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Abstract
Common bile duct (CBD) stone management has evolved significantly with technological advances and an
improved understanding of pathophysiology. This comprehensive review examines current evidence and
emerging trends in CBD stone management, emphasizing modern diagnostic approaches and treatment
paradigms. Recent developments in imaging techniques, including AI-assisted analysis, have enhanced
diagnostic accuracy. Treatment strategies now emphasize minimally invasive approaches, with endoscopic
techniques showing success rates exceeding 90% in experienced centers. Special considerations for specific
populations, including elderly patients and those with altered anatomy, have led to refined management
algorithms. Future directions include novel stone fragmentation technologies, biodegradable materials, and
personalized medicine approaches. The integration of these advances, combined with a multidisciplinary
approach, has improved patient outcomes while presenting new opportunities for enhanced care delivery.
Continued technological innovation and refined techniques suggest a promising future for CBD stone
management, although challenges remain in optimizing treatment selection and preventing recurrence.
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Introduction And Background
Common bile duct (CBD) stones represent a significant healthcare challenge in our aging global population,
with substantial clinical and economic implications. The prevalence of gallstone disease affects up to 30% of
individuals over 70 years, with CBD stones occurring in 10-20% of these cases [1,2]. Recent epidemiological
data [3] indicates an incidence of acute cholangitis at 7.0 per 10,000 people, carrying a concerning mortality
rate of up to 10%. Furthermore, the Global Burden of Disease Study 2019 [4] projects a significant increase in
disease burden over the next decade, primarily driven by demographic shifts toward an aging population.
These trends underscore the pressing need for innovative and effective management strategies to address
this growing healthcare challenge.

The evolution of CBD stone management represents one of the most significant paradigm shifts in
hepatobiliary surgery. Traditional open surgical procedures, once associated with substantial morbidity and
mortality, have largely given way to minimally invasive approaches. The introduction and refinement of
endoscopic retrograde cholangiopancreatography (ERCP) and laparoscopic techniques have transformed the
therapeutic landscape, offering patients safer and more effective treatment options [5]. This transformation
reflects not only technological advancement but also our enhanced understanding of CBD stone
pathophysiology and an unwavering commitment to improving patient outcomes.

The contemporary approach to CBD stone management is driven by several compelling factors. First,
demographic trends showing an aging population with increasing comorbidities necessitate less invasive
treatment modalities that minimize procedural complications [6]. Second, rapid technological advancement
has enabled more precise diagnostic techniques and therapeutic interventions, allowing for tailored
treatment strategies. Third, the growing emphasis on patient-centered care has highlighted the importance
of quality-of-life considerations and individualized treatment planning [7]. These factors collectively shape
modern management approaches, which prioritize minimally invasive techniques, enhanced recovery
protocols, and personalized treatment strategies [6].

The field of CBD stone management currently stands at a critical intersection of clinical necessity,
technological innovation, and evolving patient expectations. While significant progress has been made in
diagnostic capabilities and therapeutic options, important challenges persist, particularly in risk
stratification, management of special patient populations, and optimization of economic outcomes [8-10].
This comprehensive review aims to synthesize current evidence, highlight recent breakthroughs, and
examine emerging challenges and future perspectives in CBD stone management. By analyzing these
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aspects, we seek to provide clinicians with an updated framework for evidence-based decision-making and
optimal patient care delivery.

Review
Pathophysiology and risk factors
Stone Formation Mechanisms

Choledocholithiasis represents a complex pathophysiological process that manifests through two distinct
mechanisms of stone formation. Primary CBD stones develop de novo within the biliary system due to bile
stasis [11]. This condition typically occurs in settings of increased bile duct diameter, presence of biliary
diverticula, or conditions predisposing to bacterial contamination of bile. In contrast, secondary CBD stones
originate from gallbladder stones that migrate into the CBD, usually precipitated by gallbladder contractions
and anatomical factors [11].

Clinical Complications

The pathophysiological cascade following stone formation involves several key mechanisms that can lead to
significant clinical complications. Biliary obstruction results in increased intraductal pressure, creating
biochemical and mechanical alterations of bile flow [12]. This obstruction commonly manifests as
obstructive jaundice, bacterial colonization leading to bactibilia, ascending cholangitis, or gallstone
pancreatitis [13,14]. These complications arise from the complex interplay between mechanical obstruction,
inflammatory responses, and bacterial contamination of the biliary system.

