperamylasemia was higher in 
the drainage group than in the nondrainage group 
(P = 0.006).

As illustrated in TABLE 3, we evaluated the ef‑
fect indicators in the 2 matched cohorts. Over‑
all, the nondrainage group demonstrated better 
outcomes than the drainage group. Specifically, 
the nondrainage group was characterized by lower 
total hospitalization cost (P = 0.01), shorter oper‑
ative time (P <0.001) as well as shorter total and 
postoperative hospital stay (both P <0.001). Addi‑
tionally, the duration of postoperative antibiotic 
use (P <0.001) was shorter and the need for anti‑
spasmodics (P = 0.001) and analgesics (P <0.001) 
was less prevalent in the nondrainage group, as 
compared with the drainage group.

DISCUSSION  To our best knowledge, this is 
the first study involving patients in whom LCBDE 
was performed without any biliary or abdominal 
drainage. Prior to this study, we collected data 
from 123 patients with CBD stones who under‑
went LCBDE at our hospital between January 
2014 and November 2020 (unpublished data). 
These patients were subjected to simple prima‑
ry closure without any drainage. The surgery re‑
sulted in removal of all stones in the whole study 
group, with a mean (SD) operative time of 95.8 
(25) minutes and a mean (SD) postoperative 

met the inclusion criteria. All of them under‑
went LCBDE with primary closure of the CBD 
and without any kind of biliary drainage (such 
as T‑tube, biliary stent, ENBD, etc.) during sur‑
gery. Of the 499 patients, 177 underwent LCBDE 
without abdominal drainage, whereas routine ab‑
dominal drainage was performed in 322 partic‑
ipants. TABLE 1 details the baseline characteris‑
tics of the groups before and after PSM, includ‑
ing sex, age, comorbidities (hypertension, dia‑
betes, pulmonary infection, preoperative acute 
cholangitis, preoperative biliary pancreatitis), 
preoperative laboratory data (TBIL, DBIL, and 
WBC), and imaging data (CBD diameter, num‑
ber of CBD stones). Prior to PSM, several base‑
line variables differed between the 2 groups, in‑
cluding sex (SMD, 14.1%), prevalence of diabetes 
(SMD, 17.4%) and preoperative acute cholangi‑
tis (SMD, 22.8%), CBD diameter (SMD, 23.5%), 
number of CBD stones (SMD, 15.4%), preopera‑
tive TBIL (SMD, 24.2%), preoperative DBIL (SMD, 
24.2%), and preoperative WBC (SMD, 18.5%). Af‑
ter PSM, 124 patients in the nondrainage group 
were matched with 124 individuals in the drain‑
age group. After matching, SMDs for all variables 
were less than 10%, indicating minimal differenc‑
es between the 2 groups (TABLE 1, FIGURE 1).

Comparison of outcomes  The rates of postopera‑
tive complications in the 2 matched cohorts are 
compared in TABLE 2. There were no notable differ‑
ences between the groups in terms of total post‑
operative complications (P = 0.08), acute pancre‑
atitis (P >0.99), recurrent CBD stones (P = 0.25), 

TABLE 1  Baseline patient characteristics before and after propensity score matching

Parameter Before matching SMD, % After matching SMD, %

Drainage group 
(n = 322)

Nondrainage 
group (n = 177)

Drainage group 
(n = 124)

Nondrainage 
group (n = 124)

