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ABSTRACT

Background: The safety of extracorporeal shock wave lithotripsy for pancreatic stones (P-ESWL) and ad-
verse events were not evaluated and classified within large sample population. This study aimed to eval-
uate the safety and classify the adverse events of P-ESWL based on a large sample cohort.
Methods: This is an observational study based on the large prospective chronic pancreatitis (CP) cohort.
Patients with painful pancreatic stones over 5 mm who underwent P-ESWL between March 2011 and June
2018 at Shanghai Changhai Hospital were included. Adverse events after P-ESWL including complications
and transient adverse events (TAEs) were recorded. Risk factors of adverse events were analyzed through
univariable and multivariable logistics regression analysis. Sensitivity analysis was conducted to test the
stability of the study.
Results: Totally 2,071 patients underwent 5,002 sessions of P-ESWL were included. The overall compli-
cation rate and TAEs rate after all P-ESWL procedures were 5.2% and 20.9%. The complications and TAEs
rate decreased obviously within the first 6 sessions. Several independent risk factors for adverse events
after P-ESWL were identified. Sensitivity analysis suggested the stability of the results.
Conclusions: P-ESWL is a safe treatment for pancreatic stones. Multiple P-ESWL sessions did not increase
the complications and TAEs rate. ClincialTrials.gov number, NCT05916547.
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1. Introduction

Chronic pancreatitis (CP) is a multifactorial chronic inflamma-
tory disease featured with fibrosis and calcification of the pan-
creas, manifested as abdominal pain, exocrine and endocrine insuf-
ficiency. The prevalence rate of CP vary from 36 to 125 per 100,000
population in Japan, China and India [1]. In spite of the low inci-
dence rate, CP-related refractory abdominal pain greatly influences
the quality of life for patients, and brings huge economic and med-
ical burden due to the frequent hospitalizations. Pancreatic stones
are the typical pathological changes in CP with the prevalence of
75.3% after diagnosis of CP and almost 100% in the longer fol-
low up period [2], leading to obstruction of main pancreatic duct
(MPD) and the subsequent pancreatic duct hypertension, which is
one of the major causes of refractory abdominal pain. Clearance of
pancreatic stones is a therapeutic method for abdominal pain re-
lief.

The conventional treatment strategies for pancreatic stones
include extracorporeal shockwave lithotripsy (ESWL), endoscopic
treatment and surgery. Due to the minimal invasive feature and re-
peatability, ESWL and endoscopic retrograde cholangiopancreatog-
raphy (ERCP) have been the first-line therapy of pancreatic stones
in CP patients. There are two types of pancreatic stones according
to the physical property, radiopaque and radiolucent stones. Ac-
cording to the 2018 European Society of Gastrointestinal Endoscopy
Guideline, radiopaque obstructive MPD stones larger than 5 mm
located in the head/body of pancreas should be treated with ESWL,
and those are radiolucent or smaller than 5 mm should be treated
with ERCP [3]. Since 1987, ESWL has been reported to treat CP
patients with pancreatic stones [4]. Several studies have reported
the stone clearance rate of ESWL for pancreatic stones (P-ESWL)
which proved the efficacy of P-ESWL in treating pancreatic stones
[5]. While, researches about the adverse events after P-ESWL were
not sufficient and systemical. Different from ERCP with a standard
lexicon [6], standard classification of adverse events after P-ESWL
was scarce. In our previous research, we tried to come up with a
systemical classification for adverse events after P-ESWL [7], while,
the study sample was small and the patients’ enrollment was re-
stricted in about two years. The adverse events need larger sample
study and longer time duration of patients’ enrollment to testify.

Based on the aforementioned status quo, we designed an ob-
servational study to evaluate the safety and classify adverse events
of P-ESWL, as well as explore risk factors for adverse events after
P-ESWL based on a larger prospective Changhai CP cohort. Apart
from these, we conducted sensitivity analysis to testify the stabil-
ity of the results.

