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Background: Laparoscopic cholecystectomy (LC) with laparoscopic common bile duct exploration (LCBDE) is convenient in 
treating cholelithiasis and choledocholithiasis due to its advantage of accelerated recovery. This retrospective study aimed to 
summarize the experience of cholelithiasis and choledocholithiasis treatment via three-port approach of LCBDE in Eastern China.
Methods: Patients diagnosed with cholelithiasis and choledocholithiasis between July 2019 and October 2021 were included. Patients 
who received LC+LCBDE+primary suturing of the common bile duct (CBD) via a three-port approach were assigned to the LCBDE-P 
group, and those who received LC+LCBDE+T-tube drainage of CBD comprised the LCBDE-T group. The measurement data were 
compared between the two groups. P-values <0.05 indicated statistical significance.
Results: A total of 88 patients were divided into two groups: LCBDE-P (n=50) and LCBDE-T (n=38). Multiple logistic regression 
analysis showed that LCBDE-P is associated with a shorter length of stay (OR=0.115, 95% CI: 0.040–0.329, P<0.001) and lower 
hospitalization costs (OR=0.120, 95% CI: 0.041–0.357, P<0.001). No significant differences between the two groups were detected in 
the operation time, intraoperative hemorrhage, clearance rate of CBD stones, postoperative liver function, and postoperative 
complications (P>0.05).
Conclusion: The three-port approach of LCBDE is a safe and feasible strategy for managing cholelithiasis and choledocholithiasis. 
Compared to LCBDE-T, LCBDE-P reduces the length of hospital stay and medical costs during hospitalization.
Keywords: cholelithiasis, choledocholithiasis, laparoscopic cholecystectomy, laparoscopic common bile duct exploration, primary 
suture, T-tube drainage

Introduction
Cholelithiasis and choledocholithiasis are common gastrointestinal digestive diseases that may occur in 4.6–12% of all 
patients with cholecystectomy.1 Gallstones may enter the common bile duct (CBD) through the cystic duct, forming 
a state of gallstones combined with CBD stones, causing obstructive biliary tract and obstructive jaundice and leading to 
acute cholecystitis, cholangitis, or pancreatitis.2 Although laparoscopic cholecystectomy (LC) is the gold standard for 
symptomatic gallstones, the optimal choice for gallstones combined with CBD stones is debatable Currently, four 
methods are available for the treatment of cholelithiasis and choledocholithiasis: preoperative endoscopic retrograde 
cholangiopancreatography (pre-ERCP) plus LC, LC plus laparoscopic common bile duct exploration (LCDBE), LC plus 
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intraoperative ERCP, and LC plus postoperative ERCP.3 However, whether LCBDE or ERCP is the best method to treat 
cholelithiasis and choledocholithiasis is yet controversial. The British Gastroenterology Society’s recently updated CBD 
Stones Management Guidelines pointed out no difference in efficacy, mortality, or morbidity between LBCDE and 
perioperative ERCP.4 The length of hospitalization (days) and total cost differed significantly, while LCBDE may 
decrease the length of hospitalization day and cost.5 Also, significant differences were noted in postoperative complica-
tions: bile leakage after LCBDE vs duodenal papillary sphincter injury after ERCP.6

Recently, an updated meta-analysis confirmed that LCBDE is superior to ERCP+LC in perioperative safety and short- 
and long-term postoperative efficacy.7 Furthermore, the current meta-analysis showed that LCBDE is safe and feasible 
regarding perioperative complications, operative conversion rates, operative time, and postoperative efficacy, such as 
CBD stone clearance rate, length of hospital stay, and stone recurrence rate. This phenomenon suggested that LCBDE is 
a preferred method for treating gallstones combined with CBD stones. Thus, LCBDE could be a preferred method for 
treating gallstones combined with the primary suture of CBD or T-tube drainage procedure.8

