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Abstract
BACKGROUND
[bookmark: _Hlk59559946]A previous study showed that irrigation with 100 mL saline reduced residual common bile duct (CBD) stones, which potentially cause recurrent stones after endoscopic retrograde cholangiopancreatography.

AIM
To determine whether saline irrigation can improve CBD clearance after lithotripsy.

METHODS
This prospective self-controlled study enrolled patients receiving mechanical lithotripsy for large (> 1.2 cm) CBD stones. After occlusion cholangiography confirmed CBD stone clearance, peroral cholangioscopy (POC) was performed to determine clearance scores based on the number of residual stones. The amounts of residual stones spotted via POC were graded on a 5-point scale (score 1, worst; score 5, best). Scores were documented after only stone removal (control) and after irrigation with 50 mL and 100 mL saline, respectively. The stone composition was analyzed using infrared spectroscopy.

RESULTS
[bookmark: _Hlk50367577][bookmark: _Hlk58003882]Between October 2018 and January 2020, 47 patients had CBD clearance scores of 2.4 ± 1.1 without saline irrigation, 3.5 ± 0.7 with 50 mL irrigation, and 4.6 ± 0.6 with 100 mL irrigation (P < 0.001). Multivariate analysis showed that CBD diameter > 15 mm [odds ratio (OR) = 0.08, 95% confidence interval (CI): 0.01-0.49; P = 0.007] and periampullary diverticula (PAD) (OR = 6.51, 95%CI: 1.08-39.21; P = 0.041) were independent risk factors for residual stones. Bilirubin pigment stones constituted the main residual stones found in patients with PAD (P = 0.004).

CONCLUSION
Irrigation with 100 mL of saline may not clear all residual CBD stones after lithotripsy, especially in patients with PAD and/or a dilated (> 15 mm) CBD. Pigment residual stones are soft and commonly found in patients with PAD. Additional saline irrigation may be required to remove retained stones.
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Core Tip: This is a prospective self-controlled study with 47 patients seeking to determine whether saline irrigation can also improve common bile duct (CBD) clearance after mechanical lithotripsy. Irrigation with 100 mL of saline may not clear all residual CBD stones after mechanical lithotripsy, especially in patients with periampullary diverticula (PAD) and/or a dilated (> 15 mm) CBD. Pigment residual stones are soft and commonly found in patients with PAD. Additional saline irrigation may be required to remove the retained stones.

INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) is an effective and relatively minimally invasive technique for common bile duct (CBD) stones[1-3]. It has been reported that the recurrence rate of CBD stones after ERCP has increased from 4% to 24%[4-6]. The incidence of residual stones after mechanical lithotripsy for intractable CBD stones is 24% to 40%[7-10]. A growing number of studies suggest that an important reason for the recurrence of bile duct stones is the presence of stone debris after lithotripsy[11-13]. During ERCP, occluded cholangiography (OC) is often performed after stone removal to determine whether the stone is removed completely, but OC lacks accuracy. Even if no obvious stones are found on cholangiography, the presence of contrast can obscure small stone debris in the bile duct[8,14]. Complete bile duct clearance is necessary to decrease recurrent bile duct stones.
Some studies[15-17] reported that irrigation of the bile duct with saline after stone extraction further improves the clearance of the bile duct and has the advantages of being a simple, low-cost procedure with rare complications. Ang et al[16] showed that a mean of 48 mL of saline solution could irrigate and flush out residual stones after the endoscopic removal of CBD stones. Ahn et al[17] found that irrigation with 100 mL of saline can flush out residual stone fragments from the bile duct into the duodenum after stone extraction. However, intraductal ultrasound (IDUS) has a high sensitivity and accuracy in diagnosing bile duct stones/debris[11,16]. This modality yields only indirect images of the debris.
The lack of direct evidence to support the efficacy of saline irrigation after lithotripsy prompted us to use peroral cholangioscopy (POC) to examine the bile duct and detect any residual stones/debris. The results of no irrigation after stone extraction were confirmed by OC and were compared to the effectiveness of irrigation with 50 mL or 100 mL saline. To evaluate whether irrigation with 100 mL of saline is more effective in achieving complete clearance of the bile duct after mechanical lithotripsy, we conducted this prospective self-controlled study.

