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Abstract

Background As a minimally invasive treatment for common bile duct (CBD) stones, ultrasound-guided percutaneous

transhepatic cholangioscopic lithotripsy (PTCSL) is gaining attention and recognition from the medical community.

Methods A retrospective analysis was conducted on patients with CBD stones treated in our hospital from January

2016 to April 2022. Patients were divided into three groups: 77 treated with PTCSL, 93 with endoscopic retrograde

cholangiopancreatography (ERCP), and 103 with laparoscopic common bile duct exploration (LCBDE). Their

clinical data, perioperative indicators, and complications were analyzed comparatively. Then, risk factors for the

post-PTCSL recurrence of CBD stones were analyzed by logistic regressions. Finally, the receiver operating char-

acteristic curve was drawn.

Results All perioperative indicators of the PTCSL group were better than the LCBDE group (P\ 0.001). The

incidences of cholangitis, hemobilia, and incisional infection after surgery were lower in the PTCSL group than in the

LCBDE group (P\ 0.05). Pancreatitis, reflux esophagitis, and papillary stenosis occurred less frequently in the

PTCSL group than in the ERCP group (P\ 0.05). Logistic regression analysis indicated that gallstones and family

history were independent risk factors. The AUC for recurrent CBD stones predicted by multi-indicators was 0.895

(95% CI 0.792–0.999, P\ 0.001) with a sensitivity of 96.7% and specificity of 68.8%.

Conclusions Ultrasound-guided PTCSL is a safe and effective treatment for CBD stones. Patients recovered quickly

with fewer postoperative complications. It can be a first-line treatment for CBD stones. Gallstones and family history

are independent risk factors for recurrent CBD stones, which provide a reference for clinicians in identifying the

high-risk population needing close follow-up.

Abbreviations

PTCSL Percutaneous transhepatic cholangioscopic

lithotripsy

CBD Common bile duct

ERCP Endoscopic retrograde cholangiopancreatography

LCBDE Laparoscopic common bile duct exploration

ROC Receiver operating characteristic

AUC The area under the receiver operating

characteristic curve

IHD Intrahepatic duct

EST Endoscopic sphincterotomy
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Introduction

Common bile duct (CBD) stones are a common biliary

disease and a major cause of benign biliary obstruction [1].

CBD stones can also lead to complications such as

cholangitis, pancreatitis, and jaundice. It is clinically nec-

essary to manage CBD stones as soon as possible, even if

the patients are asymptomatic [2]. Currently, CBD stones

are mainly treated with endoscopic retrograde cholan-

giopancreatography (ERCP) [3]. However, ERCP is

unsuitable for patients who experienced gastrointestinal or

biliary surgery, as the partial abnormalities of biliary

anatomy after surgery will render the ERCP ineffective [4].

Laparoscopic common bile duct exploration (LCBDE) is

the primary treatment alternative for whom ERCP is not

successful or possible [5]. Previous surgeries involving the

upper abdomen pose an increasing challenge for LCBDE

due to potential complications in identifying the anatomical

structures of Calot’s triangle and the CBD [6, 7]. As a new

treatment option, the ultrasound-guided percutaneous

transhepatic cholangioscopic lithotripsy (PTCSL) can clear

the stones by inserting a choledochoscope through a tract

created between the skin and intrahepatic duct with ultra-

sound guidance. Stones at the end of the bile duct can be

taken and biliary stricture can be fixed with minimal

invasion and fast recovery, avoiding repeated open surgery.

These advantages make PTCSL an essential treatment for

CBD stones. However, this minimally invasive technique

has not been fully popularized. PTCSL remains to be a

second-line treatment for CBD stones and there are few

related studies. Therefore, a retrospective analysis was

conducted on patients undergoing PTCSL, ERCP, and

LCBDE in our hospital. The clinical data, perioperative

indicators, and postoperative complications were compared

to evaluate the clinical efficacy and safety of PTCSL in

treating CBD stones. It is expected that this research could

provide evidence for clinical practice. We also hope that

the comparative analysis of risk factors for the post-PTCSL

recurrence of CBD stones would serve as a reference for

clinicians in identifying the high-risk population to follow

up closely.