2. Materials and methods
2.1. Patients and database

The observational study was carried out based on the Changhai
CP Database (version number 2.1, Yinma Information Technology
Inc., Shanghai, China) (NCT 05916547). Detailed information about
Changhai CP Database has been exhibited in previous studies [2,8—
11]. From January 2005, data of CP patients who were admitted
into Changhai Hospital were collected prospectively. P-ESWL was
first carried out in Shanghai Changhai Hospital for hospitalized pa-
tients in March 2011. Thus, CP patients who underwent P-ESWL
for painful pancreatic stones between March 2011 and June 2018
at Department of Gastroenterology in Shanghai Changhai Hospi-
tal were included. Data of these patients were retrospectively ana-
lyzed.

Written informed consent was obtained from every patient en-
rolled in the study. The study was approved by the ethics com-
mittee of Shanghai Changhai Hospital on June 18, 2023 (Approved
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number, CHEC2023-143). The study was registered in 2023 and the
ClincialTrials.gov number is NCT05916547.

2.2. Definitions

The diagnosis of CP was based on the Asia-Pacific consensus
[12]. Until now, no firm definition of adverse event after P-ESWL
has been universally recognized. In this study, we used the previ-
ous published definitions for adverse events after P-ESWL [7]. Ad-
verse event of P-ESWL included complications and transient ad-
verse events (TAEs), depending on the severity. Major complica-
tions that need specific medical intervention and prolong hospital-
ization include post-ESWL pancreatitis, bleeding, infection, stein-
strasse and perforation. According to the length of hospitalization
and the need for invasive treatment, P-ESWL complications were
stratified as mild, moderate, and severe complications [7]. Rare
complications including intestinal obstruction, splenic rupture and
pancreaticobiliary fistula were not exhibited in the classification.
Different from the complications, TAEs were mild adverse events
which were transient injuries caused by shock waves, requiring no
medical intervention. TAEs included skin erythema, mild skin ten-
derness of the region in contact with the shockwave head, asymp-
tomatic hyperamylasemia (defined as an increase of serum amy-
lase compared with pre-ESWL levels and beyond the upper limit of
the normal range without any related symptoms), hematuria, and
acute gastrointestinal mucosal injury (manifested as hematemesis
and melena).

2.3. Treatment procedure

Patients suffering from painful CP with at least one large pan-
creatic stone (>5 mm in diameter) in the head/body of pan-
creas were treated with P-ESWL. P-ESWL was performed by three
gastroenterologists using an electromagnetic lithotripter (Com-
pat Delta II; Dornier Med Tech., Wessling, Germany) with bi-
dimensional fluoroscopic targeting facility. Patients with cholan-
gitis due to the common bile duct stricture caused by CP were
treated with P-ESWL after the cholangitis been controlled. Patients
who were at acute attack of CP were treated with P-ESWL after
acute inflammation been completely remission. Patients with pan-
creatic pseudocyst (PPC) were treated with P-ESWL while a pancre-
atic surgery team stood by. Patients with palpable masses of PPC
underwent transcutaneous drainage pre-ESWL.

Patients underwent repeated P-ESWL sessions on consecutive
days until the stones were broken into pieces with diameter
less than 3 mm. During the P-ESWL procedures, patients were
anesthetized with combination of flurbiprofen and remifentanil
through transvenous injection. The shock waves were limited to a
maximum of 5000 shocks per session and the intensity was set
from 1 to 6 (the majority was 6) with a frequency of 60 to 120
shocks per minute. With these parameters, each P-ESWL session
lasted for 60 to 90 min. After the last P-ESWL was finished, pa-
tients underwent ERCP in order to remove the stone fragments
and treat MPD stricture when necessary. Pancreatic stents were in-
serted into the MPD when needed according to the guideline [3].