MATERIALS AND METHODS
Study design and participants
Between October 2018 and January 2020, 47 patients with CBD stones were enrolled in a prospective clinical trial conducted in the surgical endoscopy center of The First Hospital of Lanzhou University (Figure 1). All eligible patients or their legal representatives gave informed consent before the treatment. The inclusion criteria were patients with CBD stones undergoing ERCP, able to provide informed consent, with a stone size larger than 1.2 cm and requiring mechanical lithotripsy for stone removal. The exclusion criteria included pre-ERCP acute suppurative cholangitis, acute pancreatitis, gastrointestinal (GI) tract hemorrhage and/or perforation, previous history of ERCP, prior Bilroth II gastrectomy and Roux-en-Y or cholangiojejunostomy, pregnancy or breastfeeding, coagulopathy with international normalized ratio > 1.5 and low platelet count (< 50 × 109/L) or active use of anticoagulation drugs, severe liver disease including decompensated liver cirrhosis or liver failure, septic shock, biliary-duodenal fistula confirmed before ERCP cannulation, the presence of intrahepatic duct stones and malignancy, and patient unwillingness or inability to give informed consent.
To assess the number of residual stones, we created a CBD clearance score as follows: (1) A large number of stone fragments and biliary sludge; (2) A moderate number of stone fragments and biliary sludge; (3) A small number of stone fragments and biliary sludge; (4) Presence of biliary sludge without any stones; and (5) Completely cleared CBD without any biliary sludge. The scores were determined by two endoscopists independently (Figure 2).
The study was approved by the ethics committee of The First Hospital of Lanzhou University (No. LDYYMENG2018-1028) and conducted in accordance with the ethical principles of the Declaration of Helsinki. All authors had access to the study data and reviewed and approved the final manuscript.

Procedures
All endoscopic procedures were performed by two experienced endoscopists (each has performed > 1000 ERCPs). Routine prophylactic antibiotics were given in all cases. ERCP was performed with a standard duodenoscope (TJF-260V, Olympus, Tokyo, Japan). The patients received propofol anesthesia without tracheal intubation.
During ERCP, cannulation was performed with a wire-guided sphincterotome. After successful cannulation, contrast was injected to determine the stone size (more or less than 12 mm) and the need for mechanical lithotripsy. All patients underwent a small sphincterotomy with an average length of 3-5 mm using the ENDO CUT mode (power setting 90-120 W; Erbe Elektromedizin, Tuebingen, Germany) followed by balloon sphincteroplasty using a controlled radial expansion (CRE) balloon (10-12 mm in diameter; Boston Scientific, Cork, Ireland). Lithotripsy was performed using an endoscopic lithotripter-compatible basket (Boston Scientific, Marlborough, MA, United States), and stones were removed using the basket and a balloon catheter. Samples of CBD stones were collected using an EndoRetrieval bag (Micro-Tech, Nanjing, China) and placed in a container for subsequent analysis. Occlusion cholangiography was performed by injecting contrast with a balloon catheter. Fluoroscopic assessment using a C-arm X-ray (OEC 9900 Elite, Salt Lake City, Utah, United States) was applied to confirm complete removal of CBD stones and the existence of stone residuals was determined by both endoscopist and radiologist. Confirmed stone residues by applying occlusion cholangiography were then followed by repeated extraction attempts. If complete stone removal was confirmed, a CBD clearance score was generated by further applying SpyGlass DS (Boston Scientific Corporation, Marlborough, Massachusetts, United States) examination. If the CBD clearance score was less than 5, the bile duct was irrigated intermittently with 50 mL of normal saline using a basket. The basket was shaken during irrigation with slight suction applied to the duodenoscope to promote drainage. The bile duct was then examined again using the SpyGlass DS to detect any residual stones/sludge and document the clearance score. If the clearance score was still less than 5, repeat irrigation of the CBD was performed using another 50 mL of normal saline. The final CBD clearance score was obtained one more time using SpyGlass DS examination. CBD stones that were not irrigated out after double 50 mL-saline irrigations continued to be irrigated with saline until they were fully cleared (Figure 3). Endoscopic nasobiliary drainage (ENBD) or biliary stenting was performed if necessary. The CBD clearance score was assessed by two blinded endoscopists who were masked to the treatment.
The composition of the removed CBD stones was analyzed using infrared ray (IR) spectroscopy. One milligram (mg) of stone samples was mixed with 150 mg of potassium bromide in a mortar and ground into powder. The stone mixture was pressed into a mold and then placed into an automatic IR spectrum analyzer for automated detection to determine the IR spectrogram of the CBD stones. The IR spectrogram showed characteristic absorption peaks at a wavelength of 1460 cm-1, indicating cholesterol-based stones, and those at a wavelength of 1680 cm-1 indicated pigment-based stones.