Materials and methods

Research subjects

Patients underwent ultrasound-guided PTCSL/ERCP/

LCBDE for CBD stones in our hospital from January 2016

to April 2022. A total of 85 participants were treated with

PTCSL, 170 with ERCP, and 206 with LCBDE. Inclusion

criteria: (1) aged 18 years and older; (2) diagnosed with

CBD stones via color Doppler ultrasound, CT, or MRCP;

(3) preoperative liver function graded as Child–Pugh class

A, class B; (4) no residual stones shown in postoperative

cholangiography or CT; (5) followed up by 6 months and

longer. Exclusion criteria: patients with biliary malforma-

tions or malignant tumors; (2) pregnant and breastfeeding

women; (3) absent or incomplete clinical data; (4) failure

of the operation or a change in the course of surgery

patients. Finally, 77 participants treated with PTCSL, 93

with ERCP, and 103 with LCBDE were included.

Examination procedures

PTCSL group

When general anesthesia was delivered, ultrasound-guided

percutaneous transhepatic biliary drainage (PTBD) was

performed following the standard surgical procedure.

Detailed steps are as follows: first, the desired bile duct was

punctured using an 18-gauge coaxial needle (Hakko,

Japan) under ultrasound guidance (Fig. 1a). Upon the

successful puncture of the bile duct, the core needle was

removed, and a 0.018-inch guidewire (Cook, America) was

advanced into the bile duct along the outer needle which

was then withdrawn. A dilator catheter from 8F to 16F

(Cook, America) was placed along the guidewire to dilate

the passage. After the passage was dilated, a 16-gauge

sheath (SPECATH, Foshan, China) was inserted along the

guidewire (Fig. 1b). Last, a rigid choledochoscope (CHF

type P10, Olympus, Tokyo, Japan) was placed into the bile

duct through the sheath for performing PTCSL (Fig. 1c).

Assisted with choledochoscope, the stone was extracted

(Figs. 1d, 2a) via basket (Cook, America) or clamp

(Richard Wolf, Germany). The CBD stones were frag-

mented with a pneumatic urological lithotripter (Swiss

LithoClast, Switzerland) and probe (Swiss LithoClast,

Switzerland) when necessary, and then flushed out of the

body with water. All procedures were performed in the

CBD via sheath without contact with the tract wall. Once

the procedures were completed, choledochoscope and

ultrasound were used to check the presence of residual

stones. The stones left could be removed precisely with

ultrasound guidance. If the stones were all cleared,

cholangiography was conducted forthwith (Fig. 3a) to

evaluate the patency of the duodenal papilla (Fig. 3b). In

the end, a 16F external biliary drainage catheter was placed

with ultrasound guidance (Fig. 2b) to drain the bile for

2–3 days, and a follow-up cholangiography via DSA or CT

was carried out (Fig. 2c, d). Outpatient follow-up visits

lasted more than six weeks after the surgery, and the

drainage tube was clamped for a period of 1–2 days. If

there were no indications of fever or jaundice during this

period, the catheter was then safely removed.
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LCBDE group and ERCP group

LCBDE was performed under general anesthesia following

the standard surgical procedure. Once the procedure was

completed, choledochoscope was used to check if there

were intrahepatic duct (IHD) stones retained. After the

surgery, a 14Fr drainage catheter (SDTE, Shandong,

China) was inserted into the CBD in the surgical site for

postoperative drainage and cholangioscopy. If residual

stones were detected by postoperative cholangioscopy,

they would be removed through the drainage tract.

Midazolam and Propofol were administered intra-

venously for sedation prior to ERCP. All procedures were

performed using a duodenoscope (JF-260 V, TJF-260 V,

Olympus, Tokyo, Japan). The catheter was inserted into the

CBD through the duodenal papilla. If necessary, endo-

scopic papillary balloon dilation (EPBD) or endoscopic

sphincterotomy (EST) would be performed. Standard

techniques such as basket, balloon, or mechanical litho-

tripsy were adopted to clear stones. After the surgery, a

nasobiliary catheter was placed into the CBD for temporary

drainage. If the postoperative cholangiography was normal,

the nasobiliary catheter would be withdrawn 3–5 days after

the surgery.

