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Abstract

Background and aims—Endoscopic management of large main pancreatic ductal (MPD) 

stones often require treatment with lithotripsy. Extracorporeal shock wave lithotripsy (ESWL) has 

been the mainstay therapy, and single-operator pancreatoscopy with intraductal (intracorporeal) 

lithotripsy (SOPIL) is an emerging technique. However, no comparative studies between these 

techniques exist. We therefore aimed to compare ESWL to SOPIL for the treatment of large MPD 

stones.

Methods—This is a retrospective cohort study comparing patients who were treated with ESWL 

or SOPIL from September 2013 to September 2019 at a single tertiary center. Logistic regression 

was performed to identify factors associated with technical success and efficient stone clearance (≤ 

2 procedures to clear stones).

Results—There were 240 patients who were treated with ESWL and 18 treated with SOPIL. The 

overall technical success rate of stone clearance was 224/258 (86.8%), which was similar between 

the ESWL and SOPIL groups (86.7% vs 88.9%, p = 1.000). A SOPIL approach required fewer 

total procedures (1.6 ± 0.6 vs 3.1 ± 1.5, p < 0.001) and less aggregate procedure time (101.6 
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± 68.2 vs 191.8 ± 111.6 min, p = 0.001). Adverse event rates were similar between the groups 

(6.3% vs 5.6%, p = 1.000). The use of SOPIL was independently associated with greater efficiency 

compared to ESWL (OR 5.241 [1.348–20.369], p = 0.017). Stone size > 10 mm was associated 

with less efficient stone clearance (OR 0.484 [0.256–0.912], p = 0.025).

Conclusion—Both ESWL and SOPIL are safe and effective endoscopic adjunct modalities for 

treating large pancreatic duct stones. SOPIL is an emerging alternative to ESWL that is potentially 

more efficient for lithotripsy and MPD stone clearance.
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Chronic pancreatitis (CP) is a progressive fibroinflammatory disease of the pancreas that 

can lead to pain, exocrine pancreatic insufficiency, and endocrine pancreatic dysfunction [1]. 

Pancreatic duct obstruction is a complication of CP and can be caused by main pancreatic 

duct (MPD) strictures or stones. Obstructing MPD stones can often lead to severe abdominal 

pain due to increased intraductal pressure, parenchymal tissue pressure, and ischemia [2, 3]. 

Endoscopic removal of MPD stones has been shown to improve MPD drainage and relieve 

pain attributable to pancreatic duct obstruction [4–6].

Current endoscopic options for treatment of MPD stones include lithotripsy techniques 

applied in conjunction with endoscopic retrograde cholangiopancreatography (ERCP) [7–

9]. Smaller MPD stones (< 5 mm) can often be removed by ERCP techniques alone 

following pancreatic sphincterotomy. Large MPD stones may be more difficult to extract 

and require fragmentation utilizing lithotripsy [10–12]. Options for lithotripsy include 

extracorporeal shock wave lithotripsy (ESWL) and single-operator pancreatoscopy with 

intraductal (intracorporeal) lithotripsy (SOPIL). The principle of ESWL is based on focusing 

shock wave energy to MPD stones either through electromagnetic or piezoelectric forces 

[9]. A recent systematic review and meta-analysis of the use of ESWL for symptomatic 

pancreatic duct stones demonstrated a high rate of stone fragmentation/clearance and 

relief from symptoms [13]. SOPIL is a novel technique that relies on direct visualization 

of MPD stones utilizing pancreatoscopy. Lithotripsy is performed within the pancreatic 

duct using either electrohydraulic shocks or a laser. The feasibility of SOPIL has been 

enhanced by recent improvements in pancreatoscopy technologies such as single-operator 

cholangiopancreatoscopy platforms that utilize digital imaging technologies. A multicenter 

retrospective analysis of SOPIL has demonstrated high efficacy and safety [14]

Current guidelines that address lithotripsy for chronic pancreatitis recommend using ESWL 

as first-line therapy for MPD stones larger than 5 mm and reserving SOPIL only when 