Definition for complications
Most of the post-ERCP adverse events were detected within 24 h after the procedure. We routinely assessed these adverse events, including cholangitis, oozing/bleeding, pancreatitis, cholecystitis, and perforation, at 24 and 48 h after the ERCP procedure by symptoms, signs, laboratory tests, and imaging examinations if necessary[18,19]. Post-ERCP adverse events were defined as follows: (1) The diagnosis of acute cholangitis was based on Tokyo Guidelines 2018/2013 (TG18/TG13) diagnostic criteria[20]; (2) Oozing was defined as bleeding that was slight and stopped spontaneously; (3) Pancreatitis was described as new or worsening abdominal pain along with an increase in serum amylase levels (> 3 × higher than normal upper limit measured 24 h after surgery); (4) Cholecystitis was defined as pain in the epigastrium or RUQ accompanied by a positive Murphy sign, and abdominal ultrasonography showing a thickened gallbladder wall; and (5) Perforation was defined as sudden abdominal pain accompanied by retroperitoneal air and fluid.
Mechanical lithotripsy was performed by the same assistant for all patients. Stones that were fragmented successfully with only one attempt were defined as soft stones. Stones that required multiple fragmentation attempts or needed to be broken again were defined as hard stones.

Statistical analysis
The sample size calculation was based on the rate of residual stone clearance. According to a previous study[16] and our prior experience, we assumed a success rate of 84.5% for endoscopic extraction of CBD stones and an increase of up to 97% with saline irrigation. We estimated that 47 patients were needed in this analysis to obtain a power of 80% at the 5% level.
Categorical variables are expressed as numbers or percentages (%). Continuous variables are presented as the mean ± SD or median and interquartile range, as appropriate. Continuous variables with a normal distribution were analyzed by paired t-test or signed-rank test. Categorical variables were analyzed using the chi-square test or Fisher’s exact test. Logistic regression was used to predict risk factors for complications, and the results are presented as odds ratios (ORs) with 95% confidence intervals (Cis). Variables with a P value of < 0.2 in the univariate analysis were included in the multivariate analysis. Linear mixed-effects models were conducted to assess the effect of saline irrigation on the clearance score with a random intercept for each patient and an unstructured covariance structure. A two-sided P value of less than 0.05 was considered statistically significant. The analyses were conducted with statistical software (SAS version 9.4, SAS Institute, Inc., NC, United States).

RESULTS
The patients' average age was 61 ± 16.5 years, and 23 (48.9%) were male. Comorbidities included coronary disease in three (6.4%) patients, hypertension in 14 (29.8%), diabetes in two (4.3%), liver cirrhosis in three (2.1%), and portal hypertension in one (6.4%). The stone analysis showed that 17 (36.2%) cases had cholesterol-based stones, and 30 (63.8%) had pigment-based stones.
Procedure-related adverse events occurred in 11 (23.4%) of 47 patients, with cholangitis in four patients, bleeding in two, pancreatitis in four, and cholecystitis in one. No mortality or perforation occurred. The mean time for ERCP was 40.3 ± 15.4 min (Table 1).
After endoscopic stone extraction, occlusion cholangiography showed that there were no residual CBD stones. Seven patients had a clearance score of 4 identified by POC with the SpyGlass DS, and no patients had a score of 5 before saline irrigation. After irrigation with 50 mL saline, CBD clearance improved to 4 in 28 patients, but none achieved a score of 5. After a total of 100 mL of saline irrigation, there was further improvement in the clearance scores: 12 (26%) patients had a score of 4, and 32 (68%) had a score of 5 identified by the SpyGlass DS. The respective CBD stone clearance rates for the control (no irrigation), 50 mL saline irrigation, and 100 mL saline irrigation were 15%, 60%, and 94%, respectively, and the difference among them was statistically significant (P < 0.001) (Table 2). The CBD clearance score (mean ± SD) was 2.4 ± 1.1 in the control, 3.5 ± 0.7 in the 50 mL saline irrigation, and 4.6 ± 0.6 in the 100 mL saline irrigation (P < 0.001) (Supplementary Figure 1).
After ERCP, 13 patients had a score of 1 (a large amount of residual stone/sludge) before saline irrigation. Only 15 patients did not reach a score of 5 (complete clearance) after 100 mL of saline irrigation. A dilated CBD diameter > 15 mm (OR = 4.93, 95%CI: 1.13-21.57; P = 0.034) was an independent risk factor for significant residual CBD stones (score = 1). Multivariate analysis revealed that CBD diameter > 15 mm (OR = 0.08, 95%CI: 0.01-0.49; P = 0.007) and the presence of periampullary diverticula (PAD) (OR = 6.51, 95%CI: 1.08-39.21; P = 0.041) were independent risk factors for failed CBD clearance despite irrigation with 100 mL saline (Table 3).
Further analysis showed that the volume of saline used for irrigation[20] (P < 0.001) was an important factor determining CBD clearance (Supplementary Table 1).
We used IR spectroscopy to analyze the components of stones in the CBD of all patients. IR spectroscopy analysis showed that the proportion of pigment-based stones was significantly higher in patients with PAD (93.3% vs 50.0%, P = 0.04), and these stones were mostly soft stones (77.4% vs 22.6%, P = 0.01) (Table 4).