Although the surgeons decide whether T-tube drainage or primary suture should be used during LCBDE, the decision 
is controversial.8,9 A previous meta-analysis showed that when the T-tube was not used, the odds ratio of complications 
was reduced, and no additional benefits were observed.8 Therefore, some postoperative complications may be avoided 
without T-tube drainage after treating choledocholithiasis via LCBDE, and the patient’s quality of life can also be 
improved significantly.10 Reportedly, the ability of traditional T-tube drainage to reduce bilirubin is better than that of the 
primary suture of CBD in the early postoperative period. However, the difference in long-term outcomes between the two 
groups is not statistically significant.11 Whether these controversies are related to differences in surgical procedures is yet 
to be elucidated. Typically, minimally invasive surgical treatment of gallstones and CBD stones is safe and reliable, as 
described in the Tokyo Guidelines 2018.12

With the development of laparoscopic technology, there has been a trend towards four-port LCBDE to three-port 
LCBDE. Studies have shown that three-port LCBDE reduces labor costs compared to four-port LCBDE, but does not 
increase the incidence of complications.13 Our team has extensive experience in three-port LCBDE. Therefore, the 
present study aimed to summarize the treatment experience and efficacy of LCBDE combined with primary suturing of 
the CBD via a three-port approach to gallstones with extrahepatic biliary duct calculi.

Methods
Study Design
This retrospective study included 88 patients with gallstones combined with CBD stones admitted at Xishan People’s 
Hospital of Wuxi City in China between July 2019 and October 2021. All the gallstones combined with CBD stones were 
identified using transabdominal ultrasonography (USG) and magnetic resonance cholangiopancreatography (MRCP) 
preoperatively. USG was also used to confirm the absence of recurrent choledocholithiasis after surgery. The study was 
approved by the Ethics Committee of Xishan People’s Hospital of Wuxi City. The requirement for informed consent was 
waived due to the retrospective design. The study complied with the Declaration of Helsinki.

Inclusion Criteria
(1) The CBD was examined before the operation to show varying degrees of dilation (diameter ≥8 mm); (2) No evident 
bile duct stenosis, biliary variability, or intrahepatic bile duct stones on preoperative USG or MRCP; (3) No tumors 
detected in the liver, biliary tract, or pancreatic head in previous examinations; (4) Without manifestations of cholangitis, 
such as bile duct wall thickening and edema; (5) Laparoscopic duodenal papilla stenosis capacity is N or 0 grade;14 (6) 
The Minimum age ≥18 years old.

Exclusion Criteria15

(1) Stenosis of the distal CBD or dysfunction of the papillary sphincter was detected preoperatively; (2) Conversion to 
laparotomy; (3) Acute hepatitis or severe liver damage; (4) Heart, lung, and renal insufficiency in those who cannot 
tolerate laparoscopic surgery; (5) Those accompanied with a malignant tumor.16,17
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Operative Technique
The surgery of LC+LCBDE+primary suture (LCBDE-P) or LC+LCBDE+T-tube drainage (LCBDE-T) was performed 
using the three-port method by the same surgical team. The patients were under general anesthesia and received tracheal 
intubation, as described previously.9,18 The T-tube drainage tube was removed 3 weeks after the operation when the 
T-tube angiography confirmed that the biliary tract was unobstructed after the operation.

All the patients underwent laparoscopic surgery using the “three-port method” (Figure 1A and B): a 10-mm arc- 
shaped incision at the lower border of the navel was used as the observation port. The main operation port (Trocar, 
10 mm) was 20–30 mm below the xiphoid process. The auxiliary operation port (Trocar, 5 mm) was at the intersection of 
the lower 50 mm below the rib edge and the right anterior axillary line.

LCBDE-P Group
The anterior wall of the CBD was incised approximately 10–15 mm using scissors (Figure 2A). The choledochoscopy 
was inserted through the main operating port to explore the extrahepatic bile duct (Figure 2B). Subsequently, the calculi 

Figure 1 Management of LCBDE with the three-port method. (A) The Trocars chosen for LCBDE were 5 mm, 10 mm, and 10 mm, respectively. (B) The three Trocars 
were placed corresponding to the ports. (C and D) A suitable drainage tube was placed through the 5-mm port on the right upper quadrant.
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were removed with a mesh basket using the Olympus choledochoscopy, and the CBD incision was sutured with a 4–0 
absorbable suture in one stage (continuous round-trip) (Figure 3A and B).

