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CBD stones impose significant morbidity and cost. This review compares the efficacy and safety of endoscopic sphincterotomy (EST) and laparoscopic common bile duct exploration (LCBDE) and summarizes emerging techniques and remaining controversies. While EST remains a cornerstone for rapid stone extraction, particularly in high-risk surgical candidates, its association with post-procedural pancreatitis and long-term sphincter dysfunction underscores the need for judicious patient selection. Conversely, LCBDE emerges as a compelling alternative, offering superior complete stone clearance rates for larger or complex stones, reduced post-procedural pancreatitis, and the unique advantage of direct biliary tree visualization. However, its technical demands and bile leak risk necessitate standardized training protocols and institutional expertise. The review further explores cutting-edge adjunctive therapies, including SpyGlass cholangioscopy for impacted stones, extracorporeal shock wave lithotripsy (ESWL) for large calculi, and artificial intelligence-driven procedural planning, which collectively herald a new era of precision medicine in biliary surgery. Notably, hybrid approaches such as intraoperative endoscopic retrograde cholangiopancreatography (ERCP) demonstrate promising outcomes in reducing hospitalization and postoperative complications, albeit requiring multidisciplinary team coordination. Despite these advances, critical knowledge gaps persist regarding long-term functional outcomes of EST, cost-effectiveness of emerging technologies, and optimal management of anatomically complex cases. The lack of robust randomized trials comparing EST and LCBDE in diverse patient cohorts limits contemporary guideline development, underscoring the urgent need for high-quality comparative effectiveness research. This review synthesizes current evidence to advocate for a personalized, algorithmic approach to CBD stones management, balancing procedural risks, stone characteristics, and institutional capabilities. By highlighting translational research opportunities and unmet clinical needs, it provides a roadmap for advancing minimally invasive biliary surgery while challenging the global hepatobiliary community to prioritize patient-centered innovation and rigorous outcomes research.
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Introduction

CBD stones are a prevalent biliary disorder with significant clinical implications. The global incidence varies, but it is estimated that CBD stones are present in 10% of patients with symptomatic gallstones (1). In a systematic review and meta-analysis, the pooled incidence of CBD stones in patients presenting with acute cholecystitis was 13.7% (95% confidence interval 11.8–15.9) (2). These stones can lead to a range of complications, such as cholangitis, pancreatitis, and obstructive jaundice, which can significantly impact a patient's quality of life and even be life-threatening. For example, acute cholangitis, often caused by CBD STONES, could progress to septic shock if not promptly treated. The Chinese REgistry Study on the Treatment of Cholecysto Choledocholithiasis (CREST Choles) aimed to address the lack of data on the clinical outcomes and economic burden of treating cholecysto-choledocholithiasis in China (3). Understanding epidemiology is crucial for developing appropriate screening, prevention, and treatment strategies.

The management of CBD stones is fraught with challenges. Recurrence of CBD stones remains a significant issue, with some studies reporting recurrence rates varying depending on the treatment method. For instance, in a study comparing different treatment approaches, the recurrence rate was found to be influenced by factors such as the type of stone and the treatment modality (4). Complications associated with CBD stones treatment can also be a major concern. Post-ERCP pancreatitis remains the most frequent adverse event; a 2023 Cochrane meta-analysis of 145 RCTs reported an overall incidence of 9.8%, rising to 14.7% in high-risk subsets (5). Anatomical variations further complicate the management of CBD stones. Variations in the biliary anatomy, such as the presence of a periampullary or juxta papillary duodenal diverticulum, can make endoscopic or surgical procedures more difficult (6). These variations may affect the success rate of procedures and increase the risk of complications, highlighting the need for careful pre-operative assessment and individualized treatment plans.

The management of CBD stones has witnessed a significant shift towards minimally invasive techniques, with EST and LCBDE being two prominent approaches. EST has evolved as a key endoscopic technique for CBD stones, allowing for the removal of stones by incision of the sphincter. LCBDE, on the other hand, offers a minimally invasive surgical option for treating CBD stones. A meta-analysis comparing the two techniques showed that LCBDE may have advantages in terms of certain outcomes. For example, in some studies, LCBDE was associated with a lower rate of post-procedure pancreatitis compared to EST (7). However, the choice between EST and LCBDE depends on various factors, including patient characteristics, stone size and location, and the expertise of the medical team. Understanding the comparative efficacy of these techniques is essential for optimizing patient care.



Overview of common bile duct stones


Etiology and classification

The etiology of CBD stones is multifactorial. Cholesterol stones are mainly formed due to supersaturated bile with cholesterol, often associated with factors such as obesity, high - fat diet, and certain genetic predispositions (8). Pigment stones, on the other hand, are more prevalent in patients with conditions like chronic hemolytic anemia or biliary tract infections. These stones can be further classified as primary or secondary. Secondary CBD stones originate from the migration of gallbladder stones into the common bile duct, while primary CBD stones form directly in the common bile duct. In a study comparing primary and secondary choledocholithiasis in cholecystectomy patients, those with primary choledocholithiasis were older, had a greater body mass index, and a larger extrahepatic bile duct diameter (9). Understanding etiology and classification is crucial as it can guide treatment decisions, such as the use of medical dissolution therapy for cholesterol stones.



Clinical presentation

CBD stones can present in various ways, either asymptomatically or with a range of symptoms. Asymptomatic CBD stones are often incidentally detected during imaging studies for other conditions. However, when symptomatic, they can cause jaundice, cholangitis, and pancreatitis. Jaundice occurs due to the obstruction of bile flow, leading to elevated bilirubin levels in the blood. Cholangitis is characterized by inflammation of the bile ducts, often presenting with fever, abdominal pain, and jaundice. Obstructive jaundice occurs in 74.4%–82.1% symptomatic patients with CBD stones (10). Pancreatitis can result from the obstruction of the pancreatic duct by CBD stones. In a systematic review and meta-analysis, asymptomatic patients with choledocholithiasis were found to have a higher risk of post-ERCP pancreatitis compared to symptomatic patients (11). Recognizing the different clinical presentations is essential for timely diagnosis and appropriate treatment.



Diagnostic modalities

Imaging plays a crucial role in the diagnosis of CBD stones. Ultrasound is often the first-line imaging modality due to its non - invasiveness and wide availability. However, its sensitivity for detecting CBD stones can be limited, especially for small stones or stones in the distal common bile duct. Magnetic resonance cholangiopancreatography (MRCP) provides detailed images of the biliary and pancreatic ducts, with a sensitivity of around 76.8% for detecting any abnormality in a pediatric population when compared to ERCP (12). ERCP is not only a diagnostic tool but also a therapeutic option, allowing for the direct visualization and removal of CBD STONES. However, it is associated with a risk of complications, such as post-ERCP pancreatitis. Endoscopic ultrasound (EUS) has shown high diagnostic accuracy for CBD stones, with a pooled sensitivity of 0.97 and specificity of 0.90 in a meta-analysis (13). The choice of imaging modality depends on factors such as the patient's clinical presentation, the suspected size and location of the stones, and the availability of the technology.



Biochemical markers

Biochemical markers can provide valuable information in the diagnosis and management of CBD stones. Elevated bilirubin levels, especially conjugated bilirubin, are often seen in patients with CBD stones due to biliary obstruction. Persistent elevation of serum total bilirubin (>2 × ULN) in patients with CBD stones may indicate severe biliary obstruction and warrants further evaluation for complications (14). Alkaline phosphatase is another commonly used marker, and its elevation can indicate biliary obstruction. Elevated alkaline phosphatase and bilirubin levels in patients with CBD stones reflect biliary obstruction and correlate with disease severity (15). However, these markers are not specific to CBD stones and can be elevated in other biliary and liver diseases, so they need to be interpreted in conjunction with imaging and clinical findings.




