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Abstract
[bookmark: OLE_LINK5202][bookmark: OLE_LINK5203][bookmark: OLE_LINK5242]Common bile duct stones are among the most common conditions encountered by endoscopists. Therefore, it is well researched; however, some items, such as indications for endoscopic papillary balloon dilatation (EPBD), safety of EPBD and endoscopic sphincterotomy in patients receiving dual antiplatelet therapy or direct oral anticoagulant, selection strategy for retrieval balloons and baskets, lack adequate evidence. Therefore, the guidelines have been updated with new research, while others remain unchanged due to weak evidence. In this review, we comprehensively summarize the standard methods in guidelines and new findings from recent studies on papillary dilation, stone retrieval devices, difficult-to-treat cases, troubleshooting during the procedure, and complicated cases of cholangitis, cholecystolithiasis, or distal biliary stricture.

[bookmark: OLE_LINK5460][bookmark: OLE_LINK5461]Key Words: Choledocholithotomy; Choledocholithiasis; Common bile duct stones; Endoscopic papillary balloon dilation; Endoscopic sphincterotomy; Small common bile duct stones

[bookmark: OLE_LINK5462][bookmark: OLE_LINK5463]Masuda S, Koizumi K, Shionoya K, Jinushi R, Makazu M, Nishino T, Kimura K, Sumida C, Kubota J, Ichita C, Sasaki A, Kobayashi M, Kako M, Haruki U. Comprehensive review on small common bile duct stones. World J Gastroenterol 2023; In press

[bookmark: OLE_LINK5464][bookmark: OLE_LINK5465]Core Tip: In this review, we comprehensively summarized the standard methods for patients with small common bile duct stones in guidelines and new findings from recent studies on papillary dilation, stone retrieval devices, difficult-to-treat cases, troubleshooting during the procedure, and complicated cases of cholangitis, cholecystolithiasis, or distal biliary stricture.

INTRODUCTION
[bookmark: OLE_LINK5204][bookmark: OLE_LINK5205][bookmark: OLE_LINK5206][bookmark: OLE_LINK5207][bookmark: OLE_LINK5208][bookmark: OLE_LINK5209][bookmark: OLE_LINK5210][bookmark: OLE_LINK5211]Cholangitis is the second or third most common cause of community-acquired bacteremia, with common bile duct (CBD) stones being the most common[1,2]. Recurrence of CBD stones is common, with 111 (11.3%) of 983 patients who underwent endoscopic sphincterotomy (EST) recurred during a median follow-up of 7.5 years, and the cumulative recurrence rates at 5, 10, 15, and 20 years were 8.5%, 12.5%, 19.1%, and 24.2%, respectively[3]. It is frequently encountered by endoscopists, and it is important to improve short-term outcomes and prevent the long-term recurrence of cholelithiasis. This review focuses on small CBD stones. Although the international definition of small CBD stones has not been established, we have followed the standard of approximately 10 mm in some studies[4,5]. We described papillary dilation, stone extraction, difficult cases, troubleshooting during stone extraction in small CBD stones, and complicated cases of cholangitis, cholecystolithiasis, or distal biliary stricture and summarized the European, American, and Japanese guidelines. Moreover, this review addressed the novel literatures on endoscopic papillary balloon dilatation (EPBD) dilation times to prevent post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis (PEP)[6], the duration of direct oral anticoagulants (DOAC) and dual antiplatelet therapy (DAPT) withdrawal to safely perform EST[7,8], EST with balloon dilation (ESBD), and the comparison of the effects of retrieval balloon and basket catheters for small CBD stone extraction[9,10].

COMPARISON OF EPBD AND EST
Papillary dilation is divided into EST and EPBD, and a nationwide administrative database of 61000 hospitalized patients with CBD stones throughout Japan reported that EST was performed in 89% of patients and EPBD in 11%[11]. Knowledge of the success rate of CBD stone removal and the incidence of short- and long-term complications is important when deciding between EST and EPBD.