LCBDE-T Group
Suspension and incision of the CBD were performed; the stones were explored and extracted similarly to the LCBDE-P 
group. A suitable T-tube was selected and fixed into the CBD through the incision, which was closed with 4–0 absorbable 
sutures using simple interrupted stitching, and the T-tube was threaded out of the abdominal wall via the 10-mm port.

Data Collection
Data, including items of postoperative liver function, postoperative complications, hospitalization day, and medical cost, 
were collected for both LCBDE-P and LCBDE-T groups during the same period. Both groups were regularly followed 
up for 6 months via telephone or outpatient clinic, and all these patients were checked postoperatively through USG at 1 
and 6 months, independently.

The present study aimed to compare the length of hospital stay, cost, duration of anesthesia, laboratory parameters 
[white blood cell (WBC) count, total serum bilirubin, alkaline phosphatase (ALP), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), C-reactive protein (CRP) levels], and clinical 
outcomes between patients undergoing LC+LCBDE, primary suture of CBD vs T-tube drainage.

Figure 2 Removal of CBD stones through choledocholithotomy. (A) The anterior wall of the CBD was cut directly approximately 10–15 mm after (B) 4–0 absorbable 
thread was used to suspend the anterior wall longitudinally. The CBD was explored via choledochoscopy.

Figure 3 Primary continuous suture of CBD. (A and B) The CBD incision was sutured with the 4–0 absorbable thread via a continuous round-trip approach.
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Statistical Analysis
The data were analyzed using SPSS 22.0 (IBM, Armonk, NY, USA). The continuous data were expressed as means ± 
standard deviations and analyzed using Student’s t-test. Categorical data were presented as frequencies and scores and 
were analyzed using Fisher’s exact test. Univariate and multivariate logistic regression analyses were performed to 
estimate the odds ratio (OR) and the 95% confidence intervals (CIs) for hospitalization (days) and medical cost (RMB), 
including operational styles, site of postoperative complications, operative time, intraoperative hemorrhage, stone 
subtype, gender, age, body weight, preoperative WBCs, preoperative direct bilirubin, preoperative total bilirubin, 
preoperative ALT, and preoperative AST. The data of hospitalization and medical cost were dichotomized into two 
groups using median value as the cutoff in logistic regression analysis. P<0.05 indicated statistical significance.

Results
Characteristics of the Patients
A total of 159 patients were diagnosed with gallstones combined with CBD stones at Xishan People’s Hospital of Wuxi 
City. Of these, 88 were included in this study from July 2019 to October 2021 based on the exclusion and inclusion 
criteria. Among 159 patients, 3 were excluded due to anesthesia intolerance, and 62 were treated with laparotomy 
because of factors such as previous abdominal surgery, inability to tolerate laparoscopic surgery, or conversion to 
laparotomy after the second laparoscopic surgery. A total of 94 patients were treated with LC+LCBDE, of which 6 were 
excluded because of the conversion to laparotomy. Finally, 38 patients were treated with LCBDE-T, and the remaining 50 
were treated with the LCBDE-P process (Figure 4).

No statistically significant differences were detected between-group in parameters, such as gender, age, body weight, 
WBC count, bellyache, combined gastrointestinal ulcer, pancreatitis, cholangitis, obstructive jaundice, fever, nausea and/ 
or vomiting, direct bilirubin (DB), total bilirubin (TB), ALT, and AST (all P>0.05, Table 1).

Analysis of the Intraoperative Characteristics
Compared to the LCBDE-T group, the operative time was shorter in the LCBDE-P group, combined with less 
intraoperative hemorrhage, but not significantly. The clearance rate of CBD stones in both groups was 100%. 
Similarly, no statistically significant differences were detected between the two groups detected in the stone subtype 
of CBD (P>0.05, Table 2).