Data collection

Data collected from three groups included: (1) participants’

characteristics before the surgery; (2) perioperative indi-

cators, such as the duration of surgery, the amount of

intraoperative bleeding, postoperative hospital stays, the

time to pass gas after surgery, postoperative pain VAS

score (0–10, the higher the score, the worse the pain) [8],

and cost. (3) complications, including hemobilia, cholan-

gitis, pancreatitis, intra-abdominal infection, incisional

infection, recurrent stones, reflux esophagitis, papillary

stenosis, and biliary stricture; (4) univariate and multi-

variate logistic regression analyses of risk factors for the

post-PTCSL recurrence of CBD stones.

Follow-up

Participants returned to our hospital for CT scans and color

Doppler ultrasound examinations 6 months after discharge

to identify whether stones or complications occurred.

Additionally, participants present with related symptoms

would undergo a follow-up check at once. All participants

were followed up for no less than 6 months until October

2022.

Fig. 1 PTCSL procedure. a Desired bile duct punctured by an 18-gauge coaxial needle; b sheath advanced in the dilated passage; c rigid

choledochoscope inserted into the sheath; d basket-retrieval of stone assisted by choledochoscope
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Statistical analysis

Statistical analyses were performed using SPSS, version

24.0. Enumeration data were presented with frequency

(percentages). v2 test was used to compare groups. Mea-

surement data were expressed as mean ± standard devia-

tion (mean ± sD). A univariate analysis of variance

(ANOVA) was employed in comparison between groups.

Nonnormally distributed measurement data was shown in

the median (interquartile range) [M (P25, P75)], and groups

were compared using a nonparametric test (Kruskal–Wal-

lis). A logistic regression model was adopted for univariate

and multivariate analyses. P\ 0.05 was considered to be

statistically significant. A receiver operating characteristic

(ROC) curve was drawn with the area under the curve

(AUC) applied to assess the effectiveness of prediction.

Results

Characteristics of participants

There was no statistically significant difference in partici-

pants’ characteristics, including age, sex, the state of CBD

stones, clinical symptoms, and medical history among the

three groups (P[ 0.05), see Table 1.

Perioperative indicators

The LCBDE group exhibited a higher level than the

PTCSL group and ERCP group in the duration of surgery,

the amount of intraoperative bleeding, postoperative hos-

pital stays, the time to pass gas, postoperative pain VAS

score, and cost (P\ 0.001). There was no statistically

significant difference between the PTCSL group and the

ERCP group (P[ 0.05), see Table 2.

Complications

Among 93 participants in the ERCP group, pancreatitis

occurred in 5 (5.4%), reflux esophagitis in 7 (7.5%), and

papillary stenosis in 4 (4.3%). As for 103 participants in the

LCBDE group, cholangitis occurred in 11 participants

(10.7%), hemobilia in 9 (8.7%), and incisional infection in

8 (7.8%). In the PTCSL group of 77 participants, cholan-

gitis occurred in 2 (2.6%), hemobilia in 1 (1.3%), and

incisional infection in 1 (1.3%). The LCBDE group had a

higher incidence of cholangitis than the PTCSL group

(P\ 0.05). Compared with the PTCSL group and the

Fig. 2 PTCSL procedure. a Stone retrieved by basket (red arrow); b external biliary drainage catheter after the surgery; c cholangiography via

DSA; d postoperative CT
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ERCP group, the LCBDE group experienced hemobilia

and incisional infection more frequently (P\ 0.05). The

incidence of pancreatitis in the ERCP group was higher

than in the PTCSL group (P\ 0.05). The ERCP group

manifested a higher incidence of reflux esophagitis and

papillary stenosis than the PTCSL group (P\ 0.05). In

comparison with the PTCSL group and the ERCP group,

recurrent CBD stones were less frequent in the LCBDE

group (P\ 0.05). No statistically significant difference

was found in the incidences of intra-abdominal infection,

and biliary stricture among the three groups (P[ 0.05).

See Table 3

Analysis of risk factors for the post-PTCSL

recurrence of CBD stones

Univariate logistic regression analyses identified age (C

60), the internal diameter of CBD (C15 mm), jaundice,

gallstones, hyperlipidemia, cholangitis, and family history

as risk factors associated with the post-PTCSL recurrence

of CBD stones (P\0.05). In addition, multivariate logistic

regression analyses indicated that gallstones and family

history were independent risk factors for recurrent CBD

stones (P\ 0.05), see Table 4.