ESWL is not available or ineffective for stone clearance [10]. However, this is based on 

little to no comparative data. Importantly, there are several theoretical advantages of SOPIL 

over ESWL including more accurate targeting of MPD stones through direct visualization, 

visualization of non-calcified or minimally calcified stones that cannot be targeted with 

ESWL, and decreased collateral injury to surrounding tissue. Additionally, lithotripsy can 

be combined with ERCP for same session fragmentation and extraction of pancreatic duct 
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stone fragments with successful clearance of stones as a single procedure. ESWL requires 

a separate, subsequent ERCP procedure to clear fragments from the main pancreatic duct. 

To date, there are no studies that directly compare ESWL to SOPIL for the management 

of obstructing symptomatic MPD stones. The aim of this study is to compare ESWL and 

SOPIL for the treatment of large MPD stones.

Materials and methods

Study design and patient selection

This is a retrospective study of consecutive patients with symptomatic MPD stones who 

received either SOPIL or ESWL. This study was approved by the Institutional Review Board 

at the Indiana University School of Medicine. Patients were identified from a prospectively 

maintained database of all patients undergoing ESWL and ERCP from September 2013 

to September 2019. Patient-related data and outcomes were collected from the electronic 

medical record. Inclusion criteria included all adult patients > 18 years old, who had 

symptomatic large MPD stones (≥ 5 mm in greatest dimension). Definite indications 

for treatment included the presence of abdominal pain, and relative indications included 

symptomatic exocrine pancreatic insufficiency. Excluded patients included those without 

clear symptomatic indications for treatment.

The number and diameter of pancreatic duct stones and size of pancreas ducts were 

assessed by pre-treatment computed tomography (CT) scan or intraprocedural ERCP prior 

to lithotripsy. The baseline stone count included all large MPD stones that were targeted 

for lithotripsy and stone clearance. In patients with multi-focal stones, the downstream 

stones (head of pancreas) were typically treated first to assess for clinical response. In some 

cases, additional upstream stones (tail of pancreas) were treated if symptoms persisted. In 

other cases, stones in the pancreatic tail did not require treatment if symptoms resolved. 

Treating physicians determined which stones required lithotripsy and which technology to 

use (ESWL vs SOPIL).

Lithotripsy methods

ESWL (Fig. 1) was performed using an electrohydrau-lic spark gap lithotripter 

(HealthTronics, Austin, TX) by gastroenterologists who had dedicated training for ESWL 

(L.M. and J.W.) in conjunction with a dedicated radiology technician (S.H.). Most 

patients underwent an abdominal X-ray (Kidney–ureter–bladder with oblique series) prior 

to ESWL to ensure whether the stone was localizable on fluoroscopy. Patients were 

treated under general anesthesia with continuous monitoring. MPD stone(s) were localized 

under fluoroscopic guidance. Intravenous secretin (ChiRhoStim™, Bell-More Labs, Inc., 

Hampstead, MD) was administered 5–10 min after the initial shock wave and given via slow 

injection over 1 min[15]. Shock waves were then continued until the stone was adequately 

fragmented per physician discretion based on serial fluoroscopic images or until a maximum 

of 11,000 shock waves were achieved. Patients typically underwent ERCP either on the 

same day of ESWL after adequate stone fragmentation was achieved or within 14 days 

of ESWL. Pancreatic sphincterotomy was performed at the time of post-ESWL ERCP if 

not already present, and standard balloons or baskets were used to extract stone fragments. 
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If satisfactory stone fragmentation was not achieved at index ESWL, patients returned for 

additional ESWL sessions prior to ERCP. While ESWL alone without ERCP has been 

demonstrated to successfully treat large MPD stones [16, 17], we along with most centers 

perform both to ensure complete stone clearance and to minimize the number of ESWL 

sessions required to completely fragment stones.