Success rates of CBD stones clearance
A meta-analysis reported that EPBD has a lower incidence of total clearance of CBD stones and more frequent lithotripsy basket use than EST[12]. However, 11 of 14 references in this study included cases of CBD stones larger than 10 mm. Conversely, there were no significant differences in total clearance of CBD stones in another meta-analysis by Liu et al[13].
Yu et al[6] reported that both EST and EPBD have obvious effects in the treatment of bile duct stones with minor diameters (< 10 mm) and small numbers (< 3). The EPBD balloons used in that study were mostly 8 and 10 mm in diameter, especially those with 8 mm in diameter. Because a typical papillary dilation balloon is 8 mm in diameter, the indication for EPBD may be CBD stones up to 10 mm in diameter, considering the flexibility of the papillae. However, even for CBD stones > 10 mm, EPBD combined with endoscopic mechanical lithotripsy may have a success rate of stone retrieval comparable to that of EST[13]. Therefore, EPBD may be useful in cases of coagulopathy in which CBD stones are larger than 10 mm.
[bookmark: OLE_LINK5212][bookmark: OLE_LINK5213][bookmark: OLE_LINK5214][bookmark: OLE_LINK5215]There is lack of evidence for the possibility of very small stone extraction without EST or EPBD. It has been reported that if ESWL results in stone fragment size of 3 mm or less, there is a likelihood that the stone will be spontaneously discharged without EST. Therefore, it is possible that stone extraction can be performed without EST or EPBD if the size is less than approximately 3 mm[14], however, there are no studies that have directly examined this issue. Therefore, in principle, EST and EPBD are recommended for stone extraction of CBD stones, as recommended by the European Society of Gastrointestinal Endoscopy (ESGE) and Japan Gastroenterological Endoscopy Society (JGES) guidelines; however, it is at the endoscopist's discretion whether to perform stone extraction without these procedures for very small stones[15,16].

Incidence of short-term complications
In cases of EPBD compared to EST, post-ERCP pancreatitis increased, bleeding decreased, and there was no significant difference in perforation or post-ERCP cholangitis. PEP and hemorrhage are likely to occur especially in approximately 10% and less than 0.1% of patients in the EPBD group, respectively; and in approximately 3% and 3% of patients in the EST group, respectively[12]. The total data in the meta-analysis has variation in the patient’s background; however, it is consistent with that of a previous report[17].

PEP: PEP may be a short-term complication when selecting EST/EPBD. ESGE describes the following risk factors for PEP:
Patient-related definite risk factors include suspected sphincter of Oddi dysfunction, female sex, previous pancreatitis, and previous PEP. Procedure-related definite risk factors, such as difficult cannulation, pancreatic guidewire passage > 1, and pancreatic injection. Patient-related risk factors include younger age, non-dilated extrahepatic bile duct, normal serum bilirubin, absence of chronic pancreatitis, and end-stage renal disease. Procedure-related risk factors include precut sphincterotomy, pancreatic sphincterotomy, failure to clear bile duct stones, intraductal ultrasound, and biliary balloon sphincter dilation[18]. ESGE especially recommends prophylactic pancreatic stenting in selected patients at high risk for PEP (inadvertent guidewire insertion/opacification of the pancreatic duct and double-guidewire cannulation). 
In a multicenter randomized control study, 117 patients with bile duct stones were treated with EPBD; after treatment, the incidence of pancreatitis among those patients reached 15.4%, and two patients died from post-treatment complications[19]. Incomplete dilation of the papilla, intramucosal bleeding, and local edema were considered the main causes of PEP due to EPBD. Conversely, several reports of randomized control trials or network meta-analyses suggested that there is no direct consequence between PEP risk and EPBD[20,21], and PEP usually occurs in the mild or moderate stage[12]. Recently, a network meta-analysis reported that 2 to 5 min of EPBD could decrease the incidence of PEP compared to short-term (< 2 min) EPBD. In addition, it was also reported to reduce PEP without increasing the occurrence of other early complications by extending the duration of balloon dilatation[6]. However, the underlying mechanism for this result remains unclear. A possible reason could be that the dilatation with a small diameter balloon or short duration could result in inadequate papilla expansion; thus, the common discharge channel for bile and pancreatic juice tended to be narrow after the operation[6]. That study did not examine EPBD longer than 5 min; however, another study found that 5-min EPBD increases PEP compared to EPBD of 0.5-3 min[22]. Although this is a study of EPBD combined with small-incision EST, it may be advisable to avoid EPBD for more than 5 min[22]. Therefore, we use a 2-3 min EPBD.
In recent years, diclofenac or diclofenac and sublingual nitrates have been reported to be useful for the prevention of PEP[23,24]. ESGE also recommends routine rectal administration of 100 mg of diclofenac or indomethacin immediately before ERCP in all patients without contraindications to nonsteroidal anti-inflammatory drug administration[18]. These methods were not available in 2004 when EPBD was abandoned by many endoscopists, especially in America, and combining such methods may reduce the incidence of PEP due to EPBD. Furthermore, EPBD may be even safer in Asians, as some race-based studies have shown no increase in PEP in Asian populations[12].