The accuracy of risk factors in predicting

the recurrence of CBD stones

The AUC for the ROC curves of the post-PTCSL recur-

rence of CBD stones predicted by gallstones and family

history was 0.795 and 0.734, respectively. The AUC for the

curve of the recurrence of CBD stones predicted by multi-

indicators was 0.895 (95% confidence intervals was

0.792–0.999, P\ 0.001) with a sensitivity of 96.7% and a

specificity of 68.8%. See Fig. 4

Fig. 3 PTCSL procedure. a Ultrasonic cholangiography via choledochoscopy (red arrow), common bile duct visualization (white arrow);

b contrast agent through the duodenal papilla (white arrow)
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Discussion

PTCSL is minimally invasive. This unconventional surgi-

cal treatment for CBD stones has drawn the medical

community’s attention [9, 10]. Previously, the percuta-

neous transhepatic puncture was performed under X-ray

guidance, which is somewhat blind. In contrast, ultrasound-

guided percutaneous transhepatic puncture has gained

more popularity among scholars for its advantages, such as

observing how the bile ducts and blood vessels travel and

adjusting the puncture approach in real-time to enhance the

success rate of the puncture.

While ERCP is considered a first-line treatment for CBD

stones, its success rate may be compromised in patients

with anatomical abnormalities within the digestive system

that impede endoscopic access to the biliary tree. In addi-

tion to previous gastric or bile duct surgeries, modern

obesity surgeries can also create challenges in accessing

the papilla. In these circumstances, PTCSL is preferred.

ERCP has an incidence of complications that cannot be

ignored in previous research [2, 11]. In this research,

Table 1 Characteristics of participants [n (%), mean ± sD]

Characteristic PTCSL group (n = 77) ERCP group

(n = 93)

LCBDE group

(n = 103)

F/ x2 P Value

Age (year) 51.5 ± 12.4 50.9 ± 11.2 51.7 ± 11.6 0.414 0.661

Sex (male) 43 (55.8) 43 (46.2) 58 (56.3) 2.403 0.301

BMI (kg/m) 23.6 ± 2.1 23.4 ± 1.9 23.8 ± 2.3 0.896 0.409

Internal diameter of CBD (mm) 13.4 ± 2.9 13.0 ± 3.0 12.4 ± 3.5 1.960 0.143

Number of CBD stone

Solitary 49 (63.6) 57 (61.3) 51 (49.5) 4.421 0.110

Multiple (C2) 28 (36.4) 36 (38.7) 52 (50.5)

Maximum diameter of stone (mm) 9.5 ± 3.1 10.5 ± 3.2 10.4 ± 3.2 2.706 0.069

Combined with cholangitis 9 (11.7) 11 (11.8) 10 (9.8) 0.278 0.870

Clinical symptom:

Repetitive abdominal pain 34 (44.2) 35 (37.6) 46 (44.7) 1.171 0.557

Fever ([ 37.5 �C) 21 (27.3) 17 (18.3) 20 (19.4) 2.366 0.306

Jaundice 26 (33.8) 37 (39.8) 33 (32.0) 1.378 0.502

Underlying disease:

Gallstone 17 (22.1) 23 (24.7) 24 (23.3) 0.167 0.920

Hyperlipidemia 15 (19.5) 19 (20.4) 19 (18.4) 0.123 0.940

Biliary stricture 1 (1.3) 3 (3.2) 2 (1.9) 0.778 0.648

Hypertension 16 (20.8) 22 (23.7) 24 (23.3) 0.231 0.897

Hepatitis 5 (6.5) 12 (12.9) 6 (5.8) 3.692 0.158

Diabetes 10 (13.0) 13 (14.0) 14 (13.6) 0.036 0.982

Chronic smoking 13 (16.9) 19 (20.4) 12 (11.7) 2.833 0.243

Chronic drinking 6 (7.8) 11 (11.8) 11 (10.7) 0.788 0.678

Family history 10 (13.0%) 14 (15.1%) 12 (11.7%) 0.498 0.780

Table 2 Perioperative indicators [mean ± sD, M (P25, P75)]

Indicator PTCSL group (n = 77) ERCP group (n = 93) LCBDE group (n = 103) F/Z P Value