SOPIL (Fig. 2) was performed using the SpyGlass™ Direct Visualization System 

(Boston Scientific, Natick, MA) before 2015 and the SpyGlass™ DS Direct Visualization 

System (Boston Scientific) after 2015. Lithotripsy was performed with electrohydraulic 

lithotripsy using the AUTOLITH® Generator (Northgate Technologies Inc., Elgin, IL) and 

AUTOLITH® Touch Electrohydraulic Lithotripter Probe (Northgate Technologies Inc.). 

Pancreatic sphincterotomy was performed (if not already present) at ERCP prior to 

advancement of the pancreatoscope catheter. Intraductal lithotripsy was then performed 

in an aqueous environment until the stone was adequately fragmented based on direct 

visualization. If partial but incomplete stone fragmentation was achieved, a pancreatic stent 

was placed and patients returned for additional treatment sessions.

Study outcomes and adverse events

Technical success was defined as complete or near-complete (> 90%) stone fragmentation 

and clearance based on procedure reports and subsequently measured on the final 

pancreatogram at the time of ERCP or on subsequent CT scans if available. Patients who 

had to cross over to the other lithotripsy modality were considered technical failures. The 

total procedures required to clear stones included any discrete lithotripsy sessions and 

subsequent ERCP procedures performed to clear MPD stones. Each ESWL and ERCP 

were considered discrete procedures. Same session SOPIL and ERCP were considered one 

procedure. Efficient MPD stone clearance was defined as the use of 2 or fewer procedures to 

clear the MPD stones. Pain improvement was defined as any patient reported improvement 

in pain at follow-up clinic visits, phone calls, or procedures. Adverse events were assessed 

by their frequency and severity graded per ASGE criteria (mild, moderate, severe, or fatal) 

[18].

Statistical procedures

Patient demographics, baseline history, stone characteristics, outcomes, and adverse events 

were compared between patients who underwent ESWL and SOPIL. Continuous variables 

were described by means and standard deviations and were compared between groups 

using Student’s t tests or Wilcoxon rank-sum tests. Categorical variables were described 

as frequencies and percentages and were compared between groups using Chi-square tests 

or Fischer exact tests. Univariate and multivariable logistic regression models were fit to 

assess factors associated with technical success and efficient stone clearance. All categorical 

variables were included and clinically relevant continuous variables were dichotomized to 

include in the logistic regression. In the logistic regression analyses, risk factors with a 

p value < 0.25 obtained from the univariate logistic regression models were included in 

a subsequent multivariable logistic regression model. A p value < 0.05 was considered 

statistically significant. Data analysis was performed using SAS 9.4 (SAS Inc., Cary, NC, 

USA).
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Results

There were 258 patients who underwent lithotripsy for management of large MPD stones 

(ESWL = 240 and SOPIL = 18, Table 1). Patient demographics, baseline symptoms, and 

etiology of chronic pancreatitis were similar between groups. Chronic symptoms associated 

with ductal obstruction included abdominal pain in 91.5% and exocrine pancreatic 

insufficiency in 50.4% of patients treated. Patients in the SOPIL group had a higher stone 

burden at baseline including more large MPD stones (1.7 ± 1.0 vs 1.3 ± 0.7, p = 0.036) 

and more often had 3 or more large MPD stones present (22.2% vs 4.6%, p = 0.014). 

Additionally, patients in the SOPIL group more often had a prior unsuccessful attempt at 

stone extraction with basic ERCP techniques (38.9% vs 7.5%, p ≤ 0.0001) and more often 

had prior failed lithotripsy attempts (38.9% vs 2.9%, p ≤ 0.0001).

Outcomes and adverse events are summarized in Table 2. The overall technical success 

rate of stone clearance was 224/258 (86.8%), which was similar between the ESWL and 

SOPIL groups (86.7% vs 88.9%, p = 1.000). The reason for failure in the 2 SOPIL patients 

was partial but incomplete stone fragmentation. These 2 SOPIL failures were then treated 

successfully with ESWL. Of the 32 ESWL failures, 2 were successfully treated with SOPIL, 

13 received surgical drainage, 2 had symptom improvement without stone removal, and 15 

were lost to follow-up.