Age, y, mean (SD) 62.7 (13.49) 61.53 (14.51) 8.7 62.42 (13.45) 61.9 (13.86) 3.9

Sex Men 170 (52.8) 81 (45.8) 14.1 63 (50.8) 63 (50.8) 0

Women 152 (47.2) 96 (54.2) 14.1 61 (49.2) 61 (49.2) 0

Comorbidities Diabetes mellitus 60 (18.6) 21 (11.9) 17.4 15 (12.1) 15 (12.1) 0

Hypertension 73 (22.7) 40 (22.6) 0.2 28 (22.6) 26 (21) 3.9

Pulmonary 
disease

23 (7.1) 13 (7.3) 0.8 10 (8.1) 9 (7.3) 3.1

Biliary tract 
infection

83 (25.8) 28 (15.8) 22.8 26 (21) 21 (16.9) 9.2

Acute pancreatitis 55 (17.1) 25 (14.1) 7.9 19 (15.3) 16 (12.9) 6.4

Number of stones Single 163 (50.6) 76 (42.9) 15.4 81 (56.3) 75 (52.1) 1.6

Multiple 130 (40.4) 65 (36.7) 7.4 56 (38.9) 64 (44.4) 4.8

Uncertain 29 (9) 36 (20.3) 39.6 7 (4.9) 5 (3.5) 10

Preoperative TBIL, μmol/l 29.83 (18.2–67.93) 24.3 (13.4–54.95) 24.2 24.5 (15.88–49.6) 27.6 (15.05–59.53) 1.9

Preoperative DBIL, μmol/l 11 (4.78–38.25) 7.2 (2.6–25.2) 24.2 8 (3.53–19.58) 8.85 (3.03–32.48) 2.7

Preoperative WBC count, 109/l, 
mean (SD)

7.95 (3.62) 7.28 (3.03) 18.5 7.55 (2.76) 7.41 (2.81) 3.7

CBD diameter, mm, mean (SD) 15.22 (5.63) 13.9 (4.68) 23.5 14.23 (4.84) 14.31 (4.62) 1.4

Data are presented as a number (percentage) of patients or median (interquartile range) unless indicated otherwise.

Abbreviations: CBD, common bile duct; DBIL, direct bilirubin; SMD, standardized mean difference; TBIL, total bilirubin; WBC, white blood cell
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such as pancreatitis.24 Therefore, LCBDE should 
be considered the optimal treatment choice for 
cholecysto‑choledocholithiasis.24-27 In the past, 
intraoperative cholangiography was used rather 
than cholangioscopy, but this approach did not 
allow for ascertaining whether the stones had 
been removed completely; therefore, postoper‑
ative T‑tube placement was particularly impor‑
tant. The T‑tube is used to alleviate biliary pres‑
sure and reduce the risk of bile leakage. More‑
over, it provides support to the CBD, preventing 
its stricture. Additionally, the T‑tube can be used 
for postoperative cholangiography to detect any 
residual stones and provide a pathway for their 
removal through the tube.28 However, the draw‑
backs of T‑tube placement have become increas‑
ingly apparent. These include hindering patient 
postoperative mobility and gastrointestinal func‑
tion recovery, causing electrolyte imbalances due 
to bile loss, and bringing about the potential for 
severe complications, such as biliary peritonitis 
if the T‑tube dislodges.10 With the wide use of in‑
traoperative cholangioscopy and improvements 
in operative techniques, T‑tube still plays a sig‑
nificant role in specific cases, especially when 
CBD stricture is identified intraoperatively or 
when bile duct stones cannot be completely re‑
moved. However, in many uncomplicated cases, 
the use of a T‑tube has proven inconvenient and 
unnecessary.10,13,29 LCBDE with simple primary 
closure of the CBD was proven to be safe9,30-32 

hospital stay of 2.3 (1.1) days. Two patients 
(1.6%) experienced postoperative complications, 
including 1 case of biliary infection and 1 case of 
biliary bleeding, both of which resolved follow‑
ing conservative treatment. There were no cas‑
es of bile leakage, CBD stricture, or reoperation. 
The preliminary data indicated that LCBDE with‑
out any drainage was associated with shorter re‑
covery time and a low and acceptable rate of post‑
operative complications. Furthermore, the com‑
plications observed in these 2 cases could not 
have been mitigated by the use of abdominal 
drainage tubes. Our preliminary study suggests 
that nondrainage LCBDE is safe. However, there 
were several limitations to our earlier research, 
such as significant selection bias, as we tended to 
choose simpler cases for nondrainage surgeries, 
which led to overly positive results. Additionally, 
the sample was too small, and even with a con‑
trol group, we could not balance the confounding 
factors between the groups. Therefore, we con‑
ducted the present study to further investigate 
the safety and feasibility of nondrainage LCBDE.