Bleeding: ESGE guidelines suggest that patients should be considered at increased risk of post-EST bleeding if at least one of the following factors is present: anticoagulant intake, platelet count < 50000/mm3, cirrhosis, dialysis of end-stage renal disease, intraprocedural bleeding, and low endoscopist experience[18]. 
[bookmark: OLE_LINK5216][bookmark: OLE_LINK5217]ESGE, JGES, and the American Society of Gastrointestinal Endoscopy (ASGE) guidelines treat antiplatelet medications almost similarly for EST/EPBD. DAPT is permitted in EPBD without drug withdrawal, whereas EST requires DAPT withdrawal. Withdrawal regimens are similar across guidelines, with thienopyridine requiring 5-7 day withdrawal and continuation of aspirin or cilostazol monotherapy[18,25,26]. However, each guideline treats anticoagulants in a slightly complex and different manner. Although it is necessary to evaluate the risk of embolism and procedural bleeding when antithrombotic agents are stopped in EPBD, warfarin can be continued if the PT-INR is within the therapeutic range. In EST, treatment with warfarin can be continued, whereas the PT-INR is within the therapeutic range in Japan and America. However, in Europe and America, it is recommended to discontinue warfarin 5 d before EST and replace it with heparin 2 d before EST, especially in patients at high risk of embolism in aortic or mitral valve replacement, atrial fibrillation, or any thromboembolic risk. Once hemostasis is confirmed, antithrombotic agents must be restarted postoperatively in America, the next day in Japan, and within 2 d in Europe. Warfarin should be resumed after the procedure, and heparin should be used in combination until the PT-INR returns to the therapeutic range[18,25,26]. However, it is difficult to summarize each country's guidelines accurately and concisely; therefore, please refer to each country's guidelines for details. In addition, in DAPT and DOAC, there is a paucity of evidence regarding the ability of guideline-guided withdrawal periods to prevent bleeding[7,8,25,27].
[bookmark: OLE_LINK5218][bookmark: OLE_LINK5219]With regards to hemorrhage, Mirjalili and Stringer[28] identified 98 arteries near the major papilla and reported blood vessel distribution on endoscopy. According to their report, blood vessel distribution in the 10 to 11 o'clock region was low at 10%-11%; thus, cutting in this region has a low risk of hemorrhage. The ESGE and Japanese EST guidelines have cited this article[16,18]. No trials have compared hemorrhage and perforation according to cutting direction; however, adding to the reports that bile ducts tend to run in the 11 to 12 o'clock direction in the papillary region, cutting in the 11 to 12 o'clock direction is considered safe, and thus recommended by Japanese EST guidelines[16].

