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Abstract
While endoscopic retrograde cholangiopancreatography (ERCP) remains the 
primary treatment modality for common bile duct stones (CBDS) or choledocho-
lithiasis due to advancements in instruments, surgical intervention, known as 
common bile duct exploration (CBDE), is still necessary in cases of difficult CBDS, 
failed endoscopic treatment, or altered anatomy. Recent evidence also supports 
CBDE in patients requesting single-step cholecystectomy and bile duct stone 
removal with comparable outcomes. This review elucidates relevant clinical 
anatomy, selection indications, and outcomes to enhance surgical understanding. 
The selection between trans-cystic (TC) vs trans-choledochal (TD) approaches is 
described, along with stone removal techniques and ductal closure. Detailed 
surgical techniques and strategies for both the TC and TD approaches, including 
instrument selection, is also provided. Additionally, this review comprehensively 
addresses operation-specific complications such as bile leakage, stricture, and 
entrapment, and focuses on preventive measures and treatment strategies. This 
review aims to optimize the management of CBDS through laparoscopic CBDE, 
with the goal of improving patient outcomes and minimizing risks.
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Core Tip: Although the endoscopic-first approach is the most common for common bile duct stones (CBDS) treatment, 
surgical management remains crucial for subsequent cholecystectomy and additional CBDS removal in cases of failed 
endoscopy or surgical altered anatomy. Single-step common bile duct exploration offers non-inferior outcomes and may 
even advantageously reduce the number of hospital admissions. Proper selection between the trans-cystic and trans-
choledochal approach is essential, and mastering both techniques through practice and rehearsal is necessary. Diligent 
attention to surgical anatomy and every step of the procedure can help prevent and reduce specific postoperative complic-
ations.

Citation: Suwatthanarak T, Chinswangwatanakul V, Methasate A, Phalanusitthepha C, Tanabe M, Akita K, Akaraviputh T. Surgical 
strategies for challenging common bile duct stones in the endoscopic era: A comprehensive review of current evidence. World J 
Gastrointest Endosc 2024; 16(6): 305-317
URL: https://www.wjgnet.com/1948-5190/full/v16/i6/305.htm
DOI: https://dx.doi.org/10.4253/wjge.v16.i6.305

INTRODUCTION
Synchronous common bile duct stone (CBDS) or choledocholithiasis affects approximately 10%-20% of patients with 
gallstone (GS), a condition known as cholecystolithiasis or cholelithiasis[1,2]. This prevalence is attributed to advanced 
diagnostic modalities such as endoscopic ultrasonography (EUS) and magnetic resonance cholangiopancreatography[2,
3]. CBDS can lead to various serious sequelae, including obstructive jaundice, ascending cholangitis, hepatic abscess, or 
GS pancreatitis. Although up to 50% of CBDS cases may remain asymptomatic, addressing and treating them in 
appropriate patients is crucial[2,4,5]. According to current recommendations, endoscopic retrograde cholangiopancreato-
graphy (ERCP) with advance adjuncts is the primary treatment approach[6,7]. In the field of ERCP, innovative endo-
scopic techniques for stone removal have significantly increased, including endoscopic large balloon dilatation, 
mechanical lithotripsy, cholangioscopy-assisted lithotripsy, electrohydraulic lithotripsy, extracorporeal shock wave 
lithotripsy, and laser lithotripsy, all of which have gained acceptance[6,8]. Additionally, the integration of artificial 
intelligence (AI) in CBDS management represents a significant advancement in the field of endoscopy. AI-based models 
offer the potential to enhance predictive accuracy and streamline decision-making of cannulation, as well as improve 
difficulty scoring systems for endoscopic stone removal[9-12]. Nonetheless, surgical management continues to play a 
crucial role in subsequent prophylactic cholecystectomy to prevent biliary-related sequelae. It is also essential in cases of 
difficult CBDS, particularly when dealing with large impacted CBDS or altered upper gastrointestinal tract anatomy[6,13,
14]. This review aims to provide contemporary surgical concepts in CBDS treatment, with the ultimate objective of 
optimizing overall therapeutic outcomes.

BRIEF REVIEW OF RELEVANT CLINICAL ANATOMY
Despite a thorough preoperative evaluation, surgeons encounter difficulty in determining the anatomic structures 
surrounding the portal triad and the hepatocystic triangle of Calot because of the marked variations in these structures 
and the adhesions caused by prior inflammation. The extrahepatic bile duct (EHBD) descends from the hepatic 
bifurcation (porta hepatis) to the Ampulla of Vater in the second part of duodenum. It consists of the common hepatic 
duct (CHD) and the CBD, with the CHD located superior to the cystic duct junction and the CBD in the lower portion. 
The CBD can be further classified into three levels: Supraduodenal, retroduodenal, and intrapancreatic, based on its 
anatomical relationship to the duodenum. In its normal course, CHD/CBD runs anterior to portal vein and to the right of 
hepatic artery proper[15]. These three structures are collectively referred as the portal triad, and are enveloped by a 
connective tissue known as the hepatoduodenal ligament (HDL).