Figure 4 Flow diagram.
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Analysis of Postoperative Liver Function
Next, we adjusted the data, representing the preoperative value minus the postoperative value on day 3. The comparison 
of LCBDE-P with the LCBDE-T group did not show any significant between-group differences, such as ΔDB, ΔTB, 
ΔALT, and ΔAST (P>0.05, Table 3).

Table 1 Characteristic and Clinical Features of Patients

Items LCBDE-P (n=50) LCBDE-T (n=38) P-value

Gender (M/F) 0.107
Male 19(38.0%) 21(55.3%)

Female 31(62.0%) 17(44.7%)

Age (years) 58.880 ±13.752 61.763±13.13 0.295
Body weight (kg) 61.980±10.125 63.311±11.832 0.504

WBC (109/L) 5.995±2.870 6.889±2.447 0.111

Bellyache 35(70.0%) 27(71.1%) 0.915
Combined gastrointestinal ulcer 3(6.0%) 3(7.9%) 0.938

Pancreatitis 3(6.0%) 3(7.9%) 0.938
Cholangitis 17(34.0%) 18(47.4%) 0.204

Obstructive jaundice 12(24.0%) 16(42.1%) 0.071

Fever 5(10.0%) 6(15.8%) 0.626
Nausea and/or Vomit 14(28.0%) 11(28.9%) 0.922

DB (µmol/L) 18.087±25.441 28.074±29.267 0.071

TB (µmol/L) 31.565±53.371 39.571±31.958 0.370
ALT (U/L) 152.100±199.539 167.711±160.780 0.485

AST (U/L) 92.320±121.217 98.237±106.067 0.579

Abbreviations: LCBDE-P, laparoscopic common bile duct exploration+primary suturing of the common bile duct; 
LCBDE-T, laparoscopic common bile duct exploration+T-tube drainage of common bile duct; M, male; F, female; 
WBC, white blood cell; DB, direct bilirubin; TB, total bilirubin; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase.

Table 2 Analysis of the Intraoperative Characteristics

Items LCBDE-P (n=50) LCBDE-T (n=38) P-value

Operation time (min) 130.940±52.548 146.895±50.549 0.160

Intraoperative hemorrhage (mL) 20.000±12.570 33.947±77.342 0.219
Clearance rate of CBD stones (%) 100 100 -

Stone subtype of CBD stones 0.263

Solitary (<3) 25(50.0%) 16(42.1%)
Multiple (≥3) 18(36.0%) 21(55.3)

Sediment-like 7(14.0%) 1(2.6%)

Abbreviations: LCBDE-P, laparoscopic common bile duct exploration+primary suturing of the common bile duct; 
LCBDE-T, laparoscopic common bile duct exploration+T-tube drainage of common bile duct; CBD, common bile duct.

Table 3 Analysis for the Characteristics of Postoperative Liver 
Function in All Patients

Items LCBDE-P (n=50) LCBDE-T (n=38) P-value

ΔDB 8.385±19.767 2.902±21.674 0.234

ΔTB 14.960±51.501 3.501±27.621 0.234
ΔALT 72.449±139.997 84.889±108.220 0.662

ΔAST 51.551±101.866 44.250±84.366 0.730

Note: Δ, preoperative value−the postoperative value on day 3. 
Abbreviations: LCBDE-P, laparoscopic common bile duct exploration+primary sutur-
ing of the common bile duct; LCBDE-T, laparoscopic common bile duct exploration 
+T-tube drainage of common bile duct; DB, direct bilirubin; TB, total bilirubin.
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Economic Benefits
Compared to the LCBDE-T group, the length of hospitalization was significantly decreased in the LCBDE-P group. This 
finding was in line with that of medical costs in the LCBDE-T group vs the LCBDE-P group during the hospitalization 
(P<0.001, Table 4).

Postoperative Complications
Two cases of postoperative bile leakage, 1 case of abdominal infection, and 2 cases of abdominal infection were found in 
the LCBDE-T group; however, no significant differences were detected compared to the LCBDE-P group (P>0.05, 
Table 5).