Others: The superior sphincter extends to the bile duct on the lateral wall of the duodenum, and cutting beyond this area increases the risk of perforation. In relation to the papilla, it is believed that the superior margin of the papillary bulge coincides with the middle sphincter, which is considered the upper cutting limit (Figure 1). However, anatomical examinations may not necessarily be consistent with actual living bodies, and depending on the cutting direction, perforation can occur even if the superior margin of the papillary bulge is not reached; thus, due care should be exercised[16]. Moreover, there is no evidence comparing incision size to the incidence of procedural adverse events or therapeutic outcomes following EST[16]. 
The incidence of short-term cholecystitis after ERCP could be caused by resistance to initial antibiotics on admission[29], and the incidence of long-term cholecystitis and the recurrence of stones in CBD could be decreased by EPBD compared to EST[6,12]. EST causes significant damages to the Oddi sphincter, and post-EST sphincter dysfunction easily occurs[30]. Then, the reflux of intestinal contents such as digestive juices, food residue, and bacteria may increase the risk of biliary tract infection and stone recurrence[31,32].
To summarize the characteristics of EST and EPBD (Table 1), EST is superior in terms of PEP reduction and bile duct large stone retrieval, while EPBD is superior in terms of bleeding reduction, long-term cholecystitis, and bile duct stone recurrence. Based on these findings, we consider EPBD in cases of small bile duct stones, bleeding tendency, young age, and even in surgically altered anatomy in which EST is difficult.

ESBD: Ding et al[4] defined a tunnel from the distal bile duct to the papillary orifice as an extraction tunnel (SET). Based on the anatomical structure, the tunnel was divided into two segments, with the distal bile duct and the intradural portion of the sphincter of Oddi comprising the proximal segment, including the proximal ring, and the intraduodenal portion of the distal segment of the papillae, including the distal ring around the orifice. Conventional EST cuts the distal segment almost completely from the orifice to near the duodenal wall, EPBD extends the entire SET, and EST + EPBD (ESBD) shortens the SET by cutting the distal ring and extends the proximal ring. Therefore, this combination technique is suitable for accessing the wide opening of the SET from an anatomical perspective[4]. In this study, ESBD was reported to reduce the number of treatments for complete stone removal, procedure time, use of mechanical lithotripters, and bleeding rate, and the incidence of PEP was reported to be comparable to that of EST. It has been reported that a small incision did not increase the risk of bleeding compared with non-EST, which might be attributed to a lower chance of injury to the major vessel in the papillary roof[20]. ESBD limits EST to small incisions, which may be the reason for reduced bleeding after ERCP. In a network meta-analysis, ESBD tended to be superior to EST in terms of successful stone removal in the first endoscopic session, the need for mechanical lithotripsy, and the risk of bleeding or perforation. However, none of these variables showed statistical significance[20]. Thus, ESBD may be superior to EST in overall efficacy and short- and long-term complications, and ESBD may be recommended over EST in the future; however, there is insufficient evidence to recommend ESBD over EST. Therefore, to justify updating the current guidelines, researchers will require more evidence that ESBD is superior to EST in terms of overall efficacy[20] and that ESBD may reduce the long-term recurrence rate of bile duct stones[33]. At this time, it is up to each endoscopist to decide whether to perform ESBD or EST.

COMPARISON BETWEEN BALLOON AND BASKET CATHETER
[bookmark: OLE_LINK5220][bookmark: OLE_LINK5221]A recent meta-analysis found that balloon catheters for cholelithiasis were superior to basket catheters for complete stone removal[9]. However, there are some limitations in the studies included in this meta-analysis. Three of the four studies included in the review were on small stones (≤ 10-11 mm), and three of these articles used a four-wire retrieval basket catheter. Four-wire retrieval basket catheters are less suited to retrieve small stones than an eight-wire retrieval basket catheters and retrieval balloon catheters. Therefore, we cannot conclude that the basket catheter is inferior to a balloon catheter in the case of small CBD stones[5,34-36]. One meta-analysis study only included these three studies, but its conclusions were similar to those of a previous meta-analysis[10]. Ozawa et al[5] reported that small stones (maximum diameter, 6 mm) are an independent risk factor for failed stone removal; in their study, the basket failed to grasp a small stone in eight cases, and in four of which, the stones were successfully removed after an exchange with a balloon catheter. Therefore, they suggested that a retrieval balloon catheter may be more appropriate than a basket catheter for removing small stones[5]. However, Ozawa et al[5] also used a four-wire basket.
Once a stone is captured in a basket, reliable extraction is usually ensured. More reliable traction associated with the basket catheter is cited as the main reason for its preferential use in Japan and Europe[5,9]. In the study by Ozawa et al[5], the balloon slipped past the stones and could not provide a sufficient traction force for stone extraction within 10 min in four patients in the balloon group, and the stones were successfully captured and withdrawn after exchange to the basket in all cases. However, a basket with a captured stone may occasionally become impacted at the papilla during extraction if the sphincterotomy is insufficient or if the stone is larger than estimated. According to the ESGE guidelines, the difference between balloon and basket catheters is slightly minimal, so endoscopists can use any of the two; meanwhile, according to the ASGE guidelines, the balloon catheter is highly recommended for safety issues related to basket impaction[18,37].