The boundaries of Calot’s triangle include the lower liver border, cystic duct, and CHD. The main arterial blood supply 
to the CHD/CBD typically arises from the right hepatic artery (RHA), which approaches CBD at the 3 and 9 o’clock 
positions[16-18]. Therefore, preserving blood supply in these areas is essential to ensure adequate tissue healing and 
reduce the risk of future strictures. Within Calot's triangle, several significant variations of the biliary tree or arteries may 
be encountered, such as the right posterior bile duct draining into the CHD, right posterior bile duct draining into the 
cystic duct, or aberrant RHA passing through the triangle. These variations can lead to complications if not handled with 
caution[19,20]. The critical anatomy is summarized in Figure 1.

https://www.wjgnet.com/1948-5190/full/v16/i6/305.htm
https://dx.doi.org/10.4253/wjge.v16.i6.305
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Figure 1 Common anatomy of portal triad, illustrating the relationship between the extrahepatic bile duct, hepatic artery proper, and 
portal vein. The figure also demonstrates the boundaries of the hepatocystic triangle of Calot and vascular supply to common bile duct at the 3 and 9 o’clock 
position. CBD: Common bile duct

Regarding the cystic artery, it mostly branches off from RHA (79%) within in the Calot’s triangle (82%) and traverse to 
the gallbladder. However, aberrant RHA and replaced RHA are observed in 15%-35% and 5%-21% of cases, respectively
[21,22]. Approximately one-fourth of cystic arteries originate outside the triangle, either superficially or deeply to CHD/
CBD[19,22-24]. During laparoscopic identification, the most common position of cystic artery in relation to cystic duct is 
superomedial (90.6%), followed by posterolateral, anterior, and absence positions, respectively[25].

In addition to the preoperative bile duct imaging, the anatomy EHBD can be evaluated intraoperatively through real-
time cholangiography using fluoroscopy or indocyanine green (ICG) with a fluorescence imaging system[26,27]. 
However, a comprehensive understanding of basic EHBD anatomy and careful imaging evaluation is essential to 
minimize the risk of complications.

ENDOSCOPY APPROACH VERSUS SURGERY
CBDS management involves not only the CBD clearance, but also potential gallbladder removal. While recent 
advancements in endoscopic technologies mostly allow for successful CBD clearance, surgical cholecystectomy is still 
recommended in all surgically-fit candidates, either following endoscopy or simultaneously, as it remains the standard 
approach in numerous guidelines[6,7,28]. After endoscopic sphincterotomy (EST) and CBDS removal, a wait-and-see 
policy is associated with a significant increase in recurrent biliary symptoms, ranging from 5.1 to 22.4 times, and a 2.56-
fold increase in mortality compared to prophylactic cholecystectomy. Interestingly, 26% of patients in the wait-and-see 
group required subsequent cholecystectomy, and the rate of open conversion increased by 2.67 times[29,30]. Therefore, 
subsequent cholecystectomy is encouraged in all patients with CBDS in medically-fit conditions. Several approaches for 
CBDS treatment have been discussed, including two-step ERCP with stone extraction followed by laparoscopic 
cholecystectomy (LC), LC with intraoperative ERCP, same-day approach of ERCP followed by LC or LC followed by 
postoperative ERCP, one-step LC with laparoscopic common bile duct exploration (LC-LCBDE), and one-step open 
surgery[2,31-33].

The surgical approach to remove CBDS, known as CBDE, can be carried out using minimally invasive techniques, such 
as laparoscopic surgery or robotic surgery, or through an open approach. If the minimally invasive approach is available, 
it is the preferred first line surgical treatment, particularly LC-LCBDE in high-volume institutions. Although robotic 
surgeries are on the rise, available publications of robot-assisted CBDE only exist in the form of case series and reports, all 
of them claimed it to be safe and feasible, with minimally invasive benefits[34,35]. In a randomized controlled trial 
comparing laparoscopic vs open CBDE, no significant differences were observed in terms of stone clearance rate (94.2% vs 
96.6%, P > 0.2), operative time (82 min vs 90 min, P > 0.1), and overall morbidity (6.5% vs 12.7%, P > 0.05). However, the 
laparoscopic group demonstrated significantly less intraoperative blood loss (20 mL vs 285 mL, P < 0.01) and shorter 
length of stay (4.2 d vs 12.6 d, P < 0.01)[36].

Recent evidence highlights the advantages of the single-step LC-LCBDE approach over the conventional ERCP 
followed by LC. Numerous studies have shown that the one-step LC-LCBDE reduces hospital admissions, shortens 
length of stay, and lowers hospital costs compared to ERCP followed by LC[7,31,37-39]. Regarding treatment outcomes, 
meta-analyses conducted in 2019, 2021, and 2023 consistently demonstrated no significant difference in success rate, 
CBDS clearance, major morbidity, mortality, or total procedural time between LC-LCBDE and ERCP followed by LC. 
However, LC-LCBDE has shown a higher rate of bile leakage, and a lower rate of postoperative pancreatitis and 
cholangitis[40,41]. Conversely, a meta-analysis in 2018 revealed a higher CBDS clearance rate (94.1% vs 90.1%, P = 0.012), 
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lower retained stones rate (1.2% vs 7.9%, P = 0.004), and lower stone recurrence (1.8% vs 5.6%, P = 0.005) with LC-LCBDE 
compared to ERCP then LC[42]. Another approach advocated by some specialists to shorten hospital stays and reduce 
admissions is LC with intraoperative ERCP. A 2021 meta-analysis demonstrated comparable rates of technical success, 
morbidity, and conversion between LC-LCBDE and intraoperative ERCP with LC. However, LC-LCBDE was associated 
with higher rates of biliary leaks, lower rates of postoperative pancreatitis, and an increased rate of retained stones[43].