DISCUSSION
Fluoroscopic cholangiographic imagery is currently the main method to determine the successful clearance of CBD stones[20]. However, studies involving the use of IDUS have identified residual biliary sludge within the bile duct despite the absence of filling defects on cholangiography. Mechanical lithotripsy produces a large number of stone fragments, and these minor residual CBD stones may lead to recurrent stone formation[21].
It has been reported that residual small CBD stone fragments can be flushed out of the bile duct using saline irrigation with a balloon catheter with a side hole[15]. A study reported that an average of 48 mL of saline could remove residual stones[16]. However, another study found that at least 100 mL of saline was needed to reduce residual stones[17]. Therefore, the effectiveness of saline irrigation on the clearance of residual bile duct stones after lithotripsy is not clear. This study's purpose differs from previous ones in that all of the patients had large stones and were post lithotripsy. In this study, we found that after ERCP and an additional round of lithotripsy were performed to remove CBD stones, POC using the SpyGlass DS showed that only 15% of the patients were relatively cleared of bile duct stones despite a negative occlusion cholangiogram. After irrigation with 50 mL of normal saline, 60% of the patients had relatively cleared bile ducts. After a total of 100 mL saline irrigation, 94% of the patients achieved complete clearance of the bile duct. The results showed that irrigation with 50 mL of saline was not enough to clear the bile duct of residual stones/sludge.
In this series, all patients received mechanical lithotripsy for stone fragmentation, which generates substantial stone fragments/debris, thus increasing the difficulty of clearing the bile duct. Our results showed that a good CBD clearance rate could be achieved with a larger saline irrigation volume. The clearance rate of bile duct stones could be higher for those without lithotripsy.
Residual stones have been found in approximately 1/3 of cases after stone retrieval using endoscopic ultrasound (EUS)[22,23]. In addition to stone detection, the EUS approach might also offer an alternative for treating bile duct stones. However, the use of EUS is very challenging[24-27]. IDUS has also been used to detect small residual stones in 14/59 patients (23.7%) with residual stones[11]. However, the ultrasonic probe is costly and can be easily damaged. In addition, the method is highly operator dependent and often produces poor quality images, and the presence of air in the bile duct can affect the detection of residual stones. Many studies have shown that POC has a high sensitivity in the detection of residual CBD stones, ranging from 25.3% to 34%, where residual stones are missed by standard cholangiography[8,9,28].
In our study, we used the SpyGlass DS system to determine the CBD clearance score. The SpyScope has a 4-way tip deflection and is much smaller (10 French) than conventional choledochoscopes. More importantly, it has a separate and independent irrigation channel that allows intermittent or continuous irrigation of the biliary system. It also offers a direct examination of the bile duct lumen and is more accurate in detecting and diagnosing residual bile duct stones/sludge.
Residual CBD stones can lead to recurrent stone formation. Itoi et al[7] reported that PAD and intraoperative lithotripsy were closely related to residual stones (P < 0.05), as we observed in our study. We also found that a dilated CBD with a diameter > 15 mm was an independent risk factor for failed CBD clearance and a large number of residual stones. Despite irrigation with 100 mL saline, PAD and a dilated CBD remained independent risk factors for incomplete bile duct clearance. This may be due to the presence of an air-filled duodenum/diverticulum that compresses the distal CBD, making it difficult to wash away the residual stones/sludge[29,30]. CBD clearance can be improved by increasing the volume of saline irrigation.
Our results showed that PAD not only increased the difficulty of bile duct clearance but can also affect stone composition. We found that pigment-based stones constituted the majority of CBD stones in our patients with PAD (P = 0.004). Song et al[31] reported that recurrent bile duct stones were more likely to be brown pigmented stones than cholesterol-based stones. This may be because pigment-based stones are often related to bacterial infection, and the formation of biliary sludge will contribute to recurrent stone formation over time[32-34]. The brown pigmented stones that form as a result of bacterial infection are soft and easy to fragment and generate abundant debris. Our experience showed that soft stones/sludge require more saline irrigation to clear the bile duct. In this study, 26% of cases with biliary sludge were found even with 100 mL saline irrigation. If an effective bile duct cleaning device is used to remove biliary sludge, it may reduce the CBD stone recurrence rate after ERCP.
Without adequate biliary drainage, saline irrigation can increase the intraductal pressure, causing cholangitis because of contaminated bile[35]. Proper drainage methods can mitigate this stress[36,37]. No serious adverse events were reported in our study except for 10% of patients with cholangitis secondary possibly to saline irrigation. Intermittent irrigation and endoscopic suction to promote biliary drainage may lower the risk in addition to antibiotic coverage. Differences between this study and previous studies include the following: We studied the effect of flushing with saline after lithotripsy; our evaluation method was different from that of previous studies (we used SpyGlass DS examination); and we performed a component analysis related to diverticula. Our study has several methodological advantages. First, it was a prospective study using a self-controlled design, and SpyGlass DS was used to assess the presence of residual stones in the bile ducts. All of the patients showed no stones by imaging even though small residual bile duct stones were observed by SpyGlass DS, indicating that the evaluation of residual bile duct stones using SpyGlass DS is more sensitive than imaging alone. If we observe that there are still stones, it would be unethical not to continue flushing after using 50 mL of saline. Second, this study used objective definitions to assess residual stones identified by POC. Third, this study included objective stone composition analysis using IR spectroscopy.
The study has limitations. This study was not a randomized controlled trial. The use of direct cholangioscopy by the SpyGlass DS increases the procedure time with additional cost. Therefore, we do not recommend routine use of SpyGlass DS to rule out residual stones.