Approaches to CBD STONES management


Traditional approaches to common bile duct stones management


Open surgical exploration

Open surgical exploration for common bile duct stones has a long - standing history in the treatment of biliary diseases. In the past, it was one of the primary methods to address common bile duct stones when other less invasive techniques were not available (16). However, this approach is associated with several significant limitations.

The morbidity associated with open surgical exploration is relatively high. For instance, a study analyzing patients who underwent mid-line laparotomy found that male gender and acidosis were associated with open abdominal treatment, and the open abdomen group had a mortality rate of 27% (17). In the context of common bile duct stone surgery, the invasive nature of the procedure can lead to various complications such as wound infections, bleeding, and damage to surrounding organs. Additionally, in patients undergoing open procedures for common bile duct stones, the extensive tissue dissection and potential for postoperative adhesions contribute to a longer hospital stay and a slower return to normal activities. Prolonged recovery is also seen in other open surgeries; for example, in patients undergoing open surgery for lumbar ligamentum flavum cyst, traditional open surgery was associated with a prolonged recovery time compared to endoscopic treatment (18).



Endoscopic retrograde cholangiopancreatography (ERCP)

ERCP has significantly evolved over the years and become a cornerstone in the diagnosis and therapy of common bile duct stones. Initially, it was mainly used for diagnostic purposes, allowing visualization of the biliary and pancreatic ducts. However, with technological advancements, it has transformed into a highly effective therapeutic modality (19).

In terms of diagnosis, ERCP can provide detailed images of the bile ducts, enabling the detection of stones, strictures, and other abnormalities. For example, in a study comparing the diagnostic performance of magnetic resonance cholangiopancreatography (MRCP) and ERCP in the pediatric population, ERCP was used as the reference standard, highlighting its importance in accurately diagnosing biliary and pancreatic abnormalities (12). In terms of therapy, ERCP is now the mainstay for the treatment of choledocholithiasis. A meta - analysis of studies comparing balloon and basket catheters for the extraction of stones ≤ 10 mm in size during ERCP found that balloon catheters had higher complete stone clearance rates than basket catheters (relative risk 1.1, confidence interval 1.03, 1.18, P = 0.006) (19). ERCP can also be used for biliary stenting in cases where stones are not immediately removable, such as in elderly or high-risk patients, providing a palliative solution (20).




Endoscopic sphincterotomy (EST) & laparoscopic common bile duct exploration (LCBDE)


Endoscopic sphincterotomy (EST)

EST involves several procedural steps. First, the endoscope is inserted into the duodenum to locate the ampulla of Vater. Then, a sphincterotome is used to incise the sphincter of Oddi, which allows for the extraction of common bile duct stones. Over time, there have been significant advancements in the devices used for EST (21). One of the notable advancements is the development of different types of sphincterotomes, such as the needle-knife and pull-type sphincterotomy devices. A study comparing the needle-knife pancreatic sphincterotomy technique (NKS) and the standard pull-type sphincterotomy (PTS) found that the incidence of post-ERCP pancreatitis was not significantly different between the two techniques (6.4% for NKS and 7.8% for PTS) when routine prophylactic pancreatic duct stent placement was used (22). Another study comparing transpancreatic sphincterotomy and needle - knife sphincterotomy for difficult biliary cannulation showed that there was no significant difference in the initial and eventual success rates between the two methods (82.9% vs. 90.8% and 90.0% vs. 90.8%, respectively), and the overall incidences of complications and acute pancreatitis were also not significantly different (14.3% vs. 18.4% and 11.4% vs. 11.8%, respectively) (23). These findings suggest that both techniques can be effective, but the choice may depend on the specific situation and the endoscopist's experience. Surprisingly, EST achieves high initial stone-clearance rates (> 90%) for stones ≤ 10 mm (19), and the rate can be further improved to ≈ 97% when combined with balloon dilation for 10–20 mm stones (24).

Adjunctive techniques are often used in conjunction with EST to improve the treatment of common bile duct stones. Balloon dilation, such as endoscopic papillary balloon dilation (EPBD), can be used to enlarge the opening of the sphincter of Oddi, facilitating the extraction of larger stones. A study comparing EST followed by large balloon dilation (LBD) with EST followed by mechanical lithotripsy (ML) for the management of large bile duct stones (12–20 mm) found that the complete bile duct stone removal rate was 97.7% in the EST - LBD group and 91.1% in the EST - ML group (P = 0.36), and the post - procedure complication rate was lower in the EST - LBD group (4.4% vs. 20%, P = 0.049) (25). Mechanical lithotripsy is another important adjunctive technique. It is used to break large stones into smaller fragments that can be more easily removed. However, it has its own risks, such as basket and stone impaction, which can lead to complications like pancreatitis and cholangitis (26). Cholangioscopy-guided therapy, including cholangioscopy-directed lithotripsy, has emerged as a valuable technique for difficult-to-treat stones. A prospective single-center series evaluating the efficacy and safety of a new digital single-operator peroral cholangioscope to guide laser lithotripsy for complicated biliary stones achieved a 94% stone clearance rate over 1 median procedure (27).

EST short-term complications-pancreatitis (9.7%) (5), bleeding (26), and rare perforation-are well documented (26); pancreatitis risk increases with biliary stent placement (OR 4.2) (28). In the long-term, papillary stenosis can develop, which may lead to recurrent biliary problems. A long-term follow - up study of patients who underwent EST for choledocholithiasis found that patients had an increased risk of acute pancreatitis and cholangitis in the long - term compared to those not treated with EST. The hazard ratio for endoscopic sphincterotomy vs. cholecystectomy was 5.5 (95% CI 3.5–8.4) for cholangitis and 4.9 (95% CI 2.8–8.6) for pancreatitis (29). Stone recurrence is also a concern. A study analyzing factors associated with recurrent bile duct stones after EST found that factors such as the size (diameter) of the largest CBD stone found at first presentation, diameter of the CBD at the first examination, use of mechanical lithotripsy, and presence of difficult lithiasis were associated with recurrence (30).



Laparoscopic common bile duct exploration (LCBDE)

LCBDE can be performed using either the transcystic or transductal approach. The transcystic approach refers to entering the CBD through the cystic duct, whereas the transductal approach (also termed choledochotomy) involves a direct anterior incision in the CBD wall. The transcystic approach involves accessing the common bile duct through the cystic duct, which is less invasive as it avoids direct manipulation of the common bile duct. However, it is limited by the size and anatomy of the cystic duct. If the cystic duct is too small or tortuous, it may be difficult to pass instruments through it for stone extraction (31). The transductal approach, on the other hand, involves making an incision directly in the common bile duct. This allows for better access to the stones, especially in cases where the stones are large or there are multiple stones. Intraoperative cholangiography is an important part of LCBDE. It helps in visualizing the biliary tree, identifying the location of stones, and ensuring complete stone removal. A study analyzing the outcomes of LCBDE with intraoperative cholangiography found that it can help in detecting and treating common bile duct stones effectively. For example, in a study of patients with common bile duct stones detected during intraoperative cholangiography, efforts to clear the ducts were associated with a lower risk of unfavorable outcomes compared to taking no measures (32).

Choledochoscopy plays a crucial role in LCBDE. It allows for direct visualization of the common bile duct, enabling the identification of stones, assessment of the biliary anatomy, and confirmation of complete stone removal. For instance, in the case of a double gallbladder with a common bile duct stone, laparoscopic choledochoscopy was used to explore and remove the stone through the cystic duct, followed by a primary suture of the cystic duct without using a T-tube (33). Stone extraction tools such as baskets and balloons are essential for removing stones during LCBDE. Baskets are often used to grasp and retrieve stones, while balloons can be used to push stones into a more favorable position for extraction or to dilate the ampulla of Vater to facilitate stone passage. In CBD stones < 1.5 cm, basket and balloon catheters achieve similar stone-clearance success, but balloons are associated with a lower risk of bleeding or perforation (34). In CBD stones < 2 cm, the complete clearance rate was slightly higher with balloon catheters (96.3% vs. 91.7%), though this difference was not statistically significant (35).