On the other hand, LCBDE potentially reduces post-ERCP/EST complications such as pancreatitis, bleeding, duodenal 
perforation, and permanent Oddi’s sphincter injury, which can lead to papillary stenosis, duodeno-biliary reflux, and 
sine-materia cholangitis[44]. Limited endoscopy services in some countries, including Thailand, due to a shortage of 
trained endoscopists further emphasize the significance of LC-LCBDE as a potential first line treatment option for CBDS
[45]. If evidence supporting LC-LCBDE in CBDS treatment becomes clearer, including from trials like the Gallstep trial, 
single-step LC-LCBDE can be considered another first line treatment in the near future.

Learning how to perform safe LCBDE using several techniques is essential. Surgeons have been able to reduce the 
operative time and postoperative complications of LCBDE after gaining experience handling 54 cases and implementing 
primary ductal suture[46]. Centers performing LCBDE should be high-volume institutes with experienced surgeons in 
minimally invasive or hepatobiliary surgery, who have comprehensive knowledge of biliary anatomy, skills to perform 
and interpret intraoperative cholangiogram (IOC) and intraoperative ultrasonography (IOUS) results, proficiency in 
intracorporeal suturing, and competence in various techniques for CBDS extraction, such as the Chopstick technique, 
balloon extraction, Dormia basket, and choledochoscopy-assisted extraction[47,48].

In conclusion, although the current standard for CBDS management involves ERCP followed by LC; the single-step 
LC-LCBDE offers numerous advantages and may become the new standard. Minimally invasive approaches of CBDE are 
preferred over open surgery, but they require skilled practitioners and high-volume centers.

INDICATIONS OF LCBDE
While there is currently no clear protocol for selecting LCBDE, experts often recommend surgical CBDE in cases defined 
as “difficult CBDS”, because it serves as a rescue treatment when endoscopic attempts fail. The European Society of 
Gastrointestinal Endoscopy guideline 2019 suggest that cases of CBDS with a diameter > 1.5 cm, multiple numbers, 
barrel-shaped, intrahepatic or cystic duct location, impaction, or altered surgical anatomy e.g. postgastrectomy, periva-
terian diverticulum, distal bile duct stricture or angulation < 135 degree, sigmoid-shaped, and short length CBD, be 
considered as “difficult CBDS” that may require advanced endoscopic techniques or surgery[6]. Some studies also 
included the difficulty in endoscopic cannulation and the presence of ERCP-related complications in difficult CBDS[49]. 
Although there is no current recommendation of LCBDE as the first line CBDS treatment, in our point of view, LCBDE 
should be favored over ERCP in the expert centers for CBDS with: Large (> 1.5 cm) or impacted CBDSs; surgically altered 
gastric and duodenal anatomy; unavailable advanced endoscopic approaches; patients who preferred a single-step 
operation.

In previous ERCP cases, LCBDE was considered when CBD clearance was unsuccessful after 2 episodes of advanced 
endoscopic techniques. However, LC-LCBDE may not be preferred due to some limitations such as unavailable 
experienced surgeons and teams, suspicious choledochal cyst, concurrent distal CBD stricture, and malignancy-related 
CBDS. Alternative surgical approaches, such as resection or surgical bypass, should be considered in these groups.

TRANSCYSTIC VERSUS TRANSCHOLEDOCHAL (TRANSDUCTAL) APPROACH
Two conventional bile duct methods can be used in the surgical removal of CBDS: The trans-cystic (TC) and the trans-
choledochal [or transductal (TD)] approaches. Factors influencing the success of LCBDE approaches have been outlined 
by the Society of American Gastrointestinal and Endoscopic Surgeons since 2018. In the TC approach, factors of success 
include stone diameter < 6 mm, cystic duct diameter > 4 mm, and the lateral entrance of cystic duct to CBD. In contrast, 
larger stones (> 6 mm), small cystic ducts (< 4 mm), intrahepatic stones, and distal or posterior entrances of cystic duct to 
CBD were factors associated with poor success rates for TC LCBDE, and the TD approach is favored in these situations. 
However, the TC approach is preferred for CBDS with small CBD (< 6 mm), markedly inflamed HDL, and poor suturing 
ability, which were the limitations of the TD approach[47].