REMOVAL OF DIFFICULT SMALL BILE DUCT STONES
There are two main operations when retrieving CBD stones with a retrieval balloon or basket. First, the catheter was pulled with the right hand. The other is to apply right rotation and push on the endoscope and use the down angle with dial control, if necessary. The difference between the two is the direction of the force on the retrieval balloon or the basket. In the former, the retrieval balloon or basket faces the forceps hole at the endoscope tip, whereas, in the latter, they face the tip of the endoscope that is pushed in (Figure 2). The important basic rule is that the direction of the force applied to the catheter should coincide with the long axis of the bile duct, and one can choose the easier of the two methods to accomplish this.
However, in cases with pockets in the lower part of the bile duct, stone extraction is difficult. Once a stone is impacted at the corner pocket, the balloon passes alongside the stone without removing it, and stone removal is often difficult, even after repeated attempts. Such cases can be handled by pushing the stone up to the middle of the bile duct and then grabbing it with a basket or by using a basket shaped to extract the stone out of the pocket, such as a disposable NT retrieval basket (VorticCatch V: Olympus Medical Systems, Japan) (Figure 3).
[bookmark: OLE_LINK5222][bookmark: OLE_LINK5223][bookmark: OLE_LINK5224][bookmark: OLE_LINK5225]Furthermore, stones near the bifurcation of the gallbladder duct are difficult to grasp using a retrieval balloon or basket (Figure 4). Surgery is considered in these cases; however, they can be addressed with cholangioscopy, such as when in conjunction with electronic hydraulic lithotripsy (EHL)[15]. When it is difficult to grasp a CBD stone, a basket that directly grasps the stone under cholangioscopy is available[38].
Enteroscopy-assisted ERCP (eERCP) is often difficult in cases of surgically altered anatomy (SAA). In cases of SAA, endoscopic ultrasound-guided transmural drainage (EUS-TD) or percutaneous transhepatic biliary drainage (PTBD) may be effective alternatives (Figure 5)[39]. 
In a multicenter retrospective cohort study involving 98 patients (49 EUS-TD and 49 eERCP groups), technical success was achieved in 98 % of patients in the EUS-TD group compared to 65.3 % of patients in the eERCP group (OR 12.48, P  =  0.001). EUS-TD had a significantly shorter procedural time (55  vs 95  min, P  <  0.001). However, more complications of mild/moderate severity occurred in the EUS-TD group (20% vs 4 %, P = 0.01). The length of stay was significantly longer in the EUS-TD group (6.6   vs 2.4  d, P  <  0.001)[40]. PTBD is also a useful alternative, with a reported success rate of approximately 97%, but this method of stone removal may cause problems, such as drainage tube trouble or an increased number of sessions[41].

TROUBLESHOOTING DURING STONE REMOVAL
A serious drawback of basket catheters is that during stone extraction, the basket with the captured stone is impacted in the lower bile duct or papilla. When basket impaction occurs, the basket must first be opened and pushed upwards into the hepatic hilum. An attempt was made to curl the basket wires back and disengage the stone (Figure 6). If this technique fails, more complicated techniques, such as mechanical lithotripsy and intra-extracorporeal lithotripsy, are required[5]. To use a lithotripter, such as BML-110A-1 (Olympus Medical Systems, Tokyo) (Figure 7), which can be retrofitted to a basket catheter, the basket catheter is cut outside the body, the endoscope is removed from the body, and the wires of the basket catheter from the mouth are wrapped around the lithotripter. However, if the basket cannot be unmated even with a lithotripter, a cholangioscope can be helpful. The basket and grasped stone were visualized under the cholangioscope and crushed by an EHL or YAG laser (Figure 8).