LCBDE is often indicated for patients who require concurrent cholecystectomy and CBD stones management. It offers the advantage of treating both the gallbladder stones and the common bile duct stones in a single-stage procedure. A retrospective study comparing 1-stage management (LCBDE) and 2-stage management (ERCP + laparoscopic cholecystectomy) for patients with gallstones and CBD stones found that the LCBDE group had the shortest operation duration and hospital stay, as well as the lowest long - term postoperative complications, particularly the recurrence rate of CBD stones (36). However, there are also contraindications for LCBDE. Patients with severe inflammation in the biliary area, such as acute cholangitis or pancreatitis, may not be suitable candidates initially, as the inflammation can make the procedure technically difficult and increase the risk of complications. Additionally, patients with complex biliary anatomy, such as those with a history of multiple biliary surgeries or anatomical variations, may require alternative treatment options as LCBDE may be challenging to perform safely in these cases.

Success rates of LCBDE are comparable to EST (24); detailed head-to-head data are presented in Comparative Analysis above. LCBDE achieved a stone-clearance rate of 94.7% (1,810/1,911 patients; pooled proportion 94.7%; 95% CI 93.5%–95.8%) in a recent systematic review and meta-analysis (37). In terms of LCBDE, a high stone clearance rate can be achieved when the procedure is performed by experienced surgeons and appropriate techniques are used.

Another advantage is the preservation of the sphincter of Oddi function. Unlike EST, which may disrupt the sphincter of Oddi, LCBDE can potentially preserve its normal function. Preserving the sphincter of Oddi function may help in maintaining normal bile flow regulation and reducing the long-term risk of complications such as cholangitis and pancreatitis. A study evaluating the long-term risk of pancreatitis and cholangitis after different treatments for gallstone disease found that patients who underwent endoscopic sphincterotomy had a higher risk of these complications compared to those who did not, suggesting the potential benefit of preserving the sphincter of Oddi function (29).

Regarding complication rates, bile leak is a concern in LCBDE. Although the incidence can vary, it is important to ensure proper closure of the common bile duct after stone extraction to minimize this risk. Retained stones are also a potential complication. A study looking at the prevalence of clinically significantly retained common bile duct stones after laparoscopic cholecystectomy found that the prevalence was 1.84% in patients without preoperative evidence of CBD or intrahepatic duct stones, highlighting the importance of thorough stone removal during the procedure (38). However, compared to some other procedures, LCBDE can offer a relatively low complication rate when performed in appropriate patients.



Comparative analysis: EST vs. LCBDE

Meta-analyses have been conducted to compare the success rates of EST and LCBDE in terms of stone clearance. A meta - analysis comparing different endoscopic procedures for common bile duct stones, including EST and related techniques, found that for certain stone sizes and conditions, the success rates can be similar. For example, in the treatment of large bile duct stones, both EST-related techniques and LCBDE can achieve relatively high stone clearance rates. However, success could also depend on factors such as the size and location of the stones, as well as the experience of the operator (39). Another study comparing the efficacy of different methods for difficult biliary cannulation, which is often a part of EST, and LCBDE-related procedures showed that in some cases, the success rates may vary. In patients with difficult biliary cannulation, Wang et al. (23) reported that transpancreatic sphincterotomy (TPS) succeeded in achieving selective bile-duct cannulation in 90.3% (65/72) of cases, significantly higher than the 70.8% (46/65) success rate observed with needle-knife sphincterotomy (NKS) (P = 0.007). Overall, the success rates of EST and LCBDE are comparable in many clinical scenarios, but careful patient selection and appropriate technique application are crucial.

In terms of short-term complications, both EST and LCBDE have their own profiles. EST is more commonly associated with pancreatitis and bleeding in the short-term. As mentioned earlier, the incidence of post-ERCP pancreatitis in patients undergoing EST can be significant, and factors such as endoscopic biliary stenting can increase this risk (28). Bleeding can also occur during or after EST, especially in patients with coagulation abnormalities or when the procedure is technically challenging.

LCBDE, on the other hand, may be more prone to complications such as bile leak in the short-term. The manipulation of the common bile duct during the procedure can lead to bile leakage if the closure is not proper. In the long-term, EST may lead to papillary dysfunction, which can result in problems such as recurrent biliary obstruction and cholangitis. A long-term follow-up study of patients who underwent EST showed an increased risk of cholangitis and pancreatitis, potentially related to papillary dysfunction (29). LCBDE, if performed successfully with preservation of the sphincter of Oddi function, may have a lower long-term risk of such papillary-related complications.

Cost-effectiveness and hospital stay are important factors to consider when comparing EST and LCBDE. In terms of cost-effectiveness, a study comparing different management strategies for gallstones and CBD stones found that the single-stage LCBDE approach was associated with lower costs compared to two - stage approaches that included preoperative or postoperative ERCP (which often involves EST) (36). This is because LCBDE reduces the need for multiple procedures, hospitalizations, and associated costs. In contrast, EST may sometimes require multiple sessions, especially if stone removal is difficult, which can increase the overall hospital stay and associated costs.

Several factors influence the choice between EST and LCBDE. Stone size is an important factor. For smaller stones, EST may be a more straightforward option as it can often achieve high stone clearance rates with less invasive means. For example, in the treatment of stones ≤ 10 mm, EST-related techniques with appropriate stone extraction tools can be effective (19). However, for larger stones or when there are multiple stones, LCBDE may offer better access for complete stone removal, especially if the anatomy allows for it.

Anatomy also plays a crucial role. Patients with a favorable cystic duct anatomy may be suitable candidates for the transcystic approach in LCBDE. On the other hand, if the anatomy of the ampulla of Vater is distorted or there are other anatomical abnormalities, EST may be more challenging, and LCBDE may be a better alternative. The availability of expertise is another key factor. If a center has experienced endoscopists, EST may be a preferred option. However, if the surgical team has more experience with LCBDE, this may be the chosen approach. Additionally, patient comorbidities and overall health status need to be considered, as some patients may be better suited for the less invasive EST, while others may tolerate the more invasive LCBDE if the potential benefits outweigh the risks.

The two tables below (Tables 1, 2) illustrate the steps and differences between the two surgical procedures, respectively.



TABLE 1 Procedural differences between EST and LCBDE.



	EST
	LCBDE





	1. Duodenoscope inserted orally to locate the ampulla of Vater in the duodenum
	1. Laparoscopic ports placed; gallbladder and bile ducts exposed via abdominal exploration



	2. Sphincterotome (e.g., needle-knife or pull-type) inserted to incise the sphincter of Oddi
	2. Intraoperative cholangiography confirms stone location; approach selected (transcystic or choledochotomy)



	3. Stones extracted with balloons or baskets (≤10 mm directly; large stones require adjunctive lithotripsy)
	3. Laparoscopic cholangioscopy guides stone extraction with baskets/balloons (large stones fragmented intraoperatively)



	4. No suturing required; post-procedure monitoring for bleeding or pancreatitis
	4. Choledochotomy closed with sutures and drainage placed; concurrent cholecystectomy performed




	EST side highlights “natural orifice access,” “sphincter incision,” and “no abdominal incisions”; LCBDE side emphasizes “laparoscopic port access,” “direct biliary visualization,” and “simultaneous cholecystectomy”; Arrows indicate pathways (EST: Oral → Duodenum → Bile Duct; LCBDE: Abdominal Ports → Abdomen → Bile Duct).









TABLE 2 Comparison (EST vs. LCBDE).