2.4. Statistical analysis

Continuous variables were compared using student’s t-test or
nonparametric Mann-Whitney U test in different groups. Categori-
cal variables were compared using Chi-squared analysis or Fisher’s
exact test in different groups. Logistic regression model was used
to identify the risk factors for complications and TAEs through uni-
variable analysis and multivariable analysis. Odds ratio and the
95% confidence intervals were calculated. A p-value less than 0.05
was considered statistically significant for both the univariable and
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None: CCI score (0)

Mild: CCI score (1-2)
Moderate: CCI score (3-4)
Severe: CCI score (5+)

963 (46.5%)
959 (46.3%)
144 (7.0%)
5 (0.2%)

632 (42.6%)
739 (49.8%)
112 (7.5%)
2 (0.1%)

331 (56.5%)
220 (37.5%)
32 (5.5%)

3 (0.5%)

Table 1
General characteristics of 2071 patients of CP patients underwent P-ESWL.

Items Overall (n = 2071) Male (n = 1485) Female (n = 586) P value
Age at the onset of CP, y 37.575 (26.014, 47.542) 39.033 (28.953, 48.660) 30.414 (20.071, 43.656) <0.001
Age at the diagnosis of CP, y 43.378 (32.222, 52.025) 45.041 (35.677, 53.018) 37.238 (25.545, 48.898) <0.001
Smoking history™* 1073 (51.8%) 1061 (71.4%) 12 (2.0%) <0.001
Alcohol consumption, g/day’ <0.001

0 1020 (49.3%) 468 (31.5%) 552 (94.2%)

0-20 137 (6.6%) 127 (8.6%) 10 (1.7%)

20-60 (female)/80 (male) 309 (14.9%) 298 (20.1%) 11 (1.9%)

>60 (female)/80 (male) 605 (29.2%) 592 (39.9%) 13 (2.2%)
Initial manifestations 0.719

Abdominal pain 1768 (85.4%) 1273 (85.7%) 495 (84.5%)

Endocrine/Exocrine dysfunction 250 (12.1%) 176 (11.9%) 74 (12.6%)

Others 53 (2.6%) 36 (2.4%) 17 (2.9%)
Etiology <0.001

Alcoholic CP 605 (29.2%) 590 (39.7%) 15 (2.6%)

Idiopathic CP 1250 (60.4%) 772 (52.0%) 478 (81.6%)

Others 216 (10.4%) 123 (8.3%) 93 (15.9%)
Steatorrhea’ 406 (19.6%) 303 (20.4%) 103 (17.6%) 0.144
DM/ 502 (24.2%) 366 (24.6%) 136 (23.2%) 0.491
Biliary stricture’ 97 (4.7%) 80 (5.4%) 17 (2.9%) 0.016
Pancreatic pseudocyst’ 296 (14.3%) 239 (16.1%) 57 (9.7%) <0.001
Pancreatic sinistral portal hypertensionf 35 (1.7%) 28 (1.9%) 7 (1.2%) 0.272
Type of pain® <0.001

Recurrent acute pancreatitis 715 (34.5%) 557 (37.5%) 158 (27.0%)

Recurrent pain 710 (34.3%) 448 (30.2%) 262 (44.7%)

Recurrent acute pancreatitis and pain 564 (27.2%) 415 (27.9%) 149 (25.4%)

Chronic pain/ 82 (4.0%) 65 (4.4%) 17 (2.9%)
Severe acute pancreatitis' 52 (2.5%) 42 (2.8%) 10 (1.7%) 0.142
Successful MPD endoscopic drainage’ 501 (24.2%) 368 (24.8%) 133 (22.7%) 0.318
Successful MPD surgical drainage’ 112 (5.4%) 77 (5.2%) 35 (6.0%) 0.475
Main pancreatic duct diameter? 0.800 (0.600, 1.000) 0.800 (0.600, 1.000) 0.800 (0.600, 1.200) 0.002
DM in first-/second-/third-degree relatives 236 (11.4%) 159 (10.7%) 77 (13.1%) 0.117
Pancreatic diseases in first-/second-/third-degree relatives 121 (5.8%) 68 (4.6%) 53 (9.0%) <0.001
(excluding hereditary CP)
Charlson Cormorbidity Index <0.001