The  benefit of bile duct drainage during 
LCBDE is debatable. In the era of laparoscopic 
surgery, single‑stage LCBDE is proven superior 
to ERCP + LC23 in terms of hospital stay duration, 
need for additional procedures, and cost-effec‑
tiveness.2 Additionally, LCBDE is associated with 
a higher rate of complete stone clearance and 
a lower incidence of postoperative complications, 

FIGURE 1�  Baseline patient characteristics before and after propensity score matching 
Abbreviations: see TABLE 1
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tube or gastrointestinal spasms induced by its 
presence in the abdominal cavity. Additionally, 
the operative time, total length of hospital stay, 
postoperative hospital stay, and duration of post‑
operative antibiotic use were significantly short‑
er, and the total hospitalization cost was lower in 
the nondrainage than in the drainage group. In 
the nondrainage group, the duration of preventive 
antibiotic use generally did not exceed 48 hours 
postoperatively, while in the patients who under‑
went abdominal drainage, it was extended due to 
the potential risk of retrograde infection through 
the drainage tube, inevitably leading to some bias. 
Patients in the nondrainage group could gener‑
ally be discharged 1 to 2 days after the surgery if 
blood test results were normal, whereas the indi‑
viduals who underwent drainage had to wait for 
the drainage tube to be removed before discharge 
could be considered. Consequently, the hospital‑
ization time in the drainage group was extended, 
which increased the hospitalization cost. The me‑
dian (IQR) length of postoperative hospital stay 
in the nondrainage group was 2 (1–2) days, which 
is shorter than that reported in most previous 
studies.9,11,14,23,30-32,40

Regarding postoperative complications, af‑
ter PSM, 14 patients (11.3%) in the nondrain‑
age group experienced complications, including 6 
cases (4.8%) of hyperamylasemia, 3 cases (2.4%) 
of recurrent CBD stones, and 1 case (0.8%) each 
of acute pancreatitis, CBD stricture, pulmonary 
infection, pleural effusion, and gastroparesis. In 
the drainage group, 24 patients (19.4%) experi‑
enced complications, including 19 cases (15.3%) 
of hyperamylasemia, 4 (3.2%) cases of bile leak‑
age, 2 cases (1.6%) of pulmonary infection, and 1 
case (0.8%) each of peritoneal effusion and DVT. 
Most complications (97.18%) were classified as 
Clavien–Dindo grade I or II. The patients with 
postoperative hyperamylasemia did not require 
clinical intervention. The individuals with acute 
pancreatitis, mild CBD stricture, pulmonary in‑
fection, and gastroparesis recovered after conser‑
vative treatment. Among the 4 patients with bile 

and might be performed as a first‑choice treat‑
ment in patients with choledocholithiasis.8,33-35

Recently, other types of bile duct drainage, 
including bile duct stent insertion,10,11 sponta‑
neously removable biliary stent drainage,36 D‑J 
tube drainage,37 pigtail J‑tube drainage,38 and in‑
traoperative ENBD,12,39 have shown better results 
than T‑tube drainage and / or primary duct clo‑
sure in terms of postoperative hospital stay and 
hospitalization cost. These methods also help al‑
leviate biliary pressure and reduce the risk of bile 
leakage to some extent. However, some research‑
ers found that antegrade stents or T‑tube inser‑
tion do not provide any added value for choled‑
ochotomy closure, and that they are associated 
with specific morbidity.13 Additionally, a study by 
Yin et al28 indicated no significant benefit of var‑
ious internal or external drainage techniques for 
primary duct closure. Simultaneously, Lai et al14 
demonstrated that primary closure of the CBD 
in LCBDE without any biliary drainage (includ‑
ing T‑tube, nasobiliary duct, or biliary stent) is 
feasible and safe in selected patients meeting 
specific criteria. Therefore, additional bile duct 
drainage may be unnecessary for most patients 
with CBD stones.