Risk Factors

Multiple risk factors contribute to CBD stone formation, which can be categorized as modifiable and non-
modifiable. Non-modifiable risk factors include advanced age, female gender, genetic predisposition
(particularly ABCB4 gene mutations) [15], and anatomical variations in the biliary tract [16]. Modifiable risk
factors encompass obesity, metabolic syndrome components, rapid weight loss, dietary factors (high-fat,
low-fiber diet) [17], and physical inactivity. Special clinical conditions such as cirrhosis, primary sclerosing
cholangitis, history of biliary surgery, total parenteral nutrition, and pregnancy also significantly increase
the risk of stone formation [18].

Recurrence Risk Factors

Recent meta-analyses have identified specific risk factors for stone recurrence, which have important
implications for long-term management [19]. These include CBD diameter ≥15 mm, sharp CBD angulation
(<145 degrees), multiple ERCP interventions, postoperative pneumobilia, previous CBD surgery, and biliary
stent placement history [20,21]. Understanding these pathophysiological mechanisms and risk factors has
crucial implications for clinical management, influencing both diagnostic and therapeutic approaches. This
knowledge guides risk stratification for diagnostic modality selection, determines intervention urgency, and
influences the choice between different treatment techniques. Furthermore, it enables the implementation
of targeted preventive measures for high-risk patients, guides post-procedure surveillance protocols, and
informs patient education and lifestyle modification recommendations.

Modern diagnostic approaches
Clinical Assessment and Laboratory Studies

The accurate diagnosis of CBD stones requires a systematic, multimodal approach that balances diagnostic
accuracy with cost-effectiveness and patient safety [22,23]. Modern diagnostic strategies employ a stepwise
methodology, beginning with clinical assessment and laboratory studies before progressing to various
imaging modalities. This integrated approach has demonstrated superior diagnostic accuracy while
minimizing unnecessary invasive procedures.

Laboratory tests serve as crucial initial diagnostic tools in the evaluation of suspected CBD stones. Key
biochemical markers include gamma-glutamyl transpeptidase, alkaline phosphatase, and total bilirubin,
which serve as independent predictors of CBD stones [24]. These markers not only aid in initial diagnosis but
also provide valuable information about the degree of biliary obstruction and cholestasis. Serial
measurements of these parameters help monitor disease progression and treatment response, with the
combination of markers providing diagnostic sensitivity and specificity [25].

Imaging Modalities

Imaging modalities play a central role in confirming the diagnosis and planning therapeutic interventions.
Ultrasound (US) typically serves as the first-line imaging technique due to its widespread availability, cost-
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effectiveness, and non-invasive nature [26]. At the same time, US can identify CBD dilation and stones,
characterized by echogenic rounded structures with posterior acoustic shadowing, with limitations in obese
patients or those with interfering bowel gas [27]. Magnetic resonance cholangiopancreatography (MRCP) has
emerged as the gold standard non-invasive imaging modality, offering exceptional accuracy with sensitivity
rates of 85-98% and specificity of 75-96% [28-30]. MRCP provides detailed visualization of the biliary tree
without the need for invasive procedures or contrast administration, making it particularly valuable for pre-
procedure planning and anatomical mapping.

Endoscopic US (EUS) represents an advanced diagnostic tool that bridges the gap between imaging and
intervention. EUS demonstrates remarkable accuracy, with detection rates of 96% for stones smaller than 5
mm and 98% for larger stones [31]. This modality offers the unique advantage of real-time imaging and the
capability for guided intervention, making it particularly valuable in cases where traditional imaging results
are equivocal or when anatomical variations complicate diagnosis. The integration of AI in medical imaging
analysis has further enhanced diagnostic capabilities, with machine learning algorithms improving detection
accuracy and enabling more precise stone measurements [32].