CONCLUSION
In conclusion, in patients with large CBD stones undergoing mechanical lithotripsy, routine irrigation of the bile duct with at least 100 mL of saline is recommended to improve CBD clearance, especially for patients with a dilated bile duct and/or those with PAD. Saline irrigation is simple, inexpensive, and easy to perform to improve bile duct clearance, and it may avoid recurrent stone formation.

ARTICLE HIGHLIGHTS
Research background
Endoscopic retrograde cholangiopancreatography (ERCP) is an effective and relatively minimally invasive technique for common bile duct (CBD) stones. The recurrence rate of CBD stones after ERCP has increased from 4% to 24%. The incidence of residual stones after mechanical lithotripsy for intractable CBD stones is 24% to 40%. An important reason for the recurrence of CBD stones is the presence of stone debris after lithotripsy.

Research motivation
It has been suggested that saline irrigation of the bile duct after stone removal can increase the cleaning of the bile duct. Complete bile duct clearance is necessary to decrease recurrent bile duct stones. However, the efficacy and dosage of saline are still unclear.

Research objectives
To determine whether saline irrigation can improve CBD clearance after lithotripsy and how much saline solution will remove residual stones/debris. 

Research methods
This prospective self-controlled study enrolled patients receiving mechanical lithotripsy for large (> 1.2 cm) CBD stones. After occlusion cholangiography confirmed CBD stone clearance, peroral cholangioscopy (POC) was performed to determine clearance scores based on the number of residual stones. The number of residual stones spotted via POC was graded on a 5-point scale (score 1, worst; score 5, best). Scores were documented after only stone removal (control) and after irrigation with 50 mL and 100 mL saline, respectively. The stone composition was analyzed using infrared spectroscopy. 