	Parameter
	EST
	LCBDE





	Access Route
	Transoral via duodenoscope to ampulla of Vater.
	Laparoscopic ports (abdominal access) to expose bile ducts.



	Key Step
	Incision of sphincter of Oddi using sphincterotome (needle-knife or pull-type).
	Direct visualization via cholangioscopy; stone extraction via transcystic or choledochotomy approach.



	Stone Handling
	Balloon/basket extraction; adjuncts (SpyGlass, ESWL) for large/complex stones.
	Basket/balloon extraction; intraoperative lithotripsy for large stones.



	Concurrent Procedures
	Not applicable (separate cholecystectomy if needed).
	Simultaneous cholecystectomy possible (single-stage management).



	Sphincter Function
	Sphincter of Oddi is incised (risk of long-term dysfunction).
	Sphincter function preserved (reduces long-term cholangitis/pancreatitis risk).



	Major Complications
	Post-procedural pancreatitis (9.8% overall), bleeding, rare perforation.
	Bile leak, retained stones (1.84% prevalence), wound-related issues.



	Best For
	Small stones (≤10 mm), high-risk patients, no need for concurrent cholecystectomy.
	Large/complex stones (>10 mm), need for concurrent cholecystectomy, favorable cystic duct anatomy.











Emerging techniques and adjunctive therapies


Spyglass cholangioscopy: direct visualization and laser lithotripsy

SpyGlass cholangioscopy has emerged as a valuable tool for the management of difficult biliary stones. It allows for direct visualization of the bile ducts, enabling more accurate diagnosis and treatment. In cases where conventional ERCP fails to remove stones, SpyGlass guided laser lithotripsy can be effective. A prospective single center series reported a 94% stone clearance rate using SpyGlass DS peroral cholangioscope-guided laser lithotripsy for complicated biliary stones (27). The technique is relatively safe, with complications such as cholangitis and respiratory distress being reported in a small number of cases, which can usually be managed conservatively. This technique is particularly useful for impacted stones or stones that are difficult to access with traditional methods.

Clinical study has shown that the SpyGlass system was able to provide high-definition endoscopic images, enabling doctors to identify and locate stones more accurately, thereby improving the success rate of treatment (40). Additionally, the SpyGlass system combined with electrohydraulic lithotripsy (EHL) has demonstrated excellent results in treating complex bile duct stones, effectively breaking large stones into smaller pieces, thereby improving the success rate of endoscopic treatment and reducing the need for surgery (41). It should be noted that endoscopic working channel inspections conducted using the SpyGlass system revealed that 5.4% of duodenoscopes were still contaminated with high levels of microorganisms despite being cleaned according to the manufacturer's instructions (42). This suggests limitations of the SpyGlass system in microbial contamination control. The SpyGlass system also has certain limitations in obtaining biopsy samples. Although it can perform precise targeted biopsies under direct visualization, the size limitations of the biopsy forceps may result in insufficient sample quantity and quality, thereby affecting the sensitivity of pathological diagnosis (43). Therefore, combining traditional perspective-guided biopsy may be an effective strategy for improving diagnostic sensitivity. Lastly, the SpyGlass system could cause some post-op complications in certain situations. For example, in patients with bile duct strictures, using the SpyGlass system could lead to complications like acute edematous pancreatitis, although these complications can usually be treated with the right care (44). For these reason, it is necessary to weigh the potential clinical benefits of the SpyGlass system against the possible risks to ensure patient safety and treatment efficacy.



Extracorporeal shock wave lithotripsy (ESWL): role in large or impacted stones

For stones not amenable to endoscopic removal, extracorporeal shock wave lithotripsy (ESWL) offers a non-invasive fragmentation alternative. It uses shock waves to fragment stones, making them easier to pass or remove. Cholangitisof patients with difficult - to - retrieve CBD STONES, ESWL achieved total CBD clearance in 80.6% of patients (95% CI 71.2%–88.1%) (45). However, factors such as stone size, location, and the presence of cholangitis can affect the success rate. For example, failure of the treatment was more likely in cases of large stones (≥2 cm), incarcerated stones, and pre-endoscopic retrograde cholangiopancreatography cholangitis (45). Complications of ESWL can include pain, bleeding, and pancreatitis, although the overall complication rate is relatively low.

Previously, ESWL achieved complete removal of common bile duct stones in 90% of patients, with a low incidence of complications, with only a few patients developing cholangitis and acute cholecystitis (46). However, obese patients have lower success rates when undergoing ESWL treatment and require more treatment sessions (47). Furthermore, common bile duct diameter, the presence of gallbladder stones, and the maximum size of the stones are considered risk factors for stone recurrence (48). These factors suggest that when selecting ESWL as a treatment option, it is necessary to comprehensively consider the individual differences of patients and the characteristics of the stones. Technically, the efficiency of ESWL is closely related to the type of lithotripter used, as well as the frequency and energy of the shock waves. It was reported that different types of lithotripters were compared, and it was found that the Modulith SLX-F2 had advantages in reducing the incidence of adverse events and the number of treatments (49). Additional study has shown that using saline infusion improved the fragmentation of stones, resulting in higher treatment success rates (50).

The efficacy and safety of ESWL still require further study compared with other treatment methods, although a favorable outcome has been demonstrated in the treatment of CBD stones. For instance, ESWL has a lower complete stone clearance rate compared to laser lithotripsy, but a relatively lower complication rate (51). Accordingly, individualized treatment plans should be developed based on the specific circumstances of each patient and the characteristics of the stones. Continued exploration of the efficacy of ESWL in different patient populations is warranted, along with comparisons with other treatment modalities, to provide more comprehensive treatment strategy guidance.



Medical dissolution therapy: ursodeoxycholic acid (UDCA) for specific stone types

Medical dissolution therapy with ursodeoxycholic acid (UDCA) is an option for specific types of CBD STONES, particularly cholesterol stones. UDCA works by reducing the cholesterol saturation of bile, potentially leading to the dissolution of stones. A randomized trial comparing the CBD recurrence rate after bile duct stone removal between patients given UDCA and the untreated group suggested that UDCA may be a novel treatment strategy to prevent the recurrence of CBD stones, with a recurrence rate of 6.6% in the UDCA group compared to 18.6% in the untreated group, although the difference was not statistically significant (absolute difference −12.0%; 95% CI −25.9% to 1.9%; P = 0.171) (52). However, the effectiveness of UDCA may depend on factors such as stone size and composition, and it may take a long time to achieve significant results.

To facilitate bedside decision-making, we propose a concise algorithm (Figure 1) that integrates patient risk profile, stone size, and anatomical complexity.


[image: Flowchart for managing high-risk patients with common bile duct stones. It outlines decision pathways based on stone characteristics and anatomical suitability, leading to different treatments: endoscopic sphincterotomy (EST), laparoscopic common bile duct exploration (LCBDE), or combined adjuvant therapy. Postoperative monitoring addresses issues like pancreatitis, bleeding, bile leakage, and retained stones. Alternative pathways depend on specific conditions like cholecystectomy.]
FIGURE 1
CBD tones management: decision tree for EST vs. LCBDE selection. Step by step guidance on surgical procedure selection based on key factors such as patient risk stratification, stone characteristics, and anatomical conditions. 1) Assess Patient Risk Status. If patient is high-risk (e.g., advanced age, severe comorbidities, poor surgical tolerance), prioritize EST (supported by manuscript evidence that EST is preferable for high-risk surgical candidates). If patients are low/medium-risk, proceed to evaluate stone characteristics. 2) Evaluate Stone Characteristics. For small (≤10 mm) and simple stones, prioritize EST (EST achieves >90% clearance for stones ≤ 10 mm). For large (>10 mm) or complex stones (e.g., multiple, impacted, or associated with strictures), proceed to assess anatomical suitability. 3) Assess Anatomical Suitability. If cystic duct anatomy is favorable (≥3 mm diameter, non-tortuous), prioritize LCBDE via transcystic approach. If cystic duct anatomy is unfavorable: If concurrent cholecystectomy is needed, prioritize LCBDE (single-stage management reduces recurrence and hospital stay). If no cholecystectomy is needed, base the decision on institutional expertise (EST with adjuncts like SpyGlass or mechanical lithotripsy vs. LCBDE). 4) Post-Procedural Monitoring. For EST: Monitor for post-procedural pancreatitis (9.7% incidence) and bleeding. For LCBDE: Monitor for bile leak and retained stones.