Diagnostic Algorithm and Selection Criteria

The selection of diagnostic modalities should be guided by a careful consideration of pre-test probability,
cost-effectiveness, local expertise, and patient-specific factors [33]. For instance, an initial US followed by
MRCP proves to be the most cost-effective in intermediate-risk patients, while direct EUS may be more
appropriate in high-risk cases [22]. This tailored approach to diagnosis, incorporating both traditional and
emerging technologies, has led to improved accuracy in CBD stone detection, reduced unnecessary invasive
procedures, and better patient outcomes. The continued integration of AI and advanced imaging techniques
promises even greater precision in diagnosis, ultimately supporting more effective treatment planning and
improved clinical outcomes [34].

Current treatment paradigm
Pre-Intervention Assessment

The management of CBD stones has evolved significantly, emphasizing minimally invasive techniques and
personalized treatment strategies. Modern treatment approaches begin with comprehensive patient
evaluation, considering factors such as comorbidities, stone characteristics, and anatomical considerations
[35]. This systematic assessment enables clinicians to select the most appropriate intervention while
minimizing potential complications and optimizing outcomes.

Endoscopic Approaches

ERCP remains the cornerstone of CBD stone management, demonstrating impressive success rates of 85-
98% for stone clearance [28-30]. Recent innovations in ERCP techniques have further enhanced its
therapeutic potential. Endoscopic papillary balloon dilation has emerged as a valuable alternative to
traditional sphincterotomy, particularly beneficial for large stones, as it reduces the need for mechanical
lithotripsy and potentially lowers overall complications [36]. Additionally, cholangioscopy-assisted
lithotripsy has proven effective in cases where conventional ERCP approaches fail, offering direct stone
visualization and targeted fragmentation capabilities [36].

Surgical Management

Surgical management has undergone significant refinement with the advancement of minimally invasive
techniques. Laparoscopic CBD exploration has gained prominence due to its excellent outcomes in terms of
morbidity and mortality, while potentially reducing the need for multiple procedures [37]. This approach has
demonstrated particular value in cases where ERCP is unsuccessful or contraindicated [38]. The emergence
of robotic-assisted surgery has further expanded surgical capabilities, offering enhanced visualization and
precision, which is especially beneficial in anatomically complex cases. These technological advancements
have contributed to improved surgical outcomes and shorter recovery times [38].

Alternative Interventional Approaches

Alternative interventional approaches have been developed for cases where traditional methods may not be
suitable. Percutaneous transhepatic cholangiography drainage has emerged as a viable option for high-risk
patients or when other approaches fail, demonstrating technical success rates of 90-95% [39]. Novel
interventional techniques, including EUS-guided approaches, have expanded treatment options, particularly
valuable for patients with surgically altered anatomy [40]. These alternative approaches ensure that even
complex cases can be managed effectively, although they typically require careful patient selection and
expertise [41].

Multidisciplinary Team Approach
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The success of modern CBD stone management relies heavily on a multidisciplinary team approach,
particularly crucial for complex cases and recurrent stones. This collaborative framework typically involves
hepatobiliary surgeons, interventional gastroenterologists, and radiologists working in concert to develop
comprehensive treatment strategies [42]. The team approach enables more nuanced decision-making,
considering factors such as patient comorbidities, stone characteristics, and anatomical considerations,
ultimately leading to improved outcomes and reduced complications [43]. This integrated approach,
combined with ongoing technological advancements and refined techniques, has transformed CBD stone
management into a more precise and patient-centered discipline.

Special considerations
Elderly Patients

The management of CBD stones requires careful modification of standard approaches in certain patient
populations and clinical scenarios. Elderly patients, particularly those over 80 years of age, present unique
challenges due to increased comorbidities and altered physiological reserves [44]. In this population,
endoscopic management with ERCP demonstrates favorable outcomes, with technical success rates of 90-
95%, although careful patient selection and modified techniques are essential to minimize complications
[39]. Pre-procedure optimization, including careful assessment of coagulation status and cardiopulmonary
function, significantly influences outcomes [45]. Recent studies have shown that abbreviated
anticoagulation bridges and minimal sedation protocols can reduce procedure-related complications while
maintaining therapeutic efficacy [45].