Duration of surgery (min) 52.1 ± 12.4 44.0 ± 10.8 124.7 ± 23.1ab 227.799 \0.001

Intraoperative bleeding (ml) 3.5 (3, 5) 3.0 (1, 5) 20 (10, 20)ab 59.310 \0.001

Postoperative hospital stays (d) 3 (3, 5) 3 (3, 4) 6 (6, 7)ab 64.021 \0.001

Time to pass gas after surgery (d) 2 (1, 2) 2 (2, 2) 2 (2, 3)ab 29.931 \0.001

Postoperative pain VAS score (d) 3 (3, 4) 3 (3, 3) 6 (5, 6)ab 65.820 \0.001

Cost(RMB) 21,712.1 ± 3544.1 21,823.3 ± 2314.6 35,298.7 ± 5003.1ab 134.526 \0.001

aComparison with PTCSL group, P\ 0.05
bComparison with ERCP group, P\ 0.05
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pancreatitis, reflux esophagitis, and papillary stenosis were

not found in the PTCSL group. Such a difference is

attributable to the EST used in the ERCP. EST can destroy

the Oddi sphincter, which may lead to long-term postop-

erative complications such as papillary stenosis, pancre-

atitis, reflux esophagitis caused by bile reflux, bacterial

infection, and inflammation of the bile duct system

[12, 13]. In the PTCSL procedure, the anatomy and func-

tion of the Oddi sphincter are intact, which can minimize

the damage to the duodenal papilla by the medical appa-

ratus when clearing stones, avoid the reflux of food and

digestive juice into the bile duct, and lower the incidence of

postoperative pancreatitis and reflux esophagitis [4, 14].

LCBDE is the primary alternative for treating CBD

stones, but there still remain 5–10% of CBD stones difficult

to be removed [15]. In the LCBDE group of this research,

cholangitis occurred more frequently than in the PTCSL

group. The postoperative incidence of cholangitis is a

critical parameter for evaluating the long-term outcomes of

the surgery for CBD stone removal [16]. Additionally, it

should be noted that LCBDE incurs higher costs compared

to the other two groups. In the PTCSL procedure, the best

approach to puncturing the desired bile duct is determined

with ultrasound guidance, keeping away from the intesti-

nes, blood vessels, and chest cavity. A rigid or soft

choledochoscope and protective sheath are employed. All

procedures are completed within the protective sheath

Table 3 Incidences of complications [n (%)]

Type PTCSL group (n = 77) ERCP group (n = 93) LCBDE group (n = 103) x2 P Value

Cholangitis 2 (2.6) 4 (4.3) 11 (10.7)a 5.825 0.028

Hemobilia 1 (1.3) 2 (2.2) 9 (8.7)ab 7.494 0.024

Pancreatitis 0 5 (5.4)a 2 (1.9) 6.474 0.039

Intra-abdominal infection 1 (1.3) 1 (1.1) 3 (2.9) 1.087 0.581

Incisional infection 1 (1.3) 0 8 (7.8)ab 10.591 0.005

Recurrent stones 16 (20.8) 20(21.5) 10 (9.7)ab 6.036 0.049

Reflux esophagitis 0 7 (7.5)a 3 (2.9) 7.027 0.030

Papillary stenosis 0 4 (4.3)a 1 (1.0) 6.823 0.033

Biliary stricture 2 (2.6) 5 (5.4) 5 (4.9) 0.857 0.652

aComparison with PTCSL group, P\ 0.05
bComparison with ERCP group, P\ 0.05

Table 4 Univariate and multivariate regression analyses of the post-PTCSL recurrence of CBD stones in 77 participants

Clinicopathological Factors Univariate Multivariate

B OR 95% CI P B OR 95% CI P

Age (C60 years) 1.382 3.981 1.258–12.600 0.019 -0.551 0.576 0.088–3.787 0.566

BMI ([24 kg/m2) 1.722 5.595 1.728–18.117 0.227

Internal diameter of CBD (C 15 mm) 1.434 4.194 1.085–16.209 0.017 1.504 4.498 0.381–53.157 0.233