Challenges and future directions


Unresolved issues: long-term outcomes of EST related sphincterotomy

The long-term outcomes of EST - related sphincterotomy remain an area of concern. While EST is an effective short - term treatment for CBD STONES, there are potential long-term complications. One of the main issues is the risk of post-EST pancreatitis, which can occur in the long - term and may lead to chronic pancreatitis in some cases. In a study of pediatric patients who underwent EST, long - term complications (>30 days) developed in 6.1% (95% CI 2.9%–11.0%) of patients, including cholangitis with or without bile duct stone and minor papilla restenosis (53). Another concern is the impact on the sphincter of Oddi function, which may lead to reflux of duodenal contents into the biliary tree, increasing the risk of recurrent cholangitis. More research is needed to fully understand these long - term outcomes and develop strategies to mitigate the risks.



Standardization of LCBDE training and accessibility

The standardization of LCBDE training is crucial for ensuring the quality and safety of the procedure. Currently, there is a lack of uniform training guidelines, which may lead to variations in the skills and outcomes of surgeons performing LCBDE. A study on the training of bronchoscopy skills in pulmonology residents found that a standardized one-day simulation-based training course led to rapid improvement of basic bronchoscopy skills (54). Similar standardized training programs could be developed for LCBDE. Additionally, improving the accessibility of LCBDE is important, especially in regions with limited resources. This may involve training more surgeons in the technique and ensuring the availability of the necessary equipment.



Innovations: hybrid approaches

Hybrid approaches, such as intraoperative ERCP, are emerging as innovative strategies for the treatment of CBD stones. Intraoperative ERCP combines the advantages of endoscopic and surgical techniques, allowing for real-time diagnosis and treatment of CBD stones during laparoscopic cholecystectomy. A meta-analysis comparing single-stage intraoperative ERCP combined with laparoscopic cholecystectomy vs. preoperative ERCP followed by laparoscopic cholecystectomy found that the intraoperative ERCP group had a shorter length of hospital stay (mean difference in length of stay −2.04 days; 95% CI −2.75 to −1.33; P < 0.001), lower overall morbidity (RR 0.55; 95% CI 0.35–0.85; P = 0.007), and a lower rate of postoperative pancreatitis (RR 0.37; 95% CI 0.18–0.78; P = 0.009) (7). However, these procedures require a high level of expertise and coordination between the surgical and endoscopic teams. Figure 2 summarizes the comparison between single-stage intraoperative ERCP combined with laparoscopic cholecystectomy and preoperative ERCP followed by laparoscopic cholecystectomy.


[image: Preoperative assessment flowchart for gallbladder stones combined with CBD stones. Two-stage approach: Preoperative ERCP plus EST for stone extraction, followed by laparoscopic cholecystectomy with a 7–14 day interval. Disadvantages: long hospital stay, risk of repeated operations. Single-stage approach: Laparoscopic exploration and exposure of gallbladder and bile duct, intraoperative ERCP for stone extraction, and concurrent laparoscopic cholecystectomy. Advantages: hospital stay shortened by two days.]
FIGURE 2
Intraoperative ERCP + laparoscopic cholecystectomy. 1) Preoperative confirmation of CBD stones via imaging (MRCP/EUS). 2) Laparoscopic exploration to expose gallbladder and bile duct anatomy. 3) Intraoperative ERCP performed to clear CBD stones via endoscopic techniques (EST + balloon/basket extraction). 4) Concurrent laparoscopic cholecystectomy to remove gallbladder stones. 5) Postoperative outcomes: Shorter hospital stays (−2.04 days vs. two-stage protocols) and lower pancreatitis risk (RR 0.37).




Artificial intelligence in stone characterization and procedural planning

Artificial intelligence (AI) has the potential to revolutionize the management of CBD stones. In stone characterization, AI can analyze imaging data to accurately identify the type, size, and location of stones, providing more detailed information for treatment planning. For example, in other medical fields, AI based algorithms have been used to analyze radiographs to predict the risk of hip dislocation following total hip arthroplasty (55). In procedural planning, AI can assist in determining the most appropriate treatment approach based on patient characteristics and stone features. It can also potentially be used to improve the training of surgeons by providing virtual reality simulations of procedures. However, the implementation of AI in CBD stones management requires further research to validate its accuracy and effectiveness. Figure 3 illustrates the process of managing chronic cholangitis stones based on artificial intelligence.


[image: Flowchart illustrating the process of patient management. It begins with hospital admission and complete imaging (US/MRCP/EUS). Module I analyzes stone characteristics with automatic recognition of size, quantity, and location. Module II involves anatomical risk assessment, identifying variations like ampullary diverticulum and bile duct stricture. Module III recommends surgical procedures by combining patient risk, stone size, and anatomical factors. This leads to clinical physician assessment decisions. Intraoperative AI assistance provides real-time image navigation, followed by postoperative AI monitoring to predict complications.]
FIGURE 3
AI-Assisted workflow for CBD stones management. 1) Preoperative Phase: AI analyzes imaging (MRCP/EUS) to characterize stones (size, location, composition) and detect anatomical variants (e.g., periampullary diverticulum). AI integrates patient data (age, comorbidities) to recommend optimal procedure (EST/LCBDE/hybrid). 2) Intraoperative Phase: AI-assisted real-time navigation (e.g., cholangioscopy image fusion) to enhance stone detection and extraction accuracy. 3) AI predicts complication risk (e.g., pancreatitis for EST, bile leak for LCBDE) to guide monitoring protocols. AI advantages: improve the accuracy of stone detection, optimize.





Discussion

EST and LCBDE are complementary. EST suits small stones or high-risk patients; LCBDE excels for large or complex stones. Selection should integrate stone characteristics, patient comorbidities, and institutional expertise. It offers the advantage of direct visualization of the biliary tree and can potentially achieve a higher rate of complete stone clearance in some cases. The choice between the two techniques should be based on a comprehensive assessment of the patient's condition, including stone characteristics, comorbidities, and the expertise of the medical team.

Personalized treatment is of utmost importance in the management of CBD STONES. Patient characteristics, such as age, comorbidities, and the presence of anatomical variations, can significantly influence the choice of treatment. For example, in patients with severe comorbidities, a less invasive approach like EST may be preferred, while in younger and healthier patients with larger stones, LCBDE may offer better long-term outcomes. Institutional expertise also plays a crucial role. Centers with experienced endoscopic teams may be more inclined to perform EST, while those with skilled laparoscopic surgeons may opt for LCBDE. By tailoring the treatment to the individual patient and the capabilities of the institution, better outcomes can be achieved.

There is a clear need for randomized trials comparing the long-term outcomes and cost-effectiveness of different treatment strategies for CBD STONES. Current evidence is often based on small - scale studies or retrospective analyses, which may have limitations in terms of bias and generalizability. Randomized trials would provide more robust data on the long-term efficacy, safety, and cost-effectiveness of EST, LCBDE, and emerging techniques. For example, a randomized trial comparing the long-term outcomes of EST and LCBDE could help determine which technique is more suitable for different patient populations in terms of recurrence rates, quality of life, and healthcare costs. Such trials would also help in establishing evidence-based guidelines for the management of CBD STONES.