LCBDE using the TD and TC approaches had success rates of over 84%, with open conversion reported in 5%-8% of 
cases. Although outcomes slightly favored the TC route in terms of bile leak rates, procedural time, duration of hospital 
stay, and morbidity, both approaches showed comparable success rates[50]. Two meta-analyses with large sample sizes 
in 2019 compared CBDS removal by TC vs TD. The first found no significant difference in CBD clearance rate (91.1% vs 
94.1%, P = 0.77) or open conversion rate (3.2% vs 2.4%, P = 0.86) between the TC and TD groups. However, the TC 
approach significantly reduced overall complications (8.4% vs 13.7%, P = 0.001) and biliary complications (1.6% vs 7.0%, P 
= 0.0003), along with blood loss (23.6 mL vs 40.0 mL, P = 0.02), operative time (113.8 min vs 126.3 min, P = 0.005), and 
length of hospital stay (5.2 d vs 7.8 d, P < 0.0001), compared to TD approach[51]. The second meta-analysis demonstrated 
that TC LCBDE had a lower stone clearance rate [odds ratio (OR) = 0.38, P < 0.05)] but no significant difference in open 
conversion rate or need for reintervention compared to the TD group. TC LCBDE also reduced operative time (129 min vs 
175 min, P < 0.05) and length of hospital stay compared to the TD approach. Regarding complications, TC LCBDE 
lowered the bile leakage rate (OR = 0.46, P < 0.05) but showed no difference in the stricture rate[52].
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Based on the reviews mentioned, LCBDE via the cystic duct is the preferred approach when stone characteristics and 
biliary anatomy are favorable. Unfortunately, most CBD stones requiring surgical treatment, as many failed previous 
endoscopic attempts, are large and impacted. Consequently, in challenging situations or when facing limitations, stone 
removal via choledochotomy is considered a safe alternative by experienced surgeons. Surgeons performing LCBDE 
should possess knowledge and skills in both TC and TD approaches.

DIFFICULT LCBDE
There is no widely accepted definition of difficult LCBDE, although operative time, blood loss, open conversion, or 
incomplete stone removal can be used to define the difficulty in other operations. As mentioned, there is slightly lowered 
stone clearance in TC LCBDE compared to TD LCBDE; however, additional intraoperative TD LCBDE is considered in 
experienced centers[52]. The risk of incomplete ductal clearance after TC LCBDE increased in patients with bile duct 
diameter > 6 mm (6.9-folds) and CBDS size > 5 mm (3-folds)[53]. The conversion of LCBDE to open surgery varied in rate 
from 1.5%-43.1% depending on several factors[36,51,54,55]. Our institute reported a conversion rate of around 28%, with 
large impacted CBDS and tight intraabdominal adhesions, resulting in Calot’s triangle anatomical distortion, being the 
most common causes. This adhesion is significantly associated with previous upper abdominal surgery [relative risk (RR) 
= 4.32][48]. Patients with previous abdominal surgery had longer operative times, higher hospital costs, and a higher 
incidence of wound complications after LCBDE[56]. Another multivariate analysis revealed conversion to open CBDE 
was linked to maximal CBDS diameter (OR = 2.23), edema of CBD (OR = 12.50), and presence of > 1 CBDS (OR = 3.44)
[55]. In addition, prior antibiotic use (OR = 2.98), previous ERCP (OR = 4.99), and abnormal biliary anatomy (OR = 9.37) 
were predictors of failed laparoscopy[54]. Also, 17% of LCBDE cases were converted to open CBDE in patients who 
underwent previous biliary tract surgery, while intraoperative blood loss, hospital stay, and time to oral diet were 
significant better in LCBDE than in open CBDE[57]. The study on grading the difficulty of CBDE, Nassar et al[58] found 
that difficult cases often present emergently, with symptoms like obstructive jaundice and prior sphincterotomy. Easy 
cases typically undergo TC exploration, whereas difficult cases were more likely to undergo TD exploration. Choledo-
choscopy was more commonly utilized in difficult cases. As difficulty increased, there was a rise in the use of biliary 
drains, open conversions, operative time, complications, hospital stay, readmissions, and retained stones[58].

Factors increasing the difficulty of LCBDE include large bile duct diameter, CBD edema, large CBDS size, multiple 
CBDS, previous upper abdominal surgery, prior antibiotic use, previous ERCP/EST, emergency CBDE, TD approach, and 
abnormal biliary anatomy. These factors contribute to increased operative complexity, prolonged operative times, higher 
hospital costs, and elevated risk of conversion to open surgery. Despite these challenges, LCBDE remains a viable option, 
with conversion to open surgery warranted when necessary for patient safety.

SURGICAL TECHNIQUES OF LCBDE
Currently, LCBDE is predominantly performed by specialists in minimally invasive surgery or hepatobiliary surgeons 
due to the declining number of CBDE procedures resulting from the emergence of endoscopic treatments, and the 
increased complexity of cases requiring CBDE. Our review intensively provided comprehensive intraoperative 
procedures covering basic patient positioning, port placement, stone removal techniques tailored to CBDS for the TC and 
TD approaches, and ductal closure techniques. Paying attention to every single step may improve patient outcomes and 
minimize surgical-related complications, emphasizing the necessity of rehearsing each step.