Research results
Between October 2018 and January, 47 patients had CBD clearance scores of 2.4 ± 1.1 without saline irrigation, 3.5 ± 0.7 with 50 mL irrigation, and 4.6 ± 0.6 with 100 mL irrigation. Multivariate analysis showed that CBD diameter > 15 mm and periampullary diverticula (PAD) were independent risk factors for residual stones. Bilirubin pigment stones constituted the main residual stones found in patients with PAD. 

Research conclusions
Irrigation with 100 mL of saline may not clear all residual CBD stones after lithotripsy, especially in patients with PAD and/or a dilated (> 15 mm) CBD. Pigment residual stones are soft and commonly found in patients with PAD. Additional saline irrigation may be required to remove retained stones. 

Research perspectives
In the future, prospective, large sample, multi-center, well-designed studies are needed to validate the amount of saline needed to completely remove the residual stones/debris of different types of CBD stones after mechanical lithotripsy.
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Figure Legends
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Figure 1 Flow chart of the self-controlled study. CBD: Common bile duct; ERCP: Endoscopic retrograde cholangiopancreatography; PTCD: Percutaneous transhepatic cholangiodrainage.
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Figure 2 SpyGlass DS images and simulation graphs of the residual stone. A-E: SpyGlass DS images (A1-E1) and simulation graphs (A2-E2). Score 1: A large amount of stone fragments and biliary sludge. Score 2: A moderate amount of stone fragments and biliary sludge. Score 3: A small amount of stone fragments and biliary sludge. Score 4: Presence of biliary sludge without any stones. Score 5: Completely cleared common bile duct without any biliary sludge.
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Figure 3 Protocol of evaluation and irrigation procedures. CBD: Common bile duct; ERCP: Endoscopic retrograde cholangiopancreatography; POC: Peroral cholangioscopy.

Table 1 Clinical and procedural characteristics of the patients
	Patients
	n = 47

	Age (yr, mean ± SD)
	61 ± 16.5

	Male
	23 (48.9%)

	Stone size (mm)
	14 (14-15)

	Multiple CBD stones
	36 (76.6%)

	Diameter of CBD (mm)
	15 (12-18)

	Gallbladder stones
	21 (44.7%)

	Previous cholecystectomy
	24 (51.1%)

	Periampullary diverticulum
	15 (31.9%)

	Total bilirubin (µmol/L)
	71.1 (64.9-107.9)

	Comorbidities
	

	Coronary disease
	3 (6.4%)

	Hypertension
	14 (29.8%)

	Diabetes
	2 (4.3%)

	Liver cirrhosis
	3 (2.1%)

	Portal hypertension
	1 (6.4%)

	ENBD
	40 (85.1%)

	Procedure time, min (mean ± SD)
	40.3 ± 15.4

	Stone texture
	

	Hard stones
	16 (34.0%)

	Soft stones
	31 (66.0%)

	Stone compositions
	

	Cholesterol-based stones
	17 (36.2%)

	Pigment-based stones
	30 (63.8%)

	Procedure-related adverse events
	

	Cholangitis
	4 (8.5%)

	Oozing
	2 (4.3%)

	Pancreatitis
	4 (8.5%)

	Cholecystitis
	1 (2.1%)

	Perforation
	0

	Death
	0


Data are expressed as the mean ± SD, median (interquartile range) or n (%). ENBD: Endoscopic nasobiliary drainage; CBD: Common bile duct.
[bookmark: _Hlk38695245]

Table 2 Common bile duct clear score and stone clearance rate before and after saline irrigation
	Score
	No irrigation
	50 mL
	100 mL
	P value

	Score 1
	13 (28%)
	0 (0%)
	0 (0%)
	

	Score 2
	8 (17%)
	4 (8%)
	0 (0%)
	

	Score 3
	19 (40%)
	15 (32%)
	3 (6%)
	

	Score 4
	7 (15%)
	28 (60%)
	12 (26%)
	

	Score 5
	0 (0%)
	0 (0%)
	32 (68%)
	