Key research gaps and recommendations


Head-to-head RCTs in low-resource settings

High-quality randomized trials comparing EST and LCBDE are still lacking in low- and middle-income countries where equipment, expertise, and patient profiles differ markedly. Multi-center RCTs comparing EST and LCBDE in low-resource settings are urgently needed to close the global evidence gap.



Cost-effectiveness of hybrid procedures

Formal economic evaluations (cost-utility or cost-minimization analyses) of single-stage intraoperative ERCP vs. sequential treatment strategies are limited; no study has incorporated long-term quality-adjusted life years (QALYs). Formal cost-utility analyses should be embedded in upcoming hybrid-procedure trials to clarify the economic value of single-stage intraoperative ERCP.



AI implementation barriers

Although AI shows promise for stone characterization and procedural planning, real-world validation, data privacy, regulatory approval, and surgeon training hurdles remain largely unaddressed. Prospective implementation studies of AI-driven stone characterization tools must follow, focusing on real-world validation, clinician training, and data-security frameworks.



Long-term sphincter function after EST vs. LCBDE

Prospective cohorts with ≥10-year follow-up are needed to quantify rates of papillary stenosis, recurrent cholangitis, and pancreatitis in diverse populations. Long-term, 10-year prospective registries should be established to definitively quantify sphincter-preservation benefits and late biliary sequelae after EST vs. LCBDE.



Optimal management of anatomically complex cases

Comparative trials in patients with prior biliary surgery, altered anatomy, or concomitant intra-hepatic calculi are absent; current evidence relies on small retrospective series. Dedicated comparative trials for patients with complex or postsurgical anatomy are essential to refine patient-specific algorithms and optimize outcomes in this high-risk cohort.




Author contributions

XW: Data curation, Formal analysis, Writing – original draft. ZL: Funding acquisition, Resources, Validation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The research was supported by the Handan Municipal Science and Technology Research and Development Program (NO.223422083267).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References


	1. Donoghue S, Jones RM, Bush A, Srinivas G, Bowling K, Andrews S. Cost effectiveness of intraoperative laparoscopic ultrasound for suspected choledocholithiasis; outcomes from a specialist benign upper gastrointestinal unit. Ann R Coll Surg Engl. (2020) 102(8):598–600. doi: 10.1308/rcsann.2020.0109


	2. Chen H, Jorissen R, Walcott J, Nikfarjam M. Incidence and predictors of common bile duct stones in patients with acute cholecystitis: a systematic literature review and meta-analysis. ANZ J Surg. (2020) 90(9):1598–603. doi: 10.1111/ans.15565


	3. Zhu JG, Wu S, Feng Q, Li F, Han W, Xiu D, et al. Protocol for the CREST choles (Chinese REgistry study on treatment of cholecysto-choledocholithiasis) study: an ambispective, multicenter, observational, open-cohort study. BMJ Open. (2019) 9(11):e030293. doi: 10.1136/bmjopen-2019-030293


	4. Liao JH, Li JS, Wang TL, Liu WS. Laparoscopic cholecystectomy plus common bile duct exploration for extrahepatic bile duct stones and postoperative recurrence-associated risk factors. World J Gastrointest Surg. (2024) 16(11):3511–9. doi: 10.4240/wjgs.v16.i11.3511


	5. Akshintala VS, Kanthasamy K, Bhullar FA, Sperna Weiland CJ, Kamal A, Kochar B, et al. Incidence, severity, and mortality of post-ERCP pancreatitis: an updated systematic review and meta-analysis of 145 randomized controlled trials. Gastrointest Endosc. (2023) 98(1):1–6.e12. doi: 10.1016/j.gie.2023.03.023


	6. Alzerwi NAN. Recurrent ascending cholangitis with acute pancreatitis and pancreatic atrophy caused by a juxtapapillary duodenal diverticulum: a case report and literature review. Medicine (Baltimore). (2020) 99(27):e21111. doi: 10.1097/MD.0000000000021111


	7. Liao Y, Cai Q, Zhang X, Li F. Single-stage intraoperative ERCP combined with laparoscopic cholecystectomy versus preoperative ERCP followed by laparoscopic cholecystectomy in the management of cholecystocholedocholithiasis: a meta-analysis of randomized trials. Medicine (Baltimore). (2022) 101(10):e29002. doi: 10.1097/MD.0000000000029002


	8. Tazuma S, Kanno K, Sugiyama A, Kishikawa N. Nutritional factors (nutritional aspects) in biliary disorders: bile acid and lipid metabolism in gallstone diseases and pancreaticobiliary maljunction. J Gastroenterol Hepatol. (2013) 28(Suppl 4):103–7. doi: 10.1111/jgh.12241


	9. Ruiz Pardo J, Garcia Marin A, Ruescas Garcia FJ, Jurado Roman M, Scortechini M, Sagredo Ruperez MP, et al. Differences between residual and primary choledocholithiasis in cholecystectomy patients. Rev Esp Enferm Dig. (2020) 112(8):615–9. doi: 10.17235/reed.2020.6760/2019


	10. Xiao J, Xu P, Li B, Hong T, Liu W, He X, et al. Analysis of clinical characteristics and treatment of immunoglobulin G4-associated cholangitis: a retrospective cohort study of 39 IAC patients. Medicine (Baltimore). (2018) 97(8):e9767. doi: 10.1097/MD.0000000000009767


	11. Obaitan I, Mohamed MFH, Beran A, Rosenheck M, Obomanu ET, Berzin TM, et al. Comparative risks of post-ERCP adverse events in patients with asymptomatic and symptomatic choledocholithiasis: a systematic review and meta-analysis. Dig Dis Sci. (2024) 69(5):1880–8. doi: 10.1007/s10620-024-08374-0


	12. Dillman JR, Patel RM, Lin TK, Towbin AJ, Trout AT. Diagnostic performance of magnetic resonance cholangiopancreatography (MRCP) versus endoscopic retrograde cholangiopancreatography (ERCP) in the pediatric population: a clinical effectiveness study. Abdom Radiol (NY). (2019) 44(7):2377–83. doi: 10.1007/s00261-019-01975-8


	13. Meeralam Y, Al-Shammari K, Yaghoobi M. Diagnostic accuracy of EUS compared with MRCP in detecting choledocholithiasis: a meta-analysis of diagnostic test accuracy in head-to-head studies. Gastrointest Endosc. (2017) 86(6):986–93. doi: 10.1016/j.gie.2017.06.009


	14. Haseeb A, Siddiqui A, Taylor LJ, Cox K, Adler DG. Elevated serum bilirubin level correlates with the development of cholangiocarcinoma, subsequent liver transplantation, and death in patients with primary sclerosing cholangitis. J Clin Gastroenterol. (2016) 50(5):431–5. doi: 10.1097/MCG.0000000000000502


	15. Lammers WJ, van Buuren HR, Hirschfield GM, Janssen HL, Invernizzi P, Mason AL, et al. Levels of alkaline phosphatase and bilirubin are surrogate end points of outcomes of patients with primary biliary cirrhosis: an international follow-up study. Gastroenterology. (2014) 147(6):1338–49.e5. quiz e15. doi: 10.1053/j.gastro.2014.08.029


	16. Coelho G, Rabelo NN, Varjao E, Marie T, Brito D, Del Massa EC, et al. A hybrid simulation model for pre-operative planning of transsphenoidal encephalocele. Neurosurg Rev. (2021) 44(3):1767–74. doi: 10.1007/s10143-020-01361-9


	17. Karhof S, Haverkort M, Simmermacher R, Hietbrink F, Leenen L, van Wessem K. Underlying disease determines the risk of an open abdomen treatment, final closure, however, is determined by the surgical abdominal history. Eur J Trauma Emerg Surg. (2021) 47(1):113–20. doi: 10.1007/s00068-019-01205-2