Overall, 83.5% of patients experienced improvement in pain after treatment, which was 

similar between patients who received ESWL and SOPIL (82.7% vs 93.8%, p = 0.483). 

SOPIL achieved successful clearance of MPD stones with fewer total procedures (1.6 ± 0.6 

vs 3.1 ± 1.5, p < 0.001) and a shorter aggregate procedure time (101.6 ± 68.2 vs 191.8 

± 111.6 min, p = 0.001). Adverse events, including those at the time of lithotripsy and 

subsequent related ERCPs, occurred in 6.2% of patients, and rates were similar between the 

groups (6.3% vs 5.6%, p = 1.000). All adverse events were mild (n = 15) or moderate (n = 

1).

A univariate and multivariable logistic regression model was created looking for predictors 

of technical success (Table 3). On univariate analysis, a prior pancreatic sphincterotomy 

(OR 2.402 [1.060–5.443], p = 0.036) and presence of a pancreatic duct stricture (OR 

2.418 [1.107–5.282], p = 0.027) were significant. However, no factors were found to be 

significant on multivariable analysis. Of those with successful stone clearance, efficient (2 or 

fewer procedures) MPD stone clearance was achieved in 114/224 (50.9%). A univariate and 

multivariable logistic regression analysis was performed to identify predictors for efficient 

stone clearance (Table 4). The use of SOPIL rather than ESWL was associated with greater 

efficiency compared to ESWL on both univariate and multivariable (OR 5.241 [1.348–

20.369], p = 0.017) analysis. A large stone was associated with lesser efficiency (or a greater 

procedure burden) on both univariate and multivariable (OR 0.484 [0.256–0.912], p = 0.025) 

analysis.
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Discussion

Endoscopic management of large MPD stones is challenging. While smaller stones (<5 

mm) are reliably removed with standard ERCP techniques alone, large stones require 

adjunct interventions for endoscopic management or surgery. Lithotripsy is often deployed 

for the fragmentation of large MPD stones prior to extraction. Options for lithotripsy 

include mechanical lithotripsy, extracorporeal lithotripsy, and intraductal direct lithotripsy. 

The most common adverse event of mechanical lithotripsy for MPD stones is a trapped 

or broken basket [19]. Considered an emergent severe endoscopic complication, this 

event often results in the need for surgical resection and consequently this technique is 

not favored by the majority of experts. While ESWL is a well-studied and established 

therapy for lithotripsy of MPD stones, novel advances in cholangiopancreatoscopy have 

greatly enhanced the capabilities of intraductal lithotripsy. The advent and refinement of 

single-operator ductoscopy platforms include slim, agile catheters with digital imaging and 

therapeutic applications [20]. SOPIL is now much more feasible for MPD stone therapy. 

It is in the absence of large cases series and comparative data on the efficacy and safety 

of SOPIL that current guidelines do not emphasize SOPIL as a preferred therapy for 

management of symptomatic MPD stones clearance. While ESWL is the recommended 

first-line therapy for MPD stones greater than 5 mm in size by many societies, access to 

ESWL equipment, experienced operators, and the number of programs with experience are 

severely limited [10, 21]. To better define the role of ESWL and SOPIL for lithotripsy of 

MPD stones, studies that explore the comparative efficacy between the two techniques are 

needed.

There is currently a large body of evidence supporting the efficacy of ESWL for large MPD 

stones. An updated metaanalysis recently published included 22 studies and 3868 patients 

with symptomatic calcific chronic pancreatitis that underwent ESWL [13]. Complete stone 

fragmentation was achieved in 86.3% (95% CI 76.0–94.0) and complete ductal clearance 

was achieved in 69.8% (95% CI 63.8–75.5). Complete pain relief was achieved in 64.8% 