	Clear
	7 (15%)
	28 (60%)
	44 (94%)
	< 0.001





Table 3 Biliary cleanliness before and after saline irrigation, assessed by logistic regression analysis
	
	
	Residual massive stones (score = 1) before saline irrigation
	
	Biliary clearance (score = 5) after 100 mL saline irrigation

	
	n/N
	Univariable analysis
	Multivariable analysis
	n/N
	Univariable analysis
	Multivariable analysis
	
	
	
	

	
	
	OR (95%CI)
	P value
	OR (95%CI)
	P value
	
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	Age
	
	
	
	
	
	
	
	
	
	

	≤ 65 yr
	6/27
	1.00
	
	19/27
	
	19/27
	1.00
	
	-
	

	> 65 yr
	7/20
	1.89 (0.52-6.86)
	0.34
	13/20
	
	13/20
	0.78 (0.23-2.69) 
	0.70
	-
	-

	Gender
	
	
	
	
	-
	
	
	
	
	

	Female
	9/24
	1.00
	
	16/24
	
	16/24
	1.00
	
	-
	

	Male
	4/23
	0.35 (0.09-1.37)
	0.13
	16/23
	0.17
	16/23
	1.14 (0.34-3.90)
	0.83
	-
	-

	CBD diameter
	
	
	
	
	
	
	
	
	
	

	≤ 15 mm
	5/32
	1.00
	
	26/32
	
	26/32
	1.00
	
	1.00
	

	> 15 mm
	8/15
	6.17 (1.53-24.84) 
	0.01
	6/15
	0.034
	6/15
	0.15 (0.04-0.60) 
	0.007
	0.08 (0.01-0.49)
	0.007

	Stone number
	
	
	
	
	
	
	
	
	
	

	Single
	3/11
	1.00
	
	10/11
	
	10/11
	1.00
	
	1.00
	

	Multiple
	10/36
	1.03 (0.23-4.66) 
	0.97
	22/36
	-
	22/36
	0.16 (0.02-1.37)
	0.09
	0.08 (0.01-1.09)
	0.06

	Stone diameter
	
	
	
	
	
	
	
	
	
	

	≤ 15 mm
	8/36
	1.00
	
	26/36
	
	26/36
	1.00
	
	-
	

	> 15 mm
	5/11
	2.92 (0.70-12.11) 
	0.14
	6/11
	0.34
	6/11
	0.46 (0.12-1.86) 
	0.28
	-
	-

	Pigment-based stones
	
	
	
	
	
	
	
	
	
	

	No
	4/17
	1.00
	
	14/17
	
	14/17
	1.00
	
	1.00
	

	Yes
	9/30
	1.39 (0.36-5.46) 
	0.63
	18/30
	-
	18/30
	0.32 (0.08-1.36)
	0.12
	0.43 (0.05-3.60)
	0.44

	PAD
	
	
	
	
	
	
	
	
	
	

	No
	4/15
	1.00
	
	26/32
	
	26/32
	1.00
	
	1.00
	

	Yes
	9/32
	1.08 (0.27-4.28)
	0.92
	6/15
	-
	6/15
	6.50 (1.67-25.38)  
	0.007
	6.51 (1.08-39.21)
	0.041


N: Total number; CBD: Common bile duct; PAD: Periampullary diverticula; CI: Confidence interval; OR: Odds ratio.









Table 4 Correlation between the composition of stones and variables
	Variable
	Pigment-based stones
	Cholesterol-based stones
	
	P value

	PAD
	
	
	
	

	Yes
	14 (93.3%)
	1 (6.7%)
	8.31
	0.004

	No
	16 (50.0%)
	16 (50.0%)
	
	

	Diameter of the CBD
	
	
	
	

	≤ 15 mm
	21 (65.6%)
	11 (34.4%)
	0.14
	0.75

	> 15 mm
	9 (60.0%)
	6 (40.0%)
	
	

	Diameter of the stone
	
	
	
	

	≤15 mm
	25 (69.4%)
	11 (30.6%)
	2.10
	0.17

	> 15 mm
	5 (45.5%)
	6 (54.5%)
	
	

	Stone texture
	
	
	
	

	Hard
	6 (37.5%)
	10 (62.5%)
	7.28
	0.01

	Soft
	24 (77.4%)
	7 (22.6%)
	
	


CBD: Common bile duct; PAD: Periampullary diverticula.
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