In patients at a high risk of bile leakage, such 
as those with unsatisfactory CBD sutures, severe 
local adhesions, or severe infection at the surgi‑
cal site, abdominal drainage is conventionally 
used to mitigate the consequences of such leak‑
age. However, similarly to various forms of inter‑
nal and external biliary drainage (eg, a T‑tube), 
abdominal drainage may be unnecessary, espe‑
cially if the surgery is performed by a team with 
vast experience in primary closure in LCBDE, 
and in most uncomplicated cases. The absence 
of abdominal drainage reduces patient discom‑
fort, which accelerates postoperative recovery. 
In our study, after PSM, the use of postoperative 
antispasmodics and analgesics was significantly 
less prevalent in the nondrainage group, as com‑
pared with the drainage group. This might be due 
to the pain caused by the traction of the drainage 

TABLE 2  Comparison of postoperative complications between the groups after propensity score matching

Parameter Drainage group 
(n = 124)

Nondrainage group 
(n = 124)

P value

Total postoperative complications 24 (19.4) 14 (11.3) 0.08

Hyperamylasemia 19 (15.3) 6 (4.8) 0.006

Acute pancreatitis 0 1 (0.8) >0.99

Common bile duct stone recurrence 0 3 (2.4) 0.25

Bile leakage 4 (3.2) 0 0.12

Common bile duct stricture 0 1 (0.8) >0.99

Pulmonary infection 2 (1.6) 1 (0.8) >0.99

Peritoneal effusion 1 (0.8) 0 0.12

Pleural effusion 0 1 (0.8) >0.99

Gastroparesis 0 1 (0.8) >0.99

Deep vein thrombosis 1 (0.8) 0 >0.99

Data are presented as a number (percentage) of patients.
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of CBD be performed during LCBDE. It is essen‑
tial to minimize biliary leaks to ultralow levels 
so as to avoid abdominal drainage. In our study, 
when opening the CBD, an electrocautery hook 
was typically used to make a longitudinal incision 
of 1 to 1.5 cm in the anterior wall. The incision 
length should be sufficient to allow for choledo‑
choscope entrance and subsequent stone removal, 
but it should not be excessively large. The choled‑
ochotomy incisions were primarily closed with in‑
terrupted sutures using Vicryl 3–0 or 4–0 suture 
material. After stone removal, sutures were first 
placed at the upper and lower ends of the incision 
(slightly beyond the incision site). The stitches 
should be spaced 1 to 1.5 mm apart, with a mar‑
gin of 1 to 2 mm from the incision edge, ensur‑
ing full‑thickness, interrupted mucosa‑to‑mucosa 
sutures. If the serosa of the hepatoduodenal liga‑
ment was prominent, it had to be sutured and re‑
inforced. During surgery, gauze and suction were 
repeatedly used to confirm the absence of signifi‑
cant bile leakage from the suture line. Special at‑
tention should be paid to maintaining appropri‑
ate spacing between stitches, ensuring adequate 
knot tension, and avoiding bile leakage from nee‑
dle holes caused by repeated needle insertion.

Our study has certain limitations. Due to its 
nonrandomized, retrospective design, inherent 
confounding factors exist. Although we used PSM 
to effectively reduce the confounding bias, some 
unaccounted‑for confounders may still be pres‑
ent. Additionally, certain outcome measures, such 
as the length of postoperative hospital stay and 
the duration of postoperative antibiotic use, may 
be discrepant due to variations in clinical prac‑
tices and subjective judgments among different 
surgeons. Moreover, we did not use convention‑
al pain scores41 to evaluate postoperative pain 
levels. Instead, we used the more objective mea‑
sures of postoperative usage of antispasmodics 
and analgesics to reflect patient pain levels. How‑
ever, differences in empirical medication practic‑
es among different surgeons may give way to ad‑
ditional bias. In our study, the procedures were 
performed by surgeons with varying levels of 
expertise, from attending to chief physicians. 
This shows that performing LCBDE without any 