(95% CI 57.5–70.6 ), while partial pain relief was not assessed due to heterogeneity. The 

rate of technical success (86.7%) and relief of pain (82.7%) in our study is comparable 

with this meta-analysis. However, the literature supporting SOPIL is based on small, non-

comparative case series. A systematic review of 10 studies with 87 patients assessing the 

efficacy and safety of SOPIL demonstrated a ductal clearance rate of 43–100% and an 

adverse event rate of 0–13.5% [7]. This wide range of success rate is likely due to an 

early learning curve with SOPIL and the gradual advances in cholangiopancreatos-copy 

platforms over time. Since then, a multicenter study including 109 patients with calcific 

pancreatitis treated with the current state of the art digital single-operator pancreatoscopy 

platform demonstrated a complete ductal clearance rate of 89.9%, an adverse event rate of 

10.1%, and symptom improvement in 88.4% [14]. The findings of our study are comparable 

to the findings of this large, multicenter case series (88.9% rate of stone clearance; 93.8% 

rate of pain improvement).

Our findings demonstrated that SOPIL and ESWL were similar in terms of both technical 

success (p = 1.000) and symptomatic improvement (p = 0.483). Despite similar rates of 

technical and clinical success with ESWL and SOPIL, there may be several potential 
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advantages of SOPIL in appropriately selected patients. Pancreatoscopy allows for direct 

visualization of stones, which therefore results in accurate targeting for fragmentation. 

Accurate targeting of stones is a significant challenge during ESWL as stones may move 

in and out of held during the respiratory cycle resulting in shocks delivered away from the 

stone to the pancreatic parenchyma. Furthermore, non-calcihed radiolucent stones cannot be 

seen with huoroscopically-guided ESWL, yet are evident with direct visualization at SOPIL. 

ESWL has the added disadvantage of rare adverse events unique to the ESWL maneuvers 

including injury to surrounding organs (including renal injury, splenic rupture, liver injury, 

and bowel perforation) and cardiac arrhythmias [7, 22]. There have been no reports of these 

adverse events with SOPIL.

Moreover, we found that SOPIL has the technical advantage of fewer procedures required to 

clear stones and a lower procedure duration compared to ESWL. This is because SOPIL is 

incorporated into ERCP, while ESWL requires subsequent ERCP procedures to clear stones. 

While the European Society of Gastrointestinal Endoscopy suggests restricting the use of 

ERCP after ESWL only in patients where spontaneous clearance of MPD stones does not 

occur, we routinely perform ERCP after ESWL to decrease the risk of steinstrasse (acute 

stone fragment impaction at the papilla) which occurs up to 6% of the time in some series 

but did not occur at all in this study [10, 22]. Additional ERCPs performed after ESWL 

incur additional costs and extra anesthesia time for patients. On the other hand, the use of 

SOPIL during ERCP allows for stone clearance at the same session.

The main limitation of SOPIL is that the 10 Fr delivery catheter of the pancreatoscopy 

platform needs to be advanced to the level of the stone in the pancreatic duct for lithotripsy, 

while ESWL can target stones throughout the pancreas. Specifically, the pancreatoscope can 

be difficult to advance across downstream MPD strictures (or small diameter pancreatic 

ducts) or around other anatomical issues (e.g., ansa loop, surgically altered anatomy). 

Furthermore, stones that are located upstream (i.e., toward the body/tail) may be difficult to 

treat since the pancreatoscope may be difficult to navigate around the genu in some patients. 

This is reflected in Brewer-Gutierrez’s study demonstrating that the most commonly 

cited reasons for failure included an inability to advance the lithotripsy probe or the 

pancreatoscope to the stone (6/11, 54.5%) [14]. Nevertheless, the population treated with 

SOPIL in the current study had downstream MPD strictures present in 38.9% of patients and 

MPD stones in the body/tail 38.9% of the time, demonstrating that SOPIL is still a feasible 

technique to consider in these situations. Another limitation of SOPIL is that it cannot target 

stones that are impacted at the ampulla, since direct visualization of the stone is not feasible 

in this setting and the pancreatoscope typically requires a short segment (up to 1 cm) of 

pancreatic duct to rest on while performing lithotripsy. Patients meeting any of these criteria 

may benefit from attempting ESWL first.

The main limitations of this study pertain to its retrospective design. First, there is 

significant potential for selection bias between ESWL and SOPIL in this population. 