CP = chronic pancreatitis, P-ESWL = extracorporeal shockwave lithotripsy for pancreatic stones, DM = diabetes mellitus, MPD = main pancreatic duct, CCl = Charlson

Cormorbidity Index.
T Before the performance of the first P-ESWL.

t Patients who smoked more than 100 cigarettes were considered as having smoking history.
Il Patients who have ever experienced chronic pain were classified as chronic pain even though they may experience other pain types during the disease course.
9 In our study, the main pancreatic duct diameter was obtained for 993 patients, with 711 being male patients and 282 being female patients.

multivariable analysis. Data were analyzed using SPSS 27.0 (SPSS,
Chicago, Illinois, USA) and R software (version 4.2.1).

During the risk factors analysis for overall complications after
the first P-ESWL (1st-P-ESWL), all complications after 1st-P-ESWL
sessions were considered as the study endpoint. During the risk
factors analysis for post-ESWL pancreatitis/TAEs after 1st-P-ESWL,
post-ESWL pancreatitis/TAEs after 1st-P-ESWL session was consid-
ered as the study endpoint. For those patients underwent more
than one P-ESWL session, risk factors for adverse events after the
subsequent P-ESWL sessions were not analyzed since the subse-
quent P-ESWL sessions could be influenced by the anterior P-ESWL
sessions.

The cohort in this study contained the patients enrolled in the
previous research, thus sensitivity analyses in which patients ad-
mitted to Changhai hospital between March 2011 and June 2013
reported in the previous study [7] were excluded were conducted
to testify the stability of the analysis.

3. Results
3.1. Basic information of patients

A total of 2071 patients underwent 5002 sessions of P-ESWL
were included in the study. The mean number of P-ESWL sessions
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per patient was 2.4 sessions. The general characteristics of patients
were listed in Table 1, part of which has been previously disclosed
[13] and the parameters associated with P-ESWL procedures were
listed in Table 2. There were 93.1% (1929/2071) patients under-
went ERCP after P-ESWL. The technological success rate of ERCP
was 86.5% (success in stone extraction).