leakage, 3 were classified as grade A and did not 
require clinical intervention, while 1 was clas‑
sified as grade B and recovered smoothly after 
ultrasound‑guided percutaneous drainage and 
anti‑infective treatment. One patient with peri‑
toneal effusion and 1 individual with pleural ef‑
fusion required additional drainage. Only 3 pa‑
tients with recurrent CBD stones and 1 patient 
with DVT required additional surgical treatment. 
In both groups the complication rates were high‑
er than reported in most previous studies. This is 
because many studies6,9,11,14,30,31,39 either do not 
focus on postoperative hyperamylasemia or do 
not consider it a postoperative complication.39 
According to the Clavien–Dindo definition, com‑
plications should be understood as any deviations 
from the normal postoperative course, including 
asymptomatic complications. Hence, we classi‑
fied postoperative hyperamylasemia as a com‑
plication. Our results indicate that the total and 
individual complication rates (except for hyper‑
amylasemia) did not differ significantly between 
the nondrainage and drainage groups, suggesting 
that LCBDE without drainage does not increase 
the risk of postoperative complications and is 
equally safe and effective in eligible cases. The in‑
cidence of postoperative hyperamylasemia in 
the drainage group was significantly higher than 
in the nondrainage group (15.3% vs 4.8%). This is 
likely due to the fact that the abdominal drainage 
tube is a foreign body causing local inflammation 
and irritation in the abdominal cavity. The tube 
might also stimulate the gastrointestinal tract, 
leading to spasms and promoting the release of 
pancreatic enzymes, which is why longer opera‑
tive time in the drainage group may lead to pro‑
longed pneumoperitoneum and anesthesia time 
during surgery. However, these are only supposi‑
tions, and further investigation is needed to ex‑
plore the potential risk factors for postoperative 
hyperamylasemia following LCBDE.

To ensure clinical safety, we recommend that 
nondrainage LCBDE be performed by surgical 
teams experienced in LCBDE and primary closure 
of CBD. Only when CBD stones are completely ex‑
tracted, the lower end of the CBD is free of steno‑
sis, and bile excretion is clear can primary closure 

TABLE 3  Comparison of effect indicators between the groups after propensity score matching

Parameter Drainage group 
(n = 124)

Nondrainage group 
(n = 124)

t/χ2 P value

Total hospitalization cost, CNY 25 085.55 
(22 046.83–29 372.33)

23 546.29 
(21 735–26 163.33)

2.499 0.01

Total length of hospital stay, d 8 (6–11) 6 (4–8) 4.417 <0.001

Length of postoperative hospital stay, d 3 (2–5) 2 (1–2) 8.567 <0.001

Operative time, min 120 (95–145) 110 (90–125) 2.791 0.005

Duration of postoperative antibiotic use, d 3.5 (3–5) 2 (1–3) 7.366 <0.001

Postoperative doses of analgesics, n 2 (1–4) 1 (0.25–2) 4.296 <0.001

Postoperative doses of antispasmodics, n 2 (0–5.75) 1 (0–2) 3.175 0.001

Data are presented as median (interquartile range). 
Abbreviations: CNY, Chinese yuan
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drainage primarily requires an understanding of 
the importance of accelerated recovery postsur‑
gery, and willingness to challenge the traditional 
approach involving routine drainage. From Jan‑
uary 2014 to November 2020, we completed 123 
nondrainage LCBDE surgeries, while from De‑
cember 2020 to December 2023, 177 such proce‑
dures were performed. The increase in the volume 
of this surgery reflects a shift in surgical philoso‑
phy from a traditional standpoint to an approach 
focused on accelerated recovery. Future research 
in this field requires larger sample sizes, multi‑
center participation, and prospective study de‑
signs to draw more reliable conclusions.

CONCLUSIONS  LCBDE without any kind of bil‑
iary or abdominal drainage is a safe and feasible 
method for eligible patients, provided it is per‑
formed by experienced surgical teams.
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