	18. Tang J, Liu K, Xie W, Li X, Gan X, Li Y, et al. Endoscopic treatment of lumbar ligamentum flavum cyst by interlaminar approach: a minimally invasive and effective alternative to open surgery. J Orthop Surg Res. (2023) 18(1):344. doi: 10.1186/s13018-023-03824-3


	19. Sharma R, Sharma V, Singhal U, Sanaka M. Outcomes of balloon vs basket catheter for clearance of choledocholithiasis: a systematic review and meta-analysis. Endosc Int Open. (2022) 10(11):E1447–E53. doi: 10.1055/a-1905-0251


	20. Horiuchi A, Kajiyama M, Ichise Y, Tada H, Fujiwara N, Tanaka N. Biliary stenting as alternative therapy to stone clearance in elderly patients with bile duct stones. Acta Gastroenterol Belg. (2014) 77(3):297–301. PMID: 2550919925509199


	21. Testoni PA, Mariani A, Aabakken L, Arvanitakis M, Bories E, Costamagna G, et al. Papillary cannulation and sphincterotomy techniques at ERCP: european society of gastrointestinal endoscopy (ESGE) clinical guideline. Endoscopy. (2016) 48(7):657–83. doi: 10.1055/s-0042-108641


	22. Lawrence C, Romagnuolo J, Cotton PB, Payne KM, Hawes RH. Post-ERCP pancreatitis rates do not differ between needle-knife and pull-type pancreatic sphincterotomy techniques: a multiendoscopist 13-year experience. Gastrointest Endosc. (2009) 69(7):1271–5. doi: 10.1016/j.gie.2008.10.015


	23. Wang P, Zhang W, Liu F, Li ZS, Ren X, Fan ZN, et al. Success and complication rates of two precut techniques, transpancreatic sphincterotomy and needle-knife sphincterotomy for bile duct cannulation. J Gastrointest Surg. (2010) 14(4):697–704. doi: 10.1007/s11605-009-1134-x


	24. Minakari M, Samani RR, Shavakhi A, Jafari A, Alijanian N, Hajalikhani M. Endoscopic papillary balloon dilatation in comparison with endoscopic sphincterotomy for the treatment of large common bile duct stone. Adv Biomed Res. (2013) 2:46. doi: 10.4103/2277-9175.114186


	25. Stefanidis G, Viazis N, Pleskow D, Manolakopoulos S, Theocharis L, Christodoulou C, et al. Large balloon dilation vs. Mechanical lithotripsy for the management of large bile duct stones: a prospective randomized study. Am J Gastroenterol. (2011) 106(2):278–85. doi: 10.1038/ajg.2010.421


	26. Kuo CM, Chiu YC, Liang CM, Wu CK, Lu LS, Tai WC, et al. The efficacy of limited endoscopic sphincterotomy plus endoscopic papillary large balloon dilation for removal of large bile duct stones. BMC Gastroenterol. (2019) 19(1):93. doi: 10.1186/s12876-019-1017-x


	27. Wong JC, Tang RS, Teoh AY, Sung JJ, Lau JY. Efficacy and safety of novel digital single-operator peroral cholangioscopy-guided laser lithotripsy for complicated biliary stones. Endosc Int Open. (2017) 5(1):E54–8. doi: 10.1055/s-0042-118701


	28. Park JS, Kim TN, Kim KH. Endoscopic papillary large balloon dilation for treatment of large bile duct stones does not increase the risk of post-procedure pancreatitis. Dig Dis Sci. (2014) 59(12):3092–8. doi: 10.1007/s10620-014-3259-3


	29. Langerth A, Sandblom G, Karlson BM. Long-term risk for acute pancreatitis, cholangitis, and malignancy more than 15 years after endoscopic sphincterotomy: a population-based study. Endoscopy. (2015) 47(12):1132–6. doi: 10.1055/s-0034-1392482


	30. Konstantakis C, Triantos C, Theopistos V, Theocharis G, Maroulis I, Diamantopoulou G, et al. Recurrence of choledocholithiasis following endoscopic bile duct clearance: long term results and factors associated with recurrent bile duct stones. World J Gastrointest Endosc. (2017) 9(1):26–33. doi: 10.4253/wjge.v9.i1.26


	31. Barakat MT, Girotra M, Thosani N, Kothari S, Banerjee S. Escalating complexity of endoscopic retrograde cholangiopancreatography over the last decade with increasing reliance on advanced cannulation techniques. World J Gastroenterol. (2020) 26(41):6391–401. doi: 10.3748/wjg.v26.i41.6391


	32. Moller M, Gustafsson U, Rasmussen F, Persson G, Thorell A. Natural course vs interventions to clear common bile duct stones: data from the Swedish registry for gallstone surgery and endoscopic retrograde cholangiopancreatography (GallRiks). JAMA Surg. (2014) 149(10):1008–13. doi: 10.1001/jamasurg.2014.249


	33. Yu W, Yuan H, Cheng S, Xing Y, Yan W. A double gallbladder with a common bile duct stone treated by laparoscopy accompanied by choledochoscopy via the cystic duct: a case report. Exp Ther Med. (2016) 12(6):3521–6. doi: 10.3892/etm.2016.3834


	34. Kim YW, Lee SM, Choi HC, Won JH, Na JB, Cho JM, et al. Percutaneous removal of common bile duct stones using a modified balloon technique. Medicine (Baltimore). (2021) 100(14):e24486. doi: 10.1097/MD.0000000000024486


	35. Boudreaux M, Fenelon A, Slopen N, Newman SJ. Association of childhood asthma with federal rental assistance. JAMA Pediatr. (2020) 174(6):592–8. doi: 10.1001/jamapediatrics.2019.6242


	36. Zhou J, Chen Y, Yu S, Wang H, Wang Y, Chen Q. Comparison of 1-stage and 2-stage managements for common bile duct stones and gallstones (CBDS): a retrospective study. J Clin Gastroenterol. (2025) 59(3):269–75. doi: 10.1097/MCG.0000000000002009


	37. Zheng B, Lu Y, Li E, Bai Z, Zhang K, Li J. Comparison of the efficacy of LTCBDE and LCBDE for common bile duct stones: a systematic review and meta-analysis. Front Surg. (2024) 11:1412334. doi: 10.3389/fsurg.2024.1412334


	38. Lee DH, Ahn YJ, Lee HW, Chung JK, Jung IM. Prevalence and characteristics of clinically significant retained common bile duct stones after laparoscopic cholecystectomy for symptomatic cholelithiasis. Ann Surg Treat Res. (2016) 91(5):239–46. doi: 10.4174/astr.2016.91.5.239


	39. Ishii S, Isayama H, Ushio M, Takahashi S, Yamagata W, Takasaki Y, et al. Best procedure for the management of common bile duct stones via the Papilla. Literature review and analysis of procedural efficacy and safety. J Clin Med. (2020) 9(12):3808. doi: 10.3390/jcm9123808


	40. Harima H, Hamabe K, Hisano F, Matsuzaki Y, Itoh T, Sanuki K, et al. Treatment using the SpyGlass digital system in a patient with hepatolithiasis after a Whipple procedure. Clin Endosc. (2018) 51(6):596–9. doi: 10.5946/ce.2018.057


	41. Pu W, Ma C, Wang B, Wang Y, Wang H, Xu B, et al. Electrohydraulic lithotripsy through endoscopic retrograde cholangiopancreatography combined with SpyGlass in the treatment of complex pancreatic duct stones: a case report and literature review. Front Surg. (2023) 10:1059595. doi: 10.3389/fsurg.2023.1059595


	42. Liu TC, Peng CL, Wang HP, Huang HH, Chang WK. Spyglass application for duodenoscope working channel inspection: impact on the microbiological surveillance. World J Gastroenterol. (2020) 26(26):3767–79. doi: 10.3748/wjg.v26.i26.3767