Totally 262 complications and 1047 TAEs occurred in the 5002
P-ESWL procedures for the 2071 patients (Table 3). Most patients
only suffered from one type of complications, while four patients
suffered from two complications in multiple P-ESWL sessions. One
patient suffered from post-ESWL pancreatitis and steinstrasse af-
ter the first and the second P-ESWL procedure, separately. One
patient suffered from bleeding of the liver and post-ESWL pan-
creatitis after the first and the eighth P-ESWL procedure, sepa-
rately. One patient suffered from perforation of the colon after
1st-P-ESWL procedure and intestinal obstruction two days later.
The last patient suffered from post-ESWL pancreatitis and infec-
tion after the first and the second P-ESWL procedure, separately.
Moderate-to-severe complications occurred in a total of 81 pro-
cedures. One patient with hepatic subcapsular hematoma under-
went percutaneous hematoma drainage. Another patient with per-
foration of the transverse colon underwent transverse colon repair
surgery. All the other patients suffered from complications under-
went close observation and conservative treatment and recovered
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Table 2
Details of P-ESWL.
Item Overall (n = 2071) Male (n = 1485) Female (n = 586) P
Age at the first performance of P-ESWL, y 44.937 (33.989, 53.362)  46.748 (37.615, 54.489)  38.095 (27.799, 50.251)  <0.001
Time from onset of CP to P-ESWL, y 4.748 (1.373, 10.315) 4.707 (1.436, 10.263) 4.834 (1.238, 10.427) 0.851
Time from identification of stone(s) to P-ESWL, y 0.489
0-1 1452 (70.1%) 1045 (70.4%) 407 (69.5%)
1-3 298 (14.4%) 215 (14.5%) 83 (14.2%)
3-5 132 (6.4%) 87 (5.9%) 45 (7.7%)
>5 189 (9.1%) 138 (9.3%) 51 (8.7%)
Number of P-ESWL sessions 2(1,3) 2(1,3) 2(1,3) 0.072
Prophylactic rectal indometacin 307 (14.8%) 222 (14.9%) 85 (14.5%) 0.837
Location of stone(s) 0.433
Head 1453 (70.2%) 1046 (70.4%) 407 (69.5%)
Body/tail 47 (2.3%) 37 (2.5%) 10 (1.7%)
Head and at least another location 571 (27.6%) 402 (27.1%) 169 (28.8%)
Radiological finding of targeted stone(s) 0.048
Radiopaque 2050 (99.0%) 1475 (99.3%) 575 (98.1%)
Radiolucent 4 (0.2%) 2 (0.1%) 2 (0.3%)
Mixed 17 (0.8%) 8 (0.5%) 9 (1.5%)
Diameter of the largest stone(s), cm <0.001
0.5-1 972 (46.9%) 734 (49.4%) 238 (40.6%)
1-2 766 (37.0%) 537 (36.2%) 229 (39.1%)
>2 333 (16.1%) 214 (14.4%) 119 (20.3%)
Exposure time of X-ray in P-ESWL, min 0.416
0-5 1302 (62.9%) 928 (62.5%) 374 (63.8%)
5-10 732 (35.3%) 527 (35.5%) 205 (35.0%)
>10 37 (1.8%) 30 (2.0%) 7 (1.2%)

P-ESWL = extracorporeal shockwave lithotripsy for pancreatic stones, CP = chronic pancreatitis.

Table 3
The frequency and severity of adverse events after P-ESWL.

Adverse events Overall P-ESWL sessions (n = 5002)  First P-ESWL session (n = 2071)  Subsequent P-ESWL sessions (n = 2931) P value

Overall complications 262 (5.2%) 193 (9.3%) 69 (2.4%) <0.001

Post-ESWL pancreatitis 216 (4.3%) 160 (7.7%) 56 (1.9%) <0.001
Mild 149 (68.9%) 106 (66.3%) 43 (76.8%) 0.308*
Moderate 62 (28.7%) 50 (31.3%) 12 (21.4%)

Severe 5(2.3%) 4 (2.5%) 1(1.8%)

Infection 25 (0.50) 19 (0.92) 6 (0.20%) <0.001
Mild 21 (84.0%) 16 (84.2%) 5 (83.3%) 1.000*
Moderate 4 (16.0%) 3 (15.8%) 1(16.7%)

Severe 0 (0.0%) 0 (0.0%) 0 (0.0%)

Bleeding 7 (0.1%) 5(0.2%) 2 (0.1%) 0.134
Mild 4 (57.1%) 2 (40.0%) 2 (100.0%) 1.000*
Moderate 3 (42.9%) 3 (60.0%) 0 (0.0%)

Severe 0 (0.0%) 0 (0.0%) 0 (0.0%)

Perforation 4 (0.1%) 3(0.1%) 1 (0.0%) 0.313
Mild 2 (50.0%) 1(33.3%) 1 (100.0%) 0.429*
Moderate 1 (25.0%) 1 (33.3%) 0 (0.0%)

Severe 1 (25.0%) 1 (33.3%) 0 (0.0%)

Steinstrasse 8 (0.2%) 5 (0.2%) 3 (0.1%) 0.288
Mild 5 (62.5%) 3 (60.0%) 2 (66.7%) 1.000*
Moderate 2 (25.0%) 1 (20.0%) 1 (33.3%)

Severe 1 (12.5%) 1 (20.0%) 0 (0.0%)

