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ABSTRACT

Choledocholithiasis remains a common and clinically significant condition encountered in general and hepatobiliary
surgery. The evolution of minimally invasive techniques has transformed its management, shifting practice from traditional
open exploration and staged endoscopic-surgical approaches toward single-stage laparoscopic strategies. This manuscript
provides a comprehensive review and synthesis of contemporary evidence on the laparoscopic management of common
bile duct stones, with particular emphasis on single-stage laparoscopic common bile duct exploration (LCBDE). Drawing
upon retrospective cohort studies, long-term institutional experiences, and comparative analyses, this article evaluates
indications, technical approaches, outcomes, and limitations associated with modern laparoscopic techniques. Topics
explored include patient selection, transcystic versus choledochotomy approaches, primary closure versus T-tube drainage,
adjunctive technologies such as pneumatic lithotripsy and self-expanding metal stents, and training considerations for safe
implementation. Outcomes including stone clearance rates, morbidity, length of hospital stay, and resource utilization are
discussed in detail. The review highlights areas of consensus as well as persistent controversies, particularly regarding
optimal closure techniques and the learning curve associated with advanced laparoscopic biliary surgery. By integrating
available evidence and identifying existing gaps, this manuscript aims to support informed clinical decision-making and
guide future research in the management of choledocholithiasis.
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combined with laparoscopic cholecystectomy in a staged
manner. While effective, this two-stage strategy is

Choledocholithiasis, defined as the presence of gallstones associated with increased hospital stay, higher overall
within the common bile duct (CBD), represents a frequent  €osts, and procedure-related complications such as
complication of gallstone disease and is associated with Pancreatitis and bleeding [10,11]. These limitations have
significant morbidity if not appropriately managed. Clinical ~Prompted renewed interest in single-stage surgical
manifestations range from asymptomatic biochemical solutions.

abnormalities to biliary colic, obstructive jaundice, Laparoscopic common bile duct exploration has emerged
cholangitis, and pancreatitis. Historically, the management of 352 viable alternative, offering the potential for definitive
CBD stones evolved alongside advances in diagnostic imaging ~ Stone clearance and cholecystectomy in a single anesthetic
and operative techniques, moving from open surgical session. Early adoption was limited by technical
exploration toward less invasive endoscopic and laparoscopic ~ complexity and concerns regarding safety, but
approaches [8,10]. accumulating evidence has demonstrated favorable
The introduction of endoscopic retrograde ~ outcomes when performed by trained surgeons [1,4,6].
cholangiopancreatography (ERCP) in the latter half of the Advances in laparoscopic instrumentation, imaging, and
twentieth century fundamentally altered the therapeutic —Surgeon training have further expanded its applicability.
landscape. ERCP with sphincterotomy became widely adopted ~ Despite these advances, considerable variation persists in
as a minimally invasive method for stone extraction, often  clinical practice. Decisions regarding patient selection,
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choice of transcystic versus choledochotomy approach,
methods of stone fragmentation, and strategies for ductal
closure remain subject to debate [11,12]. Furthermore,
institutional experience and resource availability strongly
influence management algorithms. This manuscript aims to
synthesize current evidence on laparoscopic management of
choledocholithiasis, critically appraise outcomes reported in
the literature, and highlight unresolved issues that warrant
further investigation.

METHODS

This manuscript is based on a structured narrative review of
peer-reviewed literature addressing the surgical management
of choledocholithiasis, with particular emphasis on
laparoscopic techniques. Key references include retrospective
cohort studies, long-term institutional experiences, and
comparative analyses published in international surgical and
gastroenterology journals between 1998 and 2018 [1-12].
The selected studies were analyzed to extract data on patient
demographics, indications for intervention, operative
techniques, adjunctive technologies, and reported outcomes.
Particular attention was paid to stone clearance rates,
perioperative morbidity, length of hospital stay, and need for
additional interventions. Studies evaluating training models
and learning curves were also reviewed to contextualize
implementation challenges [6].

Given the heterogeneity of study designs and outcome
measures, formal meta-analysis was not undertaken. Instead,
findings were synthesized qualitatively to identify common
trends, areas of agreement, and persistent controversies. The
methodological limitations of the existing literature, including
retrospective design and selection bias, were considered
during interpretation.