The key steps
The key steps of LCBDE consists of: (1) Positioning and port placement; (2) Calot’s triangle dissection; (3) stone character-
ization by laparoscopic IOUS (LIOUS) or IOC; (4) cystic duct dissection for TC LCBDE vs choledochotomy for TD LCBDE; 
(5) stone extraction; (6) confirmation of complete stone removal; and (7) choledochotomy closure.

General surgical principles and stone characterization
In our approach, patients were positioned either supine or in the French position on a tiltable operative table to facilitate 
optimal access for C-Arm fluoroscopy. Port placement typically included four ports, with the 12-mm trocar placed in the 
epigastrium area for easy access of instruments such as gauzes, suture needles, and inner plastic bag. Additional 5th port 
placement may be considered at the left subcostal area in the left midclavicular line for intracorporeal suturing. While 
there are limited reports on reduced port LCBDE, the single-incision LCBDE via a 25-mm vertical left paraumbilical 
incision showed promising outcomes, with a stone clearance rate of 100% and a conversion to standard ports in 17.8% of 
cases, without report of postoperative pain and incisional hernia rate[59].

Tilting the operative table to a right-sided-up reverse Trendelenburg position, followed by opening the peritoneum 
covering Calot’s triangle using infundibular approach was performed until achieving the critical view of safety as usual. 
The “three lines and one plane” concept, comprising of the duodenal edge, inferior border of right posterior hepatic 
pedicle or Rouviere’s sulcus, midline of CHD/CBD, and the plane of hilar plate, can help during dissection. In cases of 
severe inflammation or adhesion, inferior mobilization of duodenum enhances visibility of CBD for a clearer view[60].

In cases involving suspected bile duct anatomical variations or challenging scenarios, such as previous upper 
abdominal operations, real-time ICG imaging is a favorable option for ductal mapping. It enhances bile duct visibility and 
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reduces postoperative complications and bile leaks[61]. Although there is no absolute consensus, recent research suggests 
that the optimal dose and timing for fluorescence cholangiography with ICG were intravenous administration of 10 mg of 
ICG around 10–12 h before the operation, respectively[62].

Characterization of the CBD and CBDS was based on stone size, shape, number, and location and was crucial for 
selecting between the TC and TD approaches. While LIOUS is the preferred technique when instruments and experienced 
surgeons are available, TC IOC serves as a viable alternative in cases of instrumental limitations. During TC real-time 
IOC, the cystic artery is controlled and divided, followed by distal control using a clip placed as close as possible to the 
gallbladder. A two-by-two gauze is placed near the Calot’s triangle, and then half of the cystic duct circumference is 
sharply incised by endoscissors just proximal to the clip. The cholangiocatheter or 5-Fr feeding tube is then prepared by 
flushing with saline solution to reduce air artifact.

The catheter is inserted via the 12-mm epigastric trocar, then advanced into the distal opening of the cystic duct, and 
bile is aspirated to confirm the proper position. Afterward, the operative table is repositioned into a neutral or slight 
Trendelenburg position, and C-Arm fluoroscopy is prepared for dynamic IOC. Around 10 to 15 mL of diluted 1:1 water-
soluble contrast is injected via the catheter until a complete cholangiogram is achieved. Following this, a careful 
inspection of the cholangiogram is conducted, and the appropriate choice between TC and TD is made.

CBDS suitable for TC removal
To extract CBDS using the TC approach, the operative table is positioned into a right-sided-up reverse Trendelenburg 
posture. The cystic duct incision is then extended proximally towards the cystic duct-CBD junction through sharp 
dissection. Glucagon is injected intravenously at a dose of 1–2 mg to relax the Oddi’s sphincter, if available. Approx-
imately 2 min are allowed for maximal effect. The CBD is then flushed with around 30 mL of saline solution via the 
catheter to clear the small CBDS.

If IOC reveals a retained filling defect, a guidewire is placed via the cystic duct into the duodenum. The cystic orifice is 
dilated using an angioplasty balloon catheter over the wire, up to 5–6 mm, without exceeding the CBD diameter. A 
collapsed 5–6 Fr Fogarty balloon catheter is then inserted through the cystic duct beyond the CBDS into the duodenum 
under fluoroscopy. The balloon catheter is inflated with diluted 1:1 contrast and continuously pulled back with steady 
force to extract the stone through the dilated cystic opening. The previously placed two-by-two gauze reduces the degree 
of bile and stone spillage. Care should be taken because the CBDS may be displaced upwards into the CHD if the cystic 
duct opening is too small.

TC cholangioscopy is performed using a 3.2-mm choledochoscope with a 1.2-mm channel. The guidewire is advanced 
to the opening of the cystic duct using the Seldinger technique. If manipulation is necessary, the choledochoscope is 
gently handled with an atraumatic endograsper. Continuous rinsing of the CBD through the choledochoscope using 
saline solution clears small CBDS and sludge. If ductal clearance is achieved, the cystic duct stump is closed with conven-
tional clips. If retained CBDSs are identified, the retrieval wire basket is inserted via the working channel of the 
choledochoscope to catch and remove the stones under scope vision. The recent implementation of leveraging access to 
technology and enhanced surgical technique principles in TC-LCBDE includes four factors: Ultrathin choledochoscope, 
Lithotripsy assisted bile duct exploration by laparoendoscopy, correction of cystic duct-CBD junction, and trans-
infundibular approach linked to higher TC exploration rates, improved stone clearance rates, reduced post-operative 
morbidity, and shorter hospital stays[63].