Overall TAEs 1047 (20.9%) 547 (26.4%) 500 (17.1%) <0.001

Asymptomatic hyperamylasemia 933 (18.7%) 499 (24.1%) 434 (14.8%) <0.001

Hematuria 61 (1.2%) 26 (1.3%) 35 (1.2%) 0.846

Acute gastrointestinal mucosal injury’ 53 (1.1%) 22 (1.1%) 31 (1.1%) 0.987

P-ESWL = extracorporeal shockwave lithotripsy for pancreatic stones, ESWL = extracorporeal shockwave lithotripsy, TAEs = Transient adverse events. (One patient with
intestinal obstruction (severe) and one with pancreaticobiliary fistula (moderate) were not exhibited in the table.)

* The P value represents the comparison of severity of complications after the first P-ESWL and subsequent P-ESWL sessions.

T Acute gastrointestinal mucosal injury was manifested as hematemesis and melena.

well. In general, the P-ESWL complication rate was 5.2% and the
moderate-to-severe complication rate was 1.6% for the total 5002
P-ESWL procedures. The complication rate was higher after 1st-
P-ESWL procedure, with the total complication rate of 9.3% and
the post-ESWL pancreatitis rate of 7.7%. The overall TAEs rate af-
ter P-ESWL was 20.9% (1047/5002) in which asymptomatic hyper-
amylasemia was the most common TAE with the rate of 18.7%
(933/5002).

420

3.2. Complications and TAEs in multiple P-ESWL sessions

As the number of P-ESWL sessions increased, the complica-
tions and TAEs rate decreased within the first 6 sessions which
accounted for about 98% (4890/5002) P-ESWL sessions (Fig. 1, Sup-
plementary Table 1). Fcor 63 and 28 patients underwent 7 and 8
P-ESWL sessions, post-ESWL pancreatitis occurred in 1 and 2 pa-
tients after the seventh and eighth P-ESWL procedure, respectively,
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Fig. 1. The number and rate of complications and TAEs in patients underwent different P-ESWL sessions. The left vertical coordinate shows the number of patients suffered
from complications and TAEs in those underwent different P-ESWL sessions. The right vertical coordinate shows the complication rate and TAEs rate in different number of
P-ESWL sessions. P-ESWL = extracorporeal shockwave lithotripsy for pancreatic stones, TAEs = transient adverse events.

which led to the increase of the complication rate. When compar- cosal injury between 1st-P-ESWL and subsequent P-ESWL sessions
ing the complications after 1st-P-ESWL session and the subsequent (Table 3).
P-ESWL sessions, subsequent P-ESWL sessions showed lower inci-

dence of overall complications, post-ESWL pancreatitis and infec- 3.3. Risk factors analysis for overall complications after 1st-P-ESWL
tion. No significant difference was observed between incidence of

complications or severity of complications after 1st-P-ESWL ses- All potential risk factors were included in the univariable anal-
sion and subsequent P-ESWL sessions (Table 3). Similarly, the rate ysis. Totally 14 factors were associated with the overall compli-
of asymptomatic hyperamylasemia was higher in 1st-P-ESWL ses- cations after 1st-P-ESWL significantly through univariable analysis
sion than the subsequent P-ESWL sessions and there was no dif- and were enrolled in the multivariable analysis. Finally, four inde-
ference in incidence of hematuria and acute gastrointestinal mu- pendent risk factors were identified as risk factors, including fe-