SPECIFIC SITUATION
CBD stones complicated with cholangitis
The Tokyo Guidelines 2018 (TG18) and ASGE suggest that bile duct stone removal following EST in a single session may be considered in patients with mild or moderate acute cholangitis[42,43]. However, given that hemodynamically unstable or coagulopathy patients might not tolerate procedural bleeding or adverse events, decompression alone should be considered in this group[42,43]. PEP does not increase even in cases of complicated cholangitis[43]. TG18 suggested that endoscopic nasobiliary drainage (ENBD) or endoscopic biliary stenting (EBS) may be considered for biliary drainage according to the patient's background and preference. It should be borne in mind that if patients experience discomfort from transnasal tube placement, they are likely to remove the tube themselves, particularly in elderly patients. EBS is an internal drainage technique that does not cause discomfort or loss of electrolytes or fluids. In contrast, ENBD is an external drainage technique that allows monitoring or washing of bile via the transnasal tube, particularly if the bile is purulent[42]. The ESGE did not provide any recommendations for these[15]. We present a table summarizing each guideline, focusing on key points (Table 2).

CBD stones complicated with cholecystolithiasis
In the general population, CBD stones complicated with cholecystolithiasis commonly occurs. The established gold standard for the treatment of symptomatic cholecystolithiasis is laparoscopic cholecystectomy (LC), but the treatment option for CBD stones is yet to be clarified. CBD stones complicated with cholecystolithiasis can be treated with two-session minimally invasive and one-session feasible strategies. The former requires pre- or post-LC ERCP, whereas the latter requires LC plus intraoperative laparoscopic CBD exploration (LCBDE) or LC with intraoperative ERCP[44]. As per efficacy, morbidity, or mortality endoscopic and surgical techniques for extracting these stones are equally suitable[45]. However, one-session procedures usually result in a shorter hospital stay[15]. Moreover, a recent meta-analysis has demonstrated that the one-session procedure has a higher success rate than the two-session procedure[46].
For one-session procedures, many surgeons prefer the less invasive and less complicated transcystectomy approach, however, bile duct incision is recommended for dilated CBD, large diameter and multiple stones, impacted stones, and stones with intrahepatic localization[47,48]. It is recommended to start with transcystectomy and move unto exploration by bile duct incision if difficult[44,49]. Laparoscopic stone removal can be performed fluoroscopically or cholangioscopically. The use of a flexible cholangioscope is the most preferred method because of its accuracy and direct visual control. However, one-session procedure requires advanced laparoscopic techniques, a long learning curve, and specialized equipment, and these qualities may not exist in all treatment facilities[50-52]. ESGE recommends that transcystic or transductal exploration of the CBD is a safe and effective technique for removal of CBD stones in patients undergoing laparoscopic cholecystectomy, provided that local expertise and resources are adequate[15]. It is of note that results of surgical treatment of CBD stones, which are generally excellent in published reports, are usually from laparoscopic centers of excellence, however, there are hardly reports by less experienced surgeons. Therefore, the ESGE does not clearly state whether one-session or two-session procedure should be preferred.
[bookmark: OLE_LINK5226][bookmark: OLE_LINK5227]There are no recent reports on laparoscopic surgery for small CBD stones, however, Huang et al[53], in their report on laparoscopic surgery for small CBD with CBD stones, indicated that it is safe and feasible for small CBD patients to perform LCBDE.

CBS stones complicated with distal biliary stricture
[bookmark: OLE_LINK5228][bookmark: OLE_LINK5229]Few reports have been published on CBD stones extraction with distal biliary stricture[54,55], however, plastic stent(s)[56,57], covered self-expandable metallic stent(s) (cSEMS)[56-58], balloon dilation[59], and surgery[60] have been used for dilating bile duct stenosis. However, balloon dilation carries the risk of bile duct injury. Therefore, when endoscopic stone extraction is performed for CBD stones with benign biliary stricture, it may be advisable to use multiple plastic stents or cSEMS for several months and perform endoscopic stone extraction after bile duct dilation is achieved[61]. Combining them with mechanical lithotripsy may also be useful[54]. Ogura et al[55] reported that transluminal stone extraction passing through the EUS-TD route, without passing through the distal bile duct might be useful. Reports of CBD stones with malignant biliary stricture are even more scarce, however, the safety of 6-8 mm balloon dilation for malignant biliary stricture has been reported[62]. In malignant biliary stricture with limited prognosis, stenting alone may be sufficient and stone extraction may not be necessary, however, balloon dilation for stone extraction may be considered in cases of short-term stent obstruction.