RESULTS
Patient Selection and Indications

Across the reviewed studies, patients
laparoscopic management of CBD stones typically presented
with symptomatic cholelithiasis and confirmed or suspected
choledocholithiasis based on biochemical, ultrasonographic,

or intraoperative findings [1,10]. Indications for LCBDE

undergoing

included stones identified preoperatively or discovered
during laparoscopic cholecystectomy. Advanced age and
comorbidities not considered absolute
contraindications, although patient selection was influenced

by institutional expertise [4,6].

were

Technical Approaches

Two primary laparoscopic approaches were consistently

described: the transcystic approach and choledochotomy.
The transcystic route was favored for small, distally
located stones and a favorable cystic duct anatomy [8,11].
Choledochotomy was employed for larger, multiple, or
impacted stones, offering direct access to the CBD [1,9].
Adjunctive techniques such as pneumatic lithotripsy and
novel articulating forceps were reported to facilitate stone
fragmentation and retrieval in difficult cases [5,9].
Covered self-expanding metal stents were explored as an
alternative strategy in selected patients, particularly when
conventional extraction was unsuccessful [3].

Stone Clearance and Outcomes

Reported stone clearance rates for LCBDE ranged from
85% to over 95%, comparable to or exceeding those
reported for staged ERCP-based strategies [1,4,6].
Morbidity was generally low, with bile leakage and wound
complications being the most frequently reported adverse
events. Length of hospital stay was consistently shorter in
single-stage approaches compared with two-stage
management [2,6].

Ductal Closure Strategies

Primary closure of the CBD following choledochotomy has
gained acceptance as an alternative to T-tube drainage.
Comparative studies reported similar complication rates,
with primary closure associated with shorter hospital stay
and improved patient comfort [12]. However, concerns
regarding postoperative bile leakage persisted,
particularly in the context of inflamed or friable ducts.

DISCUSSION

The accumulated evidence supports single-stage
laparoscopic management as an effective and safe option
for choledocholithiasis in appropriately selected patients.
High stone clearance rates and favorable perioperative
outcomes have been consistently reported, reinforcing the
role of LCBDE as a definitive therapeutic strategy [1,4].
One of the central advantages of LCBDE lies in its ability to
address gallbladder and CBD stones simultaneously,
thereby reducing overall treatment time and resource
utilization. This is particularly relevant in healthcare
systems where access to ERCP may be limited or delayed.
Furthermore, avoidance of sphincterotomy preserves
sphincter function, which may have long-term
physiological benefits [10,11].

Nevertheless, several challenges remain. The technical
demands of LCBDE necessitate advanced laparoscopic
skills and dedicated training. Studies evaluating mastery-

based curricula have demonstrated improved outcomes
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following structured training, underscoring the importance of
institutional commitment [6]. Additionally, the lack of
standardized protocols contributes to variability in practice.
The choice between transcystic exploration and
choledochotomy should be individualized, taking into account
stone characteristics and biliary anatomy. Similarly, decisions
regarding ductal closure require careful consideration of
intraoperative findings and surgeon experience. While
primary closure appears promising, further prospective
studies are needed to define its optimal indications [12].

Expanded Discussion: Training, Innovation, and Future
Directions

The long-term sustainability of laparoscopic management
strategies for choledocholithiasis is closely linked to surgeon
training and technological innovation. Early skepticism
regarding LCBDE stemmed largely from concerns about
operative time, complication rates, and reproducibility.
However, contemporary evidence suggests that these
concerns diminish with experience and structured training
pathways [6].

Residency and fellowship programs that incorporate stepwise
exposure to biliary laparoscopy have reported improved
confidence and technical proficiency among trainees.
Simulation-based training and mentorship models are
increasingly recognized as valuable adjuncts to operative
experience. Such approaches may mitigate the steep learning
curve historically associated with LCBDE and promote wider

adoption.
Technological advances have further expanded the
armamentarium available to surgeons. High-definition

imaging, improved choledochoscopes, and flexible lithotripsy
devices enhance visualization and facilitate stone clearance in
complex cases [59]. The development of covered self-
expanding metal stents represents an innovative approach for
temporary biliary decompression, although their role remains
limited to selected scenarios [3].

From a health systems perspective, single-stage laparoscopic
management aligns with broader goals of efficiency and
patient-centered care. Reduced hospital stay and avoidance of
multiple procedures may translate into cost savings and
improved patient satisfaction. However, these benefits must
be weighed against the initial investment required for
equipment and training.

Future research should prioritize prospective, multicenter
studies comparing single-stage and staged approaches using
standardized outcome measures. Additionally, long-term
follow-up data are needed to assess recurrence rates and
functional outcomes. As minimally invasive surgery continues
to evolve, the integration of robotic platforms and advanced
imaging modalities may further refine the management of
choledocholithiasis.

CONCLUSION

Laparoscopic

management of choledocholithiasis,

particularly through single-stage LCBDE, represents a
mature and effective approach in modern hepatobiliary
surgery. The existing literature demonstrates high stone
clearance rates, acceptable morbidity, and potential
advantages over staged endoscopic-surgical strategies.
Ongoing efforts to standardize training, refine techniques,
and generate high-quality evidence are essential to

optimize outcomes and ensure broader, safe
implementation.
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