Pregnancy Management

Pregnancy presents another challenging scenario requiring specialized management approaches. CBD
stones during pregnancy carry significant risks for both mother and fetus, necessitating careful
consideration of diagnostic and therapeutic options. While MRCP without gadolinium remains the preferred
diagnostic tool, therapeutic interventions must be tailored to gestational age and severity of presentation
[46]. ERCP, when necessary, should be performed with minimal fluoroscopy time and appropriate fetal
shielding, preferably during the second trimester [47]. Studies have demonstrated successful outcomes with
modified ERCP techniques, reporting maternal and fetal complication rates comparable to non-pregnant
patients when performed by experienced endoscopists [48].

Altered Surgical Anatomy

Patients with altered surgical anatomy, particularly those who have undergone Roux-en-Y gastric bypass or
hepaticojejunostomy, require specialized approaches to CBD stone management. Traditional ERCP may be
technically challenging or impossible in these cases, necessitating alternative strategies. Device-assisted
enteroscopic ERCP has become a viable option, with a high technical success rate in experienced centers
[49]. When enteroscopy-assisted approaches fail, percutaneous or surgical interventions may be necessary.
Recent advances in EUS-guided techniques have expanded treatment options for these challenging cases,
although such approaches should be reserved for centers with appropriate expertise [9].

Complex Stones

Complex stones, defined by size, location (intrahepatic), or composition (hard consistency), require modified
therapeutic strategies. These cases often benefit from a combination of approaches, including
cholangioscopy-assisted lithotripsy, large balloon dilation, or novel fragmentation techniques [50,51]. The
management strategy should consider not only immediate stone clearance but also the prevention of
recurrence, particularly important in patients with intrahepatic stones or primary stone formation. Long-
term outcomes in these cases are optimized through careful follow-up protocols and preventive measures,
including ursodeoxycholic acid therapy when indicated [52].

Acute Cholangitis Management

The management of acute cholangitis accompanying CBD stones requires particular attention to the timing
and sequence of interventions. Early recognition and risk stratification using validated scoring systems (such
as Tokyo Guidelines) guide the urgency and nature of intervention [53]. While emergency decompression is
essential in severe cases, the timing of definitive stone clearance should be individualized based on patient
stability and local expertise. Recent evidence supports early ERCP (within 24-48 hours) in moderate to
severe cases while suggesting that stable patients with mild cholangitis may safely undergo delayed
intervention after appropriate antibiotic therapy [54].

The algorithm (Figure 1) illustrates the standardized diagnostic and therapeutic approach for CBD stones.
This enhanced understanding of special clinical scenarios has led to more nuanced and effective
management strategies. Success in these challenging cases relies heavily on appropriate patient selection,
modification of standard techniques, and careful attention to timing and sequence of interventions.
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FIGURE 1: Management algorithm for CBD stones: a comprehensive
approach
Initial evaluation begins with a clinical assessment of primary symptoms (jaundice, pain, and fever), followed by
laboratory tests (bilirubin, ALP, and GGT) and imaging studies (US as first-line, MRCP as gold standard, and EUS
for special cases). Treatment selection is primarily based on stone characteristics (size, location, and complexity):
endoscopic approaches (ERCP) and laparoscopic surgery serve as the primary intervention and alternative
interventional approaches are reserved for special anatomical considerations or complex cases. Special attention
should be given to elderly patients (preferring minimally invasive approaches), pregnancy (requiring careful
timing), and anatomical variations (potentially needing alternative interventions). A multidisciplinary team approach
is essential for complex cases, recurrent stones, and treatment failures. Long-term follow-up focuses on
monitoring and preventing recurrence. Treatment decisions should be individualized based on patient
characteristics, institutional expertise, and available resources, emphasizing the importance of a comprehensive,
patient-centered approach to optimize outcomes.

ALP: alkaline phosphatase; CBD: common bile duct; ERCP: endoscopic retrograde cholangiopancreatography;
EUS: endoscopic ultrasound; GGT: gamma-glutamyl transferase; MRCP: magnetic resonance
cholangiopancreatography; US: ultrasound

Image credit: Guangbin Chen

Future directions
AI Applications

The management of CBD stones continues to evolve rapidly, driven by technological innovations and
improved understanding of disease pathophysiology. AI and machine learning applications represent one of
the most promising developments in this field [55]. These technologies are being integrated into various
aspects of CBD stone management, from automated stone detection in imaging studies to the prediction of
treatment outcomes. Early studies demonstrate that AI-assisted systems can achieve detection accuracy
rates exceeding 90% [56]. Furthermore, machine learning algorithms are being developed to predict stone
recurrence risk and optimize personalized treatment strategies, potentially revolutionizing our approach to
long-term management [57].
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Technological Innovations