Number of CBD stone (C2) 1.034 2.812 0.905–8.741 0.074

Maximum diameter of stone (C10 mm) 0.332 1.394 0.417–4.661 0.590

Mechanical lithotripsy 0.960 2.611 0.823–8.280 0.103

Jaundice 1.462 4.314 1.357–13.713 0.013 0.990 2.690 0.206–35.153 0.450

Gallstone 3.004 9.942 3.768–23.348 \0.001 2.028 7.602 1.006–57.429 0.049

Hyperlipidemia 1.234 3.467 1.008–11.919 0.048 0.842 2.321 0.250–21.525 0.459

Biliary stricture 2.148 8.571 0.725–101.329 0.088

Cholangitis 1.427 4.167 1.078–16.103 0.039 -0.008 0.992 0.125–7.854 0.994

Chronic smoking 0.163 1.177 0.283–4.902 0.823

Chronic drinking 1.495 4.462 0.807–24.658 0.086

Family history 2.146 8.550 2.041–35.818 0.003 2.676 14.527 1.499–140.790 0.021
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placed in the dilated bile duct to prevent the livers and bile

ducts from damage and minimize the possibility of

cholangitis. PTCSL outperforms LCBDE for its advan-

tages, such as short surgery duration, less blood loss, short

postoperative hospital stays, fewer days before passing gas,

and milder pain after the surgery. Meanwhile, intraopera-

tive cholangiography was implemented. A diluted contrast

agent was injected with the guidance of a choledochoscope

to observe the patency of the lower part of CBD and

duodenal papilla and the opening and closing of the Oddi

sphincter. Cholangiography was able to ensure the biliary

obstruction was relieved, avoid damage to the duodenal

papilla by apparatus, and improve the success rate of

surgery.

However, the results of the follow-up indicated a

recurrence rate of up to 20.8% after the PTCSL. Gallstones

and family history are independent risk factors for the post-

PTCSL recurrence of CBD stones. Ando et al. [17] also

found that gallstones were an independent risk factor for

recurrent CBD stones. This is because gallstones have a

propensity to migrate into the CBD and block the flow of

bile. This disrupted flow hinders the effective clearance of

all stones, resulting in the presence of residual small stones

within the duct and subsequently leading to CBD stone

formation [18, 19]. In this study, the LCBDE group had the

lowest recurrence rate of CBDS, which could be attributed

to the concurrent performance of cholecystectomy. Positive

family history of gallstones is a universally acknowledged

risk factor for gallstones. It is reported that people with a

family history of bile duct stone may have a doubled risk of

developing it, and first-degree relatives of patients with bile

duct stone may experience a higher incidence of it [20].

Previous research stated that the diameter of CBD C 15

mm and cholangitis were independent risk factors for

recurrent CBD stones [21]. Although clinical symptoms

after removing stones can be mitigated quickly, cholangitis

still exists, and cholangitis will stimulate the Oddi

sphincter repetitively and disrupt the flow and drainage of

bile, resulting in recurrent CBD stones. In this research, the

diameter of CBD C 15 mm and cholangitis are related risk

factors for recurrent CBD stones instead of independent

ones, which is possibly ascribed to the less frequent

recurrence of CBD stones among participants in this

research. Therefore, the relationship between the diameter

of CBD and cholangitis should be studied further.

In addition to treating CBD stones, PTCSL is also

applicable to IHD stones [22]. PTCSL can easily access the

desired bile duct and deal with the stones directly. PTCSL

can remove all stones from patients with IHD and CBD

stones in one surgery. In contrast, it is hard to clear IHD

stones using ERCP, which is mainly for removing extra-

hepatic bile duct stones [23]. Moreover, the recurrent and

retained stones and biliary stricture will lead to high inci-

dences of residual and recurrent stones and complications.

PTCSL can cope with difficult extrahepatic and intrahep-

atic bile duct stones simultaneously, making it the best

choice for treatment.

The limitations of this study include its retrospective

design and small sample size. Therefore, it is imperative to

continue long-term follow-up in order to comprehensively

evaluate the safety and efficacy of PTCSL as a treatment

modality for CBD stones. Furthermore, conducting multi-

center research with a larger sample size is essential to

identify additional independent risk factors associated with

the recurrence of CBD stones after PTCSL.

In summary, PTCSL is an effective and safe surgery.

PTCSL is superior to ERCP and LCBDE for quick

recovery and fewer postoperative complications. It can be

chosen as the first-line treatment for CBD stones and the

primary treatment for patients with CBD and IHD stones,

indicating a tremendous clinical application and promotion

value. Gallstones and family history are independent risk

factors for the post-PTCSL recurrence of CBD stones,

which provide a reference for clinicians in identifying the

high-risk population to follow up closely.
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