Analyses of the Length of Stay and Medical Cost During Hospitalization
Logistic regression analyses for the length of stay and medical cost during hospitalization are presented in Table 6 and 
Table 7. LCBDE-P is an independent factor for a shorter length of stay [odds ratio (OR)=0.115, 95% confidence interval 
(CI): 0.040–0.329, P<0.001) and decreased hospitalization costs (OR=0.120, 95% CI: 0.041–0.357, P<0.001). 
Nevertheless, the operative time is an independent risk factor for prolonged hospitalization (OR=1.011, 95% CI: 
1.001–1.021, P=0.033) and high hospitalization expense (OR=1.011, 95% CI: 1.000–1.022, P=0.040).

Discussion
LCBDE has been used more frequently today in diagnosing and treating gallstones combined with CBD stones than in 
the last decade, enriching the experience of surgeons.19 However, using the primary suture of the CBD or T-tube drainage 
is still controversial.3 The present study aimed to summarize the experience of treating gallstones combined with CBD 
stones via the three-port approach of LCBDE in a medical center in Eastern China. Compared with LCBDE-T group, 
LCBDE-P group has shorter length of stay and lower hospitalization costs. The operation time and intraoperative 
hemorrhage in LCBDE-P group are less than LCBDE-T group but not statistically significant. Meanwhile, no significant 
differences were detected in the clearance rate of CBD stones, postoperative liver function, and postoperative complica-
tions between LCBDE-P group and LCBDE-T group.

Table 5 Postoperative Complications of LCBDE-P vs LCBDE-T

Items LCBDE-P (n=50) LCBDE-T (n=38) P-value

Hemorrhage 0(0.0%) 0(0.0%) -

Bile leakage 0(0.0%) 2(5.3%) 0.184

Abdominal infection 0(0.0%) 1(2.6%) 0.432
Cholangitis 0(0.0%) 2(5.3%) 0.184

Pancreatitis 0(0.0%) 0(0.0%) -

Retained CBD stone 0(0.0%) 0(0.0%) -

Abbreviations: LCBDE-P, laparoscopic common bile duct exploration+primary suturing of the 
common bile duct; LCBDE-T, laparoscopic common bile duct exploration+T-tube drainage of com-
mon bile duct.

Table 4 Economic Benefits of LCBDE-P vs LCBDE-T

Items LCBDE-P (n=50) LCBDE-T (n=38) P-value

Hospitalization (days) 14.120±4.376 21.105±7.451 <0.001
Medical Cost (RMB 10K) 2.060±0.434 2.733±0.673 <0.001

Note: P-values less than 0.001, was boldly marked, indicated statistical significance. 
Abbreviations: LCBDE-P, laparoscopic common bile duct exploration+primary suturing of the common 
bile duct; LCBDE-T, laparoscopic common bile duct exploration+T-tube drainage of common bile duct; 
RMB, Ren Min Bi; 10K, 10 thousand Yuan.
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The rapid development of minimally invasive technology and the continuous improvement of surgical instruments 
benefit the patients, including decreased surgical trauma, alleviated pain, and accelerated recovery.20 Therefore, to 
accomplish LCBDE, three ports were selected in the management approach in our surgical team since July 2019 
(Figures 1–3) compared to a fifth port that may be added in addition to the standard four ports, as described 
previously.15,18 Herein, 88 patients accomplished LCBDE via a three-port method in our hospital, except 6 patients 
who converted to laparotomy because of unclear anatomy of the Calot triangle (Figure 4).