Technological advances in minimally invasive procedures are reshaping therapeutic approaches to CBD
stones. Novel stone fragmentation technologies, including laser systems with enhanced precision and
reduced tissue damage, are showing promising results in initial trials [58]. These systems, combined with
improved visualization technologies, enable more effective stone clearance while minimizing complications.
The development of biodegradable stents and smart materials represents another exciting frontier,
potentially offering temporary biliary drainage without the need for subsequent removal procedures [59].
Early clinical trials of these materials have demonstrated encouraging results, with biodegradation profiles
matching clinical requirements and minimal inflammatory responses.

Robotic Developments

Robotic assistance in biliary procedures is advancing rapidly, with newer platforms offering enhanced
precision and improved ergonomics. These systems are being adapted for both endoscopic and surgical
approaches, potentially expanding the scope of minimally invasive interventions [60]. Initial studies suggest
that robotic assistance may particularly benefit complex cases, such as those involving intrahepatic stones or
altered anatomy [61]. While current cost considerations limit widespread adoption, ongoing technological
refinements and increasing competition are expected to improve accessibility. The integration of haptic
feedback and enhanced imaging capabilities in these systems promises to further improve procedural
outcomes.

Prevention Strategies

Research into the prevention of stone formation and recurrence continues to yield important insights.
Molecular studies are identifying new therapeutic targets, particularly in the pathways involved in
cholesterol metabolism and bile composition. Novel medical therapies, including modified bile acids and
targeted anti-inflammatory agents, are under investigation for their potential role in preventing stone
formation and reducing recurrence rates [62]. Additionally, research into the gut microbiome’s role in stone
formation may lead to innovative preventive strategies, including targeted probiotic therapies or
microbiome modification approaches [63].

Personalized Medicine Approaches

The future of CBD stone management also emphasizes personalized medicine approaches. Advanced
imaging techniques, including molecular imaging and novel contrast agents, are being developed to better
characterize stone composition and predict treatment response [64]. Genetic studies are identifying markers
associated with stone formation risk and treatment outcomes, potentially enabling more targeted preventive
strategies [65]. The integration of these personalized approaches with existing treatment modalities
promises to improve patient outcomes while optimizing resource utilization.

Quality Metrics and Outcome Measures

Quality metrics and outcome measures continue to evolve, with increasing emphasis on patient-reported
outcomes and long-term results [66]. International collaborations are establishing standardized reporting
systems and quality benchmarks, facilitating more meaningful comparisons across institutions and
treatment approaches [67]. These efforts, combined with the development of comprehensive databases and
registries, will provide valuable insights into optimal management strategies and help identify areas for
improvement.

Conclusions
The management of CBD stones has undergone a remarkable transformation, driven by technological
advances and an improved understanding of disease pathophysiology. Modern management emphasizes a
systematic approach to diagnosis and treatment, incorporating advanced imaging modalities, enhanced
endoscopic techniques, and novel surgical approaches. ERCP remains the cornerstone of therapy, while the
development of cholangioscopy-assisted lithotripsy and minimally invasive surgical techniques has
expanded options for challenging cases. The integration of AI in imaging analysis and the evolution of
treatment modalities have particularly benefited specific patient populations, including elderly patients and
those with complex anatomical variations.

These developments carry significant implications for clinical practice, emphasizing the importance of
personalized treatment strategies and multidisciplinary collaboration. Success in managing CBD stones
requires careful patient selection, appropriate application of available technologies, and consideration of
cost-effectiveness. While challenges remain in managing complex cases and preventing recurrence, ongoing
technological advances and refined techniques suggest a promising future. The key to optimal outcomes lies
in balancing innovative approaches with practical considerations, maintaining a focus on evidence-based
practice and patient-centered care. As the field continues to evolve, healthcare providers must stay current
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with emerging technologies while preserving expertise in fundamental techniques, ensuring the best
possible outcomes for patients affected by this condition.
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