	43. Sekine K, Yasuda I, Doi S, Kuniyoshi N, Tsujikawa T, Takano Y, et al. Peroral cholangioscopy-guided targeted biopsy versus conventional endoscopic transpapillary forceps biopsy for biliary stricture with suspected bile duct cancer. J Clin Med. (2022) 11(2):289. doi: 10.3390/jcm11020289


	44. Yartsev PA, Teterin YS, Mironova KA, Askerov AC. Oral cholangioscopy for biliary system diseases. Khirurgiia (Mosk). (2022) (10):28–34. Russian. doi: 10.17116/hirurgia202210128


	45. Manzoor Ul Haque M, Hassan Luck N, Ali Tasneem A, Mudassir Laeeq S, Mandhwani R, Hanif FM, et al. Safety and efficacy of extracorporeal shock wave lithotripsy for difficult-to-retrieve common bile duct stones: a ten-year experience. J Transl Int Med. (2020) 8(3):159–64. doi: 10.2478/jtim-2020-0025


	46. Sackmann M, Holl J, Sauter GH, Pauletzki J, von Ritter C, Paumgartner G. Extracorporeal shock wave lithotripsy for clearance of bile duct stones resistant to endoscopic extraction. Gastrointest Endosc. (2001) 53(1):27–32. doi: 10.1067/mge.2001.111042


	47. Lenze F, Heinzow HS, Herrmann E, Berssenbrugge C, Rothenbacher H, Ullerich H, et al. Clearance of refractory bile duct stones with extracorporeal shockwave lithotripsy: higher failure rate in obese patients. Scand J Gastroenterol. (2014) 49(2):209–14. doi: 10.3109/00365521.2013.858767


	48. Muratori R, Mandolesi D, Pierantoni C, Festi D, Colecchia A, Mazzella G, et al. Ductal stones recurrence after extracorporeal shock wave lithotripsy for difficult common bile duct stones: predictive factors. Dig Liver Dis. (2017) 49(10):1128–32. doi: 10.1016/j.dld.2017.05.010


	49. Cecinato P, Fuccio L, Azzaroli F, Lisotti A, Correale L, Hassan C, et al. Extracorporeal shock wave lithotripsy for difficult common bile duct stones: a comparison between 2 different lithotripters in a large cohort of patients. Gastrointest Endosc. (2015) 81(2):402–9. doi: 10.1016/j.gie.2014.04.059


	50. El-Faqih SR, Al-Mofleh IA, Al-Rashed RS, Atassi R, Al-Amri SM, Hassan S, et al. Extracorporeal shock wave lithotripsy for the rescue of post-endoscopic or surgically retained biliary duct stones: does saline irrigation affect the outcome? Saudi J Gastroenterol. (1998) 4(3):167–71. PMID: 1986476719864767


	51. Veld JV, van Huijgevoort NCM, Boermeester MA, Besselink MG, van Delden OM, Fockens P, et al. A systematic review of advanced endoscopy-assisted lithotripsy for retained biliary tract stones: laser, electrohydraulic or extracorporeal shock wave. Endoscopy. (2018) 50(9):896–909. doi: 10.1055/a-0637-8806


	52. Yamamoto R, Tazuma S, Kanno K, Igarashi Y, Inui K, Ohara H, et al. Ursodeoxycholic acid after bile duct stone removal and risk factors for recurrence: a randomized trial. J Hepatobiliary Pancreat Sci. (2016) 23(2):132–6. doi: 10.1002/jhbp.316


	53. Cho JM, Jeong IS, Kim HJ, Oh SH, Kim KM. Early adverse events and long-term outcomes of endoscopic sphincterotomy in a pediatric population: a single-center experience. Endoscopy. (2017) 49(5):438–46. doi: 10.1055/s-0043-103956


	54. Gerretsen ECF, Groenier M, Annema JT, van der Heijden E, van Mook W, Aldenkamp AF, et al. Basic bronchoscopy competence achieved by a nationwide one-day simulation-based training. J Bronchology Interv Pulmonol. (2025) 32(1):e0995. doi: 10.1097/LBR.0000000000000995


	55. Rouzrokh P, Ramazanian T, Wyles CC, Philbrick KA, Cai JC, Taunton MJ, et al. Deep learning artificial intelligence model for assessment of hip dislocation risk following primary total hip arthroplasty from postoperative radiographs. J Arthroplasty. (2021) 36(6):2197–203.e3. doi: 10.1016/j.arth.2021.02.028






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Management of common bile duct stones: a comprehensive review

		Introduction



		Overview of common bile duct stones



		Etiology and classification



		Clinical presentation



		Diagnostic modalities



		Biochemical markers











		Approaches to CBD STONES management



		Traditional approaches to common bile duct stones management



		Open surgical exploration



		Endoscopic retrograde cholangiopancreatography (ERCP)











		Endoscopic sphincterotomy (EST) & laparoscopic common bile duct exploration (LCBDE)



		Endoscopic sphincterotomy (EST)



		Laparoscopic common bile duct exploration (LCBDE)



		Comparative analysis: EST vs. LCBDE



















		Emerging techniques and adjunctive therapies



		Spyglass cholangioscopy: direct visualization and laser lithotripsy



		Extracorporeal shock wave lithotripsy (ESWL): role in large or impacted stones



		Medical dissolution therapy: ursodeoxycholic acid (UDCA) for specific stone types











		Challenges and future directions



		Unresolved issues: long-term outcomes of EST related sphincterotomy



		Standardization of LCBDE training and accessibility



		Innovations: hybrid approaches



		Artificial intelligence in stone characterization and procedural planning











		Discussion



		Key research gaps and recommendations



		Head-to-head RCTs in low-resource settings



		Cost-effectiveness of hybrid procedures



		AI implementation barriers



		Long-term sphincter function after EST vs. LCBDE



		Optimal management of anatomically complex cases











		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References




















OPS/images/cover.jpg
, frontiers | Frontiers in Surgery

Management of common bile duct stones: a
comprehensive review






OPS/images/fsurg-12-1658784-g003.jpg
Patient admitted to hospital, 1

(US/MRCP/EUS)

Module I:

Analysis of stone characteristics

A r size, q location, etc.

Module II:

Anatomical risk assessment

Identification of variations: y diver

!

bile

Module IIT:

Surgical procedure recommendation

duct stricture, etc.

Combining patient risk, stone size, and anatomical factors

Clinical physician assessment decision

Intraoperative Al assistance:

real-time image navigation

Postoperative AI monitoring:

predicting the risk of complications








OPS/images/fsurg-12-1658784-g001.jpg
( High-risk patients with CDB stones j
(age >80/ASA >1II/. ol TR

Stone characteristics

< 10 mm or simple stones’

Anatomical suitability
‘The diameter of the cystic duct is > with no tortuosity.

Cholecystectom

YSE
Combined
Adjuvant Therapy
(SpyGlass, ESWL)
N v
m -
EST EST LCBDE
Phase I: Reducing recurrence and hospitalization

i itori i itoring: bile
ancreatitis, bleeding, etc. leakage, retained stones, etc.





OPS/images/fsurg-12-1658784-g002.jpg
Preoperative assessment

(Gallbladder stones combined with CBD stones)

Two-stage

Preoperative ERCP + EST for

Stone Extraction

Laparoscopic Cholecystectomy

(Interval: 7 - 14 days)

Disadvantages: Long hospital stay,

risk of repeated operations

}

Single-stage

Laparoscopic Exploration, EXposs

Gallbladder and Bile Duct

)

Intraoperative ERCP for

Endoscopic Stone Extraction

Concurrent Laparoscopic

Cholecystectomy

oo AN S

N

Advantages: Hospital stay
shortened by 2 days,






OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