Since LCBDE was first described in 1991,21 the removal of CBD stones can be performed via two methods: an 
approach to cystic duct incision or CBD incision according to the characteristics of the patients.22,23 In this study, the 

Table 7 Univariable and Multivariable Analysis for Medical Cost During Hospitalization

Univariable Multivariable

OR (95% CI) P-value OR (95% CI) P-value

LCBDE-P vs LCBDE-T 0.104 (0.038–0.280) <0.001 0.120 (0.041–0.357) <0.001
Age 1.026 (0.994–1.059) 0.115

Gender 2.544 (1.073–6.028) 0.034 0.925 (0.285–3.003) 0.896
Body weight 1.017 (0.978–1.058) 0.396

Preoperative white blood cells 1.360 (1.075–1.720) 0.010 1.215 (0.926–1.593) 0.160
Preoperative total bilirubin 1.005 (0.995–1.016) 0.326

Preoperative direct bilirubin 1.025 (1.005–1.046) 0.016 1.020 (0.998–1.042) 0.072

Preoperative ALT 1.001 (0.999–1.004) 0.237
Preoperative AST 1.003 (0.999–1.007) 0.151

Operative time 1.014 (1.004–1.024) 0.004 1.011 (1.000–1.022) 0.040
Intraoperative hemorrhage 1.008 (0.987–1.029) 0.475
Postoperative complications 1,777,022,350.96 (0.00–∞) 0.999

Stone subtype 0.679 (0.351–1.313) 0.250

Note: P-values less than 0.05 or 0.001, was boldly marked, indicated statistical significance. 
Abbreviations: LCBDE-P, laparoscopic common bile duct exploration+primary suturing of the common bile duct; LCBDE-T, laparoscopic 
common bile duct exploration+T-tube drainage of common bile duct; ALT, alanine aminotransferase; AST, aspartate aminotransferase; OR, odds 
ratio; CI, confidence interval.

Table 6 Univariable and Multivariable Analysis for the Length of Stay in All Patients

Univariable Multivariable

OR (95% CI) P-value OR (95% CI) P-value

LCBDE-P vs LCBDE-T 0.104 (0.038–0.280) <0.001 0.115 (0.040–0.329) <0.001
Age 1.022 (0.990–1.055) 0.173
Gender 2.100 (0.894–4.933) 0.089

Body weight 1.008 (0.970–1.048) 0.677

Preoperative white blood cells 1.313 (1.049–1.644) 0.017 1.179 (0.926–1.503) 0.182
Preoperative total bilirubin 1.001 (0.992–1.010) 0.874

Preoperative direct bilirubin 1.013 (0.996–1.030) 0.127

Preoperative ALT 1.001 (0.998–1.003) 0.582
Preoperative AST 1.002 (0.998–1.006) 0.325

Operative time 1.014 (1.004–1.024) 0.005 1.011 (1.001–1.021) 0.033
Intraoperative hemorrhage 1.007 (0.989–1.025) 0.467
Postoperative complications 1,777,022,351.004 (0.00–∞) 0.999

Stone subtype 0.539 (0.274–1.060) 0.073

Abbreviations: LCBDE-P, laparoscopic common bile duct exploration+primary suturing of the common bile duct; LCBDE-T, laparoscopic 
common bile duct exploration+T-tube drainage of common bile duct; ALT, alanine aminotransferase; AST, aspartate aminotransferase; OR odds 
ratio, CI confidence interval. P-values less than 0.05 or 0.001, was boldly marked, indicated statistical significance.
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patients accepted the approach to CBD incision for removing stones; the clearance rate of the CBD stones was 100% in 
both groups without a statistically significant difference (Table 2). In clinics, flexible and proficient control of chole-
dochoscopy and tacit cooperation with the assistant surgeon is key in improving CBD stone removal efficiency. 
Subsequently, repeated choledochoscopy is an effective way to avoid residual CBD stones. In addition, the CBD incision 
was sutured with a 4–0 absorbable thread in one stage (continuous round-trip) in the LCBDE-P group (Figure 3), 
performed after the clearance of CBD stones and without postoperative bile leakage, cholangitis, and abdominal infection 
(P>0.05, Table 5). The choledochotomy was sutured with 4–0 or 5–0 absorbable sutures in a continuous or interrupted 
manner in the primary suture, after the CBD stones are removed.24 Interestingly, compared to Wang et al,25 the operation 
time of LCBDE-P was shorter, with less intraoperative hemorrhage than that of LCBDE-T in our study, but without 
a statistical difference (P>0.05, Table 2). This phenomenon could be attributed to the placement of the T-tube via 
interrupted suture, thereby requiring more time compared to the primary suture of CBD; also, the T-tube may interfere 
with the surgeon’s suturing approach, prolonging the operation time. However, patients accomplished continual primary 
sutures of the CBD depending on their individual characteristics with respect to the indications.16,26 Therefore, this study 
suggested that the patients received primary suture of the common bile duct or T-tube drainage depending on whether 
they meet the corresponding indications and should be evaluated by the surgeons.