However, if CBDSs are grossly larger than the cystic duct orifice post-dilatation, basket use is avoided as it may lead to 
complication, such as irretrievable basket and stone. If complete ductal clearance is not achieved, conversion to TD CBDS 
removal is considered.

CBDS suitable for TD removal
The dissection proceeds distally along the cystic duct to the CBD junction. The anterior peritoneum covering the portal 
triad is then opened, followed by identification of the CBD. To confirm the presence of bile, a 25 G needle is used to 
puncture the CBD, and bile is aspirated. In cases of severe inflammation, the CBD can be located using a line from the 
hepatic duct bifurcation to the midpoint of the duodenal bulb[60]. Adequate placement of gauzes and an endobag is 
essential to minimize contamination and facilitate stone collection. Typically, the anterior wall of the CBD is opened 
vertically using a sharp dissection with endoscissors, ensuring avoidance of injury to vasculatures around the 3 and 9 
o’clock positions. The choledochotomy is then made around the midpoint of the inferior surface of the quadrate lobe or 
approximately 1.5–2 cm superior to the duodenum. The size of the choledochotomy should be sufficient to accommodate 
the diameter of the largest stone and choledochoscope.

The preferred method for extracting CBDS involves several techniques, including the Chopstick technique, saline 
flushing via catheter or choledochoscope, Fogarty balloon catheter, and Dormia basket. At our institution, we prioritize 
the Chopstick technique via choledochotomy as the primary approach due to its simplicity and cost-effectiveness. This 
technique allows for the complete removal of two-thirds of CBDS, with the option to utilize additional extraction tools as 
needed without any restriction. Following the creation of an adequate choledochotomy, gentle milking of the CBDS from 
the distal to proximal direction is performed using a pair of atraumatic graspers, suction, or a Maryland dissector. One 
instrument is positioned on the right-posterior side avoiding injury to the portal vein, while the other is placed on the left-
anterior side of the CBD, resembling the use of chopsticks, as shown in Figure 2. Subsequently, CBDS is safely extracted 
through the choledochotomy site[48].

If the Chopstick technique proves unsuccessful, the subsequent alternatives include the use of either Fogarty balloon or 
basket extraction. The 5-6 Fr Fogarty balloon catheter can be directly inserted through the choledochotomy distal to CBDS 
under fluoroscopy without the need for a wire guide. The balloon catheter is inflated with diluted contrast, and then 
withdrawn to remove the stone through the choledochotomy site. A choledochotomy site that is too small may result in 
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Figure 2 Transductal bile duct stone removal using the chopstick technique. Two atraumatic instruments are placed on the right-posterior and the left-
anterior side of the common bile duct.

upward migration of the CBDS. In the TD approach, a 3.2-mm choledochoscope with a 1.2-mm channel is typically 
inserted through the epigastrium port to the choledochotomy site using the free drive technique, where gentle manipu-
lation of the scope with an atraumatic endograsper is essential. Choledochoscopy with continuous saline infusion can aid 
in clearing stone fragments and sludge; however, relying solely on irrigation for stone clearance in choledochoscopy is 
often unsuccessful due to challenging stone characteristics. Stone retrieval using the through-the-scope wire basket 
follows a similar procedure to the TC approach but with a reduced risk of basket and stone entrapment in the TD 
approach.

Confirmation of complete stone removal
To ensure complete removal of stones, two available options include IOC and intraoperative choledochoscopy. According 
to a randomized trial by Vindal et al[64], choledochoscopy was found to be superior to IOC. They reported that IOC 
required more operative time (170 vs 140 min, P < 0.001) compared to the choledochoscopy group, and IOC may lead to 
false positives due to non-passage of contrast into the duodenum caused by sphincter of Oddi spasm[64,65]. It is crucial 
to thoroughly examine the ducts. Therefore, the scope should be advanced proximally to the right and left intrahepatic 
ducts, and distally into the duodenum, as demonstrated in Figure 3. However, if instrument availability is a concern, 
complete IOC can be applied after LCBDE, along with glucagon administration for sphincter relaxation.