CONCLUSION
While EST is the standard treatment for papillary dilatation, EPBD is also a viable option for younger patients who wish to reduce the risk of long-term recurrence and patients with coagulopathy. EPBD is considered to have a lower risk of bleeding and perforation than EST. Several methods have been recently proposed to reduce PEP, the greatest weakness of EPBD. We would also like to focus on ESBD, which should be the subject of future research.
For small stones in the CBD, it is not necessary to strictly distinguish between the retrieval balloon and the basket; however, if one device cannot remove the stone, it is recommended to use the other. In cases of pockets in the lower bile duct, Voltic catch V is also useful. It is also important to gain experience in the use of EUS-TD, lithotripter, and cholangioscopy to deal with troubleshooting such as stones stuck in the basket and difficult cases of stone retrieval.
In cases of complicated cholangitis, stone retrieval can be performed in mild or moderate cases in a single session. In severe cases, decompression alone should be considered, and EBS is generally recommended. Cases of CBD stones complicated with cholecystolithiasis that are scheduled for one-session surgical treatment or CBD stones complicated with distal biliary stricture should be treated in facilities with adequate experience and equipment.
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Figure 1 The oral protrusion. Endoscopic sphincterotomy incision size. The risk of perforation increases when the incision exceeds the superior margin of oral protrusion.
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Figure 2 Basket/balloon catheter operations. A: Direction of force on the retrieval balloon or basket when pulling the catheter with the right hand; B: Direction of the force on the retrieval balloon or basket when applying right rotation and pushing the endoscope.
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Figure 3 Stone in the lower common bile duct pocket. Red arrows indicate a stone in the lower common bile duct pocket. A: A case with stone in the lower common bile duct pocket; B: Disposable NT retrieval basket (VorticCatch V: Olympus Medical Systems, Japan).
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Figure 4 Stone stuck in the bifurcation of the gallbladder duct. Red arrows indicate a stone stuck in the bifurcation of the gallbladder duct. A: The stone got stuck in the bifurcation of the gallbladder duct, as seen by endoscopic retrograde cholangiopancreatography. The guidewire could not be inserted into the gallbladder duct because of the obstruction by a stone; B: A stone stuck in the bifurcation of the gallbladder duct as observed by cholangioscopy.
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Figure 5 Case of total gastrectomy with RY reconstruction. Enteroscopy-assisted endoscopic retrograde cholangiopancreatography was unsuccessful; therefore, an endoscopic ultrasound-guided hepaticogastrostomy was performed. The red arrow indicates bile duct stones.
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Figure 6 Release of grasped stones. A: Push the basket catheter up into the hepatic hilum; B: Push further to invert the grasped stone; C: Push and deflect the basket wire; D: Close the basket while pushing the catheter.

[image: 图片包含 桌子, 蓝色, 水槽, 躺

描述已自动生成]
Figure 7 BML-110A-1 (Olympus Medical Systems, Tokyo).
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Figure 8 The case in which the basket could not be unmated even with the lithotripter. The basket and grasped stone were visualized under cholangioscopy and crushed using electronic hydraulic lithotripsy (EHL). The red arrows indicate common bile duct (CBD) stones, white arrow basket catheter, and orange arrow EHL probe. A: CBD stone; B: CBD stone grasped by basket; C: CBD stone grasped by basket as seen by cholangioscopy; D: CBD stone crushed with EHL.