In the present study, all patients who underwent the LCBDE procedure, irrespective of primary suture or T-tube 
drainage, were recovered and discharged from the hospital (Table 3 and Table 4). Similarly, the three-port method of 
LCBDE decreases the scar in the abdomen, as the method is minimally invasive, thereby improving the aesthetics. 
Simultaneously, the patient’s liver function recovered rapidly after surgery. Thus, the preoperative value minus the 
postoperative value on day three was expressed as “Δ”, representing the liver function changes pre- and postopera-
tively. However, no statistical between-group difference was observed in the postoperative liver function (Table 3, 
P>0.05). Unlike previous studies,25,27,28 we chose postoperative day 3 as the critical variable because most patients 
recovered soon and were well after the operation, with almost normal liver function on postoperative day 5. Strikingly, 
compared to the LCBDE-T group, the length of hospitalization and the medical costs were decreased significantly in 
the LCBDE-P group (P<0.0001, Table 4). Furthermore, both univariate and multivariate regression analyses confirmed 
that LCBDE-P was an independent factor associated with the length of and medical costs during hospitalization 
(P<0.0001, Table 6 and Table 7). After three months of follow-up, short-term complications were as follows: 2 cases 
of postoperative bile leakage, 1 case of abdominal infection, and 2 cases of cholangitis in the LCBDE-T group, but no 
significant differences were observed compared LCBDE-T group with the LCBDE-P group (P>0.05, Table 5). This 
finding differed from the recently published results,25 which could be due to the small sample size in our study. For 
complications, patients with postoperative bile leakage recovered gradually by extending the placement of abdominal 
drainage tubes and preventing abdominal infection simultaneously. Postoperative abdominal infection and cholangitis 
patients returned to normal after receiving anti-infection treatment. According to these results, our experience 
confirmed that the three-port method of LCBDE is safe and feasible. Moreover, the continual primary sutures of the 
CBD are efficient and economical in treating cholelithiasis and choledocholithiasis under well-controlled indications. 
Thus, a novel concept of minimally invasive surgical treatment of cholelithiasis has been designed: ultra-minimally 
invasive, aesthetic, and no-scar.29 Importantly, LCBDE should be carried out by highly selected expert surgeons with 
advanced experience and technology in minimally invasive biliary tract surgery. Simultaneously, using abdominal 
puncture Trocars to explore and improve the novel strategy of choledocholithotomy under endoscopy is conducive to 
embodying the advantages of minimally invasive biliary tract surgery, which might benefit a large number of patients 
with choledocholithiasis.

Nevertheless, the present study has some limitations. It is a retrospective analysis in a single medical center with only 
a small number of cases from high-level hospitals, no long-term follow-up, and no comparison group. The heterogeneity 
is limited, and patients were from the Jiangsu province, lacking a multicenter and regional comparative analysis. 
Additional feedback from patients undergoing the procedure is needed to promote this strategy.
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Conclusions
This study summarized the experience in treating cholelithiasis and choledocholithiasis in a medical center in Eastern 
China. Despite improved technology, CBD’s three-port method and primary running suture are safe and feasible 
strategies for treating cholelithiasis and choledocholithiasis. LCBDE-P is an independent factor associated with the 
length of hospital stay and medical costs during hospitalization in treating patients diagnosed with cholelithiasis and 
choledocholithiasis.
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