Primary ductal closure, Biliary Stent, and T-tube
To mitigate the risk of postoperative bile leakage following supraduodenal choledochotomy after TD LCBDE, it is 
advisable to alleviate intraductal pressure through biliary drainage, particularly in cases without sphincterotomy. Studies 
have shown that primary ductal closure (PDC) without stent placement after CBDE resulted in slight bile leakage in 
16.7% of patients without prior EST[66]. While T-tube insertion was previously common practice after CBDE, current 
evidence largely discourages routine T-tube placement due to associated complications, such as patient discomfort, tube 
dislodgement, infection, fluid and electrolyte imbalance, bile peritonitis upon removal, unhealed fistula, delayed ductal 
stricture, etc[67]. Recent meta-analyses have indicated that no T-tube drainage post-LCBDE is preferred due to lower rates 
of bile peritonitis, shorter operative time, and reduced length of hospital stay, with no significant differences in retained 
stones, recurrent stones, or ductal stricture observed between groups[68-70]. Antegrade CBD stent placement has been 
found to significantly decrease postoperative stay (1.0 d vs 3.4 d) and complications (0% vs 11%) compared to T-tube 
placement[71]. A recent study comparing outcomes among the PDC (no-stent) group, closure-over-stent group, and T-
tube group found no significant differences in operative time and biliary-specific complications, while hospital stay and 
recovery of liver function tests were significantly faster in the closure-over-stent group[72]. Internal stent placement not 
only provides pressure relief, but also offers advantages in cases with retained CBDS. The CBD stent can theoretically 
exert frictional force on the retained stones, leading to fragmentation. Additionally, the internal stent aids endoscopists 
during postoperative CBD cannulation in ERCP, thereby improving the stone extraction rate (82%-100%)[71]. 
Consequently, in TD LCBDE, it is customary to advance a 7-10 Fr biliary stent via laparoscopic approach through the 
choledochotomy site into the duodenum, regardless of whether sphincterotomy has been performed. T–Tube placement 
is generally avoided, except in cases of incomplete ductal clearance or unhealthy tissue.

In the TC approach, closure of the cystic stump typically involves the use of plastic/metallic clips or intracorporeal 
ligation with absorbable sutures. Closure of the choledochotomy opening is commonly achieved with intracorporeal 
interrupted absorbable sutures, typically 4-0 or 5-0, perpendicular to the choledochotomy line, if possible, to reduce the 
risk of future ductal stricture, as shown in Figure 4. Surgeons performing choledochotomy closure should possess 
proficient intracorporeal suturing skills, as an inexperienced surgeon is an independent risk factor for bile leakage[67]. If 
the suturing angle is limited, placement of an additional 5-mm trocar in the left subcostal area may facilitate suturing. 
There is no significant difference in leakage rates between interrupted and continuous sutures[67].
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Figure 3 Confirmation of complete ductal clearance by choledochoscopy. The choledochoscope should pass proximally to visualize the left and right 
intrahepatic ducts, as well as distally to the duodenum, to ensure complete ductal examination. Additionally, irrigation with normal saline solution via the 
choledochoscope proves beneficial for flushing out small stones and sludge.

Figure 4 Ductal closure following complete transductal common bile duct stone removal. Typically, intracorporeal suturing with interrupted 4-0 or 5-
0 absorbable sutures is utilized. Based on current evidence, the closure-over-stent technique, which involves inserting a 7-10 French biliary stent followed by primary 
suture, is recommended.

Following successful duct exploration, cholecystectomy is completed. Gross contamination is thoroughly cleaned 
through aspiration and saline irrigation. An endobag is inserted through the 12-mm port to collect visible stones, gauzes, 
and the gallbladder specimen for retrieval. Placement of a closed suction drainage system in the subhepatic area is 
preferred to enable early detection of bile leakage. Complete suction of carbon dioxide pneumoperitoneum before 
abdominal closure significantly reduces postoperative pain and discomfort[73].

CBDS IN SURGICALLY ALTERED ANATOMY
CBDS in patients with surgically altered anatomy, following procedures such as gastrectomy with Billroth I or II 
reconstruction, esophagectomy with gastric conduit, pancreaticoduodenectomy, hepaticojejunostomy, or Roux-en-Y 
gastric bypass for obesity, present significant challenges for endoscopic intervention. Nevertheless, experienced 
endoscopists have developed specialized techniques to address these challenges. These include balloon enteroscopy-
assisted ERCP (BE-ERCP), EUS-guided biliary drainage, and laparoscopic-assisted transgastric ERCP. These innovative 
techniques hold promise in overcoming variations in anastomosis direction or dealing with very long afferent limb. 
Successful cholangiography rates achieved with these procedures typically ranging from 70% to 90%[74]. In patients with 
previous abdominal surgery, LCBDE does not significantly increase the open conversion rate or hospital stay compared 
to patients with no prior abdominal surgery, although operative time may slightly increase. Open conversion rates in this 
population range from 6.7% to 14.9%, with hospital stays ranging from 10.3 to 14.7 d[56,75]. Residual CBDS, bile leakage, 
and biliary stricture rates in patients with previous abdominal surgery were reported as 5.0%, 0.0%, and 1.7%, 
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respectively[56]. Specifically, in the previous gastrectomy group, the mean operative time was 124.4 minutes, the open 
conversion rate was 6.7%, and the hospital stay averaged 10.3 d[75].