Patients treated with SOPIL were chosen at the discretion and expertise of the physicians 

caring for the patient. Therefore, selection bias was introduced and baseline characteristics 

differed between the groups. Patients treated with SOPIL had more MPD stones at baseline. 

SOPIL also appeared to be utilized more often as a rescue therapy following failed ESWL. 
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These baseline differences suggest that the patients treated with SOPIL may have had more 

difficult stones to treat, but this did not negatively impact the efficacy of SOPIL. In fact, 

despite a seemingly more difficult baseline stone burden in the SOPIL group (including 

larger stone size, greater number of stones, and more frequent prior treatment failures), 

patients treated in this group were still successfully treated at a high rate. This suggests 

that SOPIL may be used earlier in the treatment algorithm of large MPD stones that are 

accessible by pancreatoscopy. Secondly, the technique and technology of SOPIL improved 

during the course of this study period. With more experience and improved imaging, SOPIL 

evolved into an alternative first-line choice for lithotripsy of large MPDs. Including the early 

experience of SOPIL in the study did not seem to negatively affect the results. Thirdly, 

definitions of technical success were based on procedures’ reports and review of subsequent 

imaging, but the degree of clearance may not be accurate when imaging was unavailable. 

Finally, as with many institutions, our experience with SOPIL is continuing to grow. We 

report significantly fewer patients managed with SOPIL than those treated with ESWL. It is 

possible that our study is underpowered to detect differences in relatively infrequent events 

(e.g., post-ERCP pancreatitis) and rates of success may vary with more SOPIL patients. 

However, our Endings are on par with larger, multicenter case series. Furthermore, we 

offer one of the largest single center series in the USA for lithotripsy of large MPD stones 

and the only study directly comparing both. Given the potential heterogeneity in factors 

that impact decision-making across centers (e.g., patient selection, follow-up, assessment of 

outcomes) for lithotripsy and MPD stone clearance in the setting of CP, it is important that a 

comparative retrospective study should be performed at centers that perform both lithotripsy 

techniques. A randomized controlled trial directly comparing ESWL and SOPIL techniques 

is the next step to identify the optimal approach for patients.

In conclusion, both ESWL and SOPIL are safe and effective modalities for lithotripsy of 

large pancreatic duct stones. SOPIL is a promising alternative to ESWL that may achieve 

similar rates of success with a lower procedure burden in carefully selected patients. A 

randomized controlled trial directly comparing ESWL and SOPIL would offer significant 

insights into the optimal management strategy for patients with symptomatic large MPD 

stones.
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Fig. 1. 
Fluoroscopic images of a patient with a pancreatic stent adjacent to a main pancreatic duct 

stone, with targeting of the stone during extracorporeal shock wave lithotripsy (A) followed 

by complete fragmentation of the stone (B)
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Fig. 2. 
Pancreatoscopic images of a patient with a large main pancreatic duct stone before treatment 

(A) and fragmented stone debris following electrohydraulic lithotripsy (B)
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Table 1

Baseline characteristics of patients with large main pancreatic duct stones who underwent extracorporeal 

shock wave lithotripsy (ESWL) or single-operator pancreatoscopy with intraductal lithotripsy (SOPIL) for 

treatment

All patients (n = 258) ESWL (n = 240) SOPIL (n = 18) p value

Demographics and baseline history

  Age, mean (SD) 58.0 (12.6) 57.8 (12.7) 61.3 (11.7)   0.255

  Sex, F (%) 88 (34.1%) 79 (32.9%) 9 (50%)   0.196

  Race, Caucasian (%) 227 (89.0%) 212 (88.3%) 17 (94.4%)   0.703

  BMI, mean (SD) 25.1 (6.1) 25.1 (6.1) 24.9 (6.2)   0.891

  Charlson comorbidity index, mean (SD) 2.7 (2.1) 2.7 (2.1) 2.9 (1.5)   0.646

  Abdominal pain at baseline (%) 236 (91.5%) 220 (91.7%) 16 (88.9%)   0.657

  Opioid medication usage at baseline (%) 142 (55.0%) 133 (55.4%) 9 (50%)   0.656

  Exocrine insufficiency at baseline
a
 (%) 130 (50.4%) 117 (48.8%) 13 (72.2%)   0.055