421
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Forestplot
o value
OR(95% CI Pval
Overall complications
Female gender —_— 1.518 (1.104, 2.089) 0.01
DM - 0.311 (0.189, 0.513) <0.001
Last AP occurred in 3 months pre-ESWL —— 1.402 (1.023, 1.921) 0.035
Pancreaticobiliary maljunction 4.228 (1. 884 9.485) <0.001
Sensitivity analysis
DM _— 0.270 EO 135, 0.540; <0.001
Last AP occurred in 3 months pre-ESWL — 1.737 (1.191, 2.533) 0.004
Post-ESWL pancreatitis
Female gender —_— 1.475 (1.044, 2.084) 0.028
DM i 0.241 (0.129, 0.451) <0.001
Steatorrhea —— 0.508 (0.293, 0.883) 0.016
Last AP occurred in 3 months pre-ESWL —— 1.374 (0.977, 1.933) 0.068
Pancreaticobiliary maljunction 2616 (1.020,6.711) 0.045
Pancreas divisum — 1.966 (1.207, 3.202) 0.007
Sensitivity analysis
DM _— 0.206 (0.089, 0.476) <0.001
Steatorrhea 0.505 (0.264, 0.964) 0.038
Pancreatic pseudocyst at the first P-ESWL —_—— 1.976 (1.166, 3.348) 0.011
Location of stone(s) 0.043
Head —_— 1.960 (1.158, 3.315) 0.012
Body/tail ) 1.658 (0.454, 6.056) 0.444
Head and at least another location Reference
TAEs
Successful MPD surgical drainage —_—— 0.421 (0.240, 0.736) 0.002
- 0.615 (0.474, 0.798) <0.001
H|story of AP — 1.910 (1.517, 2.404) <0.001
Performing the first P-ESWL with pancreatic duct *~#— 0.575 (0.393, 0.842) 0.004
Location of stone(s) .016
Head —— 1.439 (1.122, 1.846) 0.004
Body/tail — 1.344 (0.673, 2.687) 0.402
Head and at least another location Reference
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Fig. 2. The forestplot of independent risk factors for overall complications, post-ESWL pancreatitis and TAEs after the first P-ESWLs and the corresponding sensitivity analysis.
AP = acute pancreatitis, DM = diabetes mellitus, MPD = main pancreatic duct, P-ESWL = extracorporeal shockwave lithotripsy for pancreatic stones; TAEs = transient

adverse events

male gender, diabetes mellitus (DM) pre-ESWL, AP occurred within
3 months pre-ESWL and pancreaticobiliary maljunction (Fig. 2,
Table 4 and Supplementary Table 2).

3.4. Risk factors analysis for post-ESWL complications after
1st-P-ESWL

Totally 160 patients suffered from post-ESWL pancreatitis after
1st-P-ESWL procedure, most of them were mild post-ESWL pan-
creatitis. In total, 13 factors were identified as risk factors for post-
ESWL pancreatitis after 1st-P-ESWL procedure. Finally, 6 factors
were identified as independent risk factors, including female gen-
der, DM pre-ESWL, steatorrhea pre-ESWL, AP occurred within 3
months pre-ESWL, pancreaticobiliary maljunction and pancreas di-
visum (Fig. 2, Table 4 and Supplementary Table 3).

There were 19 patients suffered from infection after 1st-P-ESWL
procedure. Univariable and multivariable Logistics regression anal-
yses showed successful MPD surgical drainage and pancreatico-
biliary maljunction were risk factors for infection after P-ESWL
(Supplementary Table 4). Five patients had bleeding after 1st-P-
ESWL procedure and the Logistics regression analyses showed se-
vere acute pancreatitis history and pancreatic diseases in first-
/second-/third-degree relatives (excluding hereditary CP) were risk
factors for bleeding after P-ESWL (Supplementary Table 5). Three
patients had perforation after 1st-P-ESWL procedure and the Lo-
gistics regression analyses showed multiple stones were protec-
tive factor for perforation after P-ESWL (Supplementary Table 6).
Five patients suffered from steinstrasse after 1st-P-ESWL procedure
and the univariable Logistics regression analyses showed steat-

422

orrhea pre-ESWL and pancreatic diseases in first-/second-/third-
degree relatives (excluding hereditary CP) were risk factors for ste-
instrasse after P-ESWL (Supplementary Table 7). While, only pan-
creatic diseases in first-/second-/third-degree relatives (excluding
hereditary CP) was identified as significant risk factor for stein-
strasse after P-ESWL in multivariable analyses (Supplementary Ta-
ble 7).