SPECIFIC COMPLICATIONS OF LCBDE
Retained and recurrent stone
The overall incidence of retained CBDS after LCBDE ranged from 0 to 5.58%[47,56]. Comparatively, the stone clearance 
rate in TC LCBDE was slightly lower at 91.1% compared to 94.1% in TD LCBDE, with an odds ratio of 0.38[51-52]. When 
comparing LC-LCBDE with ERCP followed by LC, LC-LCBDE showed a significantly lower rate of retained stones (1.2% 
vs 7.9%, P = 0.004) and stone recurrence (1.8% vs 5.6%, P = 0.005)[42]. There was no significant difference in the incidence 
of retained and recurrent stones between the T-tube and no T-tube groups after LCBDE[68,69]. In open CBDE, the 
prediction of residual stones at 4 to 8 wk postoperatively was classified based on three factors: Primary disease (GS = 0, 
CBDS with or without GS = 1, intrahepatic-CBDS = 2), stone diameter (less than 1 cm = 0, 1 cm or larger = 1), and 
choledochoscopy confirmation (yes = 0, no = 1). The residual stone rate was 5.6% for a total score of 0 to 1, 27.4% for a 
score of 2 to 3, and 80% for a score of 4, respectively[76]. Intraoperative confirmation of ductal clearance by choledo-
choscopy was strongly recommended in every case, with IOC as an alternative option. In cases of incomplete ductal 
clearance, the preferred approach is to employ an internal plastic ductal stent rather than resorting to T-tube placement, 
which is considered for instances involving unhealthy tissue. Both methods are designed to facilitate future endoscopic 
treatment and offer the possibility of subsequent trans-T-tube intervention if needed.

Bile leakage
The incidence of bile leakage following various techniques of LCBDE ranges from 1.3% to 16.7%[47,56,67]. Recent meta-
analyses indicated that TC LCBDE was associated with lower rates of biliary complications (1.6% vs 7.0%) and reduced 
bile leakage compared to TD LCBDE[51,52]. PDC without stent placement after LCBDE resulted in a bile leakage rate of 
11.3%. Narrow CBD diameter (< 1 cm) and surgeons with fewer than 70 LCBDE cases were identified as significant risk 
factors for leakage in cases with PDC, while the mode of closure and choledochotomy length were not associated with 
bile leakage[67]. In patients without previous sphincterotomy, PDC without stent led to slight bile leakage (less than 150 
mL/d) in 16.7% of cases, which typically resolved spontaneously with the use of abdominal drain[66]. Therefore, 
preference is given to TC LCBDE, when feasible, and internal plastic ductal stent placement is routinely performed in TD 
LCBDE prior to well-trained ductal closure techniques to release intraductal pressure. Additionally, closed-system 
intraabdominal drainage is routinely employed for early detection and therapeutic management of bile leakage.

Stricture
Postoperative stricture occurrence following CBDE is rare, with reported rates ranging from 0% to 0.89%[47,56]. In the TD 
approach, effective prevention hinges on protecting the blood supply of the CBD, employing meticulous intracorporeal 
suturing techniques, and ensuring closure along a transverse line. Additionally, the TD approach is not recommended for 
CBDs measuring less than 7 mm in diameter. Notably, there is no significant statistical difference in the incidence of 
ductal stricture between groups that underwent T-tube placement and those that did not. Consequently, T-tubes are 
reserved for cases involving unhealthy tissue or incomplete ductal clearance[68,69]. In instances of postoperative CBD 
stricture, the primary rescue intervention typically involves endoscopic dilatation and stenting.

Wire basket and stone entrapment
This complication arises due to the inadequate diameter of the exit site for stone extraction, which is more common in the 
TC approach compared to the TD approach. To minimize this complication, alternative stone extraction procedures are 
considered. Proper selection between the TC and TD approaches, based on the characteristics of the stone and CBD, is the 
primary preventive measure. In cases where additional dilatation of the cystic duct opening is necessary in the TC 
approach, it is performed before extraction with a basket. If entrapment occurs, it can be addressed by either extending 
the cystic duct opening to the CBD or by performing a separate, sufficient ductotomy of the CBD, as is customary in the 
TD approach. Once an adequate exit site size is achieved, the stone-containing basket is gently removed after wire cutting 
in the case of a separated ductotomy.

CONCLUSION
Surgical management remains crucial in CBDS treatment despite the emergence of advanced endoscopic CBDS removal 
and AI technology. Fit patients with CBDS typically require further cholecystectomy to prevent recurrent biliary 
symptoms. In challenging cases or failed endoscopic procedures, CBDE serves as a rescue alternative and may even 
become the first line treatment of CBDS in the near future due to its efficacy and cost-effectiveness. Surgeons should 
possess a thorough understanding of CBDE techniques, with minimally invasive approaches now considered standard 
practice over open surgery. While TC stone removal is preferred over TD, familiarity with both methods is essential. 
Given that many CBDS cases undergoing CBDE have previously undergone ERCP, indicating potential difficulties with 
stone removal, most require the TD approach. The Chopstick technique is commonly recommended in TD stone removal 
due to its simplicity. Confirming stone removal completion with choledochoscopy is preferable, and duct closure with 
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primary suture and internal stent placement typically favored over the use of T-tubes. Complications such as retained 
stones, bile leakage, duct strictures, and instrument entrapment must be anticipated and promptly addressed to optimize 
patient outcomes.
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