[bookmark: _Hlk120764066]Table 1 Short- and long-term complications of endoscopic papillary balloon dilatation/endoscopic sphincterotomy
	
	Short-term complications
	Long-term complications

	
	Bleeding
	PEP
	Perforation
	Cholecystitis
	Recurrence of stones in CBD

	Incidence
	
	
	
	
	

	EST
	3%
	3%
	Rare
	EST > EPBD
	EST > EPBD

	EPBD
	Less than 0.1%
	10%
	Very rare
	
	

	Prophylactic methods
	Cessation of anticoagulant and antiplatelet agents referred to each country's guidelines; EST with cutting at approximately 11 o'clock direction
	Diclofenac; Pancreatic stenting in selected patients at high risk for PEP; 2-3 min EPBD in patients with EPBD
	There is no evidence comparing incision size, the incidence of procedural adverse events, and therapeutic outcomes following EST
	We consider EPBD in cases of small bile duct stones, bleeding tendency, young age, and even in surgically altered anatomy in which EST is difficult
	We consider EPBD in cases of small bile duct stones, bleeding tendency, young age, and even in surgically altered anatomy in which EST is difficult


[bookmark: OLE_LINK5243][bookmark: OLE_LINK5244]CBD: Common bile duct; EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilatation; PEP: Post endoscopic retrograde cholangiopancreatography pancreatitis.
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Table 2 Key points of each guideline
	
	JGES/TG18
	ESGE
	ASGE

	Papillary dilatation
	EST is standard
	EST is standard
	EST is standard

	
	EPBD is determined by age, scheduled RFA, antithrombotic medications, parapapillary diverticulum, reconstructed bowel, and stone diameter and number
	In anticoagulant users and in cases of SAA, EPBD is an option for stones smaller than 8 mm
	In anticoagulant users, in cases of SAA, and in cases of intradiverticular papilla, EPBD is an option

	Cases of antithrombotic agents use (EST, high bleeding risk procedures)
	ASA or CLZ alone may be continued
	ASA or CLZ alone may be continued
	ASA or CLZ alone may be continued

	
	Thienopyridines discontinued for 5-7 d or replaced with ASA or CLZ
	Thienopyridines discontinued for 5-7 d or replaced with ASA or CLZ
	Thienopyridines discontinued for 5-7 d or replaced with ASA or CLZ

	
	Warfarin may be continued if in therapeutic range; DOAC is withdrawn on the EST day only
	Warfarin stopped 5 d ago and LMWH was started 2 d ago (LMWH also stopped 24 h ago).
DOAC stopped 48 h ago
	Warfarin users can be treated urgently if INR < 2.5. DOACs should be discontinued prior to treatment, with a discontinuation period of twice the half-life. Heparin replacement is recommended in patients at high risk of thrombosis

	　
	Resumed the next day
	Warfarin or DOAC resume within 48 h. Warfarin is used with LMWH until the optimal concentration is reached
	Resume at the end of the procedure if hemostasis is confirmed. However, evidence for DOACs and APAs are scant

	Stone retrieval
	No superiority of balloons and baskets is noted
	Efficacy of balloons and baskets is almost equal
	Recommend using balloons rather than baskets

	Complicated cases of cholangitis
	Patients who are hemodynamically unstable, coagulopathic, or receiving antithrombotic agents; it was believed that decompression alone should be considered.
EBS and ENBD are almost equal
	Not stated
	Given that hemodynamically unstable patients might not tolerate procedural bleeding or adverse events, it was believed that decompression alone should be considered in this group as well as for patients who are coagulopathic and/or are receiving antithrombotic agents and those who would need to have anticoagulation resumed immediately after sphincterotomy (e.g., patients with mechanical heart valves)


APA: Antiplatelet agent; ASA: Acetylsalicylic acid; ASGE: American Society for Gastrointestinal Endoscopy; CLZ: Cilostazol; DOAC: Direct oral anticoagulant; EBS: Endoscopic biliary stent; ENBD: Endoscopic nasobiliary drainage; EPBD: Endoscopic papillary balloon dilation; ESGE: European Society of Gastrointestinal Endoscopy; EST: Endoscopic sphincterotomy; JGES: Japan Gastroenterological Endoscopy Society; LMWH: Low-molecular-weight heparin; SAA: Surgically altered anatomy; TG18: Tokyo guideline 2018.
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