  Endocrine insufficiency requiring insulin (%) 71 (27.5%) 67 (27.9%) 4 (22.2%)   0.602

  Weight loss (%) 109 (42.4%) 101 (42.3%) 8 (44.4%)   0.856

  Etiology
b

   Alcohol (%) 137 (53.1%) 127 (52.9%) 10 (55.6%)   0.829

   Tobacco (%) 181 (70.2%) 168 (70.0%) 13 (72.2%)   0.842

   Hereditary (%) 9 (3.5%) 7 (2.9%) 2 (11.1%)   0.124

   Hypertriglyceridemia (%) 13 (5.0%) 13 (5.4%) 0   0.608

   Autoimmune (%) 1 (0.4%) 1 (0.4%) 0   1.000

   Obstructive (%) 33 (12.8%) 32 (13.4%) 1 (5.6%)   0.484

   Idiopathic (%) 40 (15.5%) 36 (15.0%) 4 (22.2%)   0.495

  Stone and pancreas anatomy

   Stone location (%)
c

  Head 213 (82.6%) 196 (81.7%) 17 (94.4%)   0.329

  Neck 30 (11.6%) 28 (11.7%) 2 (11.1%)   1.000

  Body 38 (14.7%) 32 (13.3%) 6 (33.3%)   0.033

  Tail 9 (3.5%) 8 (3.3%) 1 (5.6%)   0.484

   Number of large main duct stones treated, mean (SD) 1.3 (0.7) 1.3 (0.7) 1.7 (1.0)   0.036

   Single stone (%) 198 (76.7%) 185 (77.7%) 11 (61.1%)   0.267

   3 or more stones present (%) 15 (5.8%) 11 (4.6%) 4 (22.2%)   0.014

   Largest stone size (mm), mean (SD) 10.0 (4.5) 10.0 (4.2) 10.3 (7.4)   0.770

   Presence of parenchymal stones (%) 166 (64.3%) 152 (63.3%) 14 (77.8%)   0.217

   Downstream pancreatic duct stricture (%) 140 (54.3%) 133 (55.4%) 7 (38.9%)   0.174

   Largest pancreatic duct diameter (mm), mean (SD) 7.3 (2.8) 7.2 (2.8) 8.2 (2.6)   0.152

 Procedure history

   Prior ERCP (%) 165 (64.0%) 151 (62.9%) 14 (77.8%)   0.120

   Prior pancreatic sphincterotomy (%) 121 (46.9%) 107 (44.6%) 14 (77.8%)   0.006

   Prior failed attempt at stone extraction (%) 25 (9.7%) 18 (7.5%) 7 (38.9%) <0.001
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All patients (n = 258) ESWL (n = 240) SOPIL (n = 18) p value

   PD stent prior to lithotripsy (%) 90 (34.9%) 77 (32.1%) 13 (72.2%) <0.001

   Prior failed lithotripsy (%) 14 (5.4%) 7 (2.9%) 7 (38.9%) <0.001

  Prior failed ESWL (%) 10 (3.9%) 3 (1.3%) 7 (38.9%) <0.001

  Prior failed SOPIL (%) 4 (1.6%) 4 (1.7%) 0   0.278

Bold italic indicates p < 0.05

SD standard deviation, F female, BMI body mass index, ERCP endoscopic retrograde cholangiopancreatography, PD pancreatic duct, ESWL 
extracorporeal shock wave lithotripsy, SOPIL single-operator pancreatoscopy with intraductal lithotripsy

a
Exocrine insufficiency at baseline defined by pancreatic enzyme supplementation

b
Total etiology proportion does not add up to 1 due to coexisting etiologies in patients

c
Total stone location proportion does not add up to 1 due to patients with multiple main duct stones
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