3.5. Risk factors analysis for TAEs after 1st-P-ESWL

There were 547 TAEs after the 2071 P-ESWL procedures. In the
univariable analysis, 13 factors were defined as risk factors for TAEs
after 1st-P-ESWL and were included in the multivariable analysis.
And finally, 6 independent risk factors for TAEs after 1st-P-ESWL
were identified including successful MPD surgical drainage, DM
pre-ESWL, history of AP pre-ESWL, performing 1st-P-ESWL with
pancreatic duct, location of stones and diameter of the largest
stones (Fig. 2, Table 4 and Supplementary Table 8).

3.6. Sensitivity analysis

After excluding 634 patients enrolled in the previous study, a
series of sensitivity analysis were conducted. The total complica-
tions and TAEs rate were 4.6% and 21.7%, respectively. The compli-
cations and TAEs rate decreased within the first 6 sessions which
accounted for about 98% (3464/3532) P-ESWL sessions as the num-
ber of P-ESWL sessions increased (Supplementary Figure 1, Supple-
mentary Table 1). The Sensitivity analysis showed DM pre-ESWL
and AP occurred within 3 months pre-ESWL were risk factors for
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Table 4
Risk factors analysis and sensitivity analysis for adverse events in CP patients after the first P-ESWL.

Predictive factors for overall complications in CP patients after the first P-ESWL

Univariate Analysis

Multivariate Analysis

Predictors n (%)

P OR (95% CI) P OR (95% CI)
Female gender 586 (28.3) 0.010 1.504 (1.101, 2.056) 0.010 1.518 (1.104, 2.089)
DMf 502 (24.2) <0.001 0.302 (0.184, 0.496) <0.001 0.311 (0.189, 0.513)
AP occurred within 3 639 (30.9) 0.018 1.450 (1.065, 1.973) 0.035 1.402 (1.023, 1.921)
months pre-ESWLf
Pancreaticobiliary 32 (1.5) <0.001 4.017 (1.831, 8.812) <0.001 4228 (1.884, 9.485)
maljunction
Sensitivity analysis
DMft 325 (22.6) <0.001 0.252 (0.126, 0.502) <0.001 0.270 (0.135, 0.540)
AP occurred within 3 474 (33.0) <0.001 1.888 (1.299, 2.745) 0.004 1.737 (1.191, 2.533)

months pre-ESWL7T

Predictive factors for post-ESWL pancreatitis in CP patients after the first P-ESWL

Predictors n (%) Univariate Analysis Multivariate Analysis

P OR (95% CI) P OR (95% CI)
Female gender 586 (28.3) 0.013 1.534 (1.096, 2.148) 0.028 1.475 (1.044, 2.084)
DMT 502 (24.2) <0.001 0.214 (0.115, 0.397) <0.001 0.241 (0.129, 0.451)
Steatorrheat 406 (19.6) 0.001 0.402 (0.234, 0.692) 0.016 0.508 (0.293, 0.883)
AP occurred within 3 639 (30.9) 0.016 1.505 (1.080, 2.098) 0.068 1.374 (0.977, 1.933)
months pre-ESWL
Pancreaticobiliary 32 (1.5) 0.024 2.825 (1.145, 6.967) 0.045 2.616 (1.020, 6.711)
maljunction
Pancreas divisum 165 (8.0) 0.002 2.091 (1.302, 3.358) 0.007 1.966 (1.207, 3.202)
Sensitivity analysis
DMf 325 (22.6) <0.001 0.177 (0.077, 0.406) <0.001 0.206 (0.089, 0.476)
Steatorrheaf 271 (18.9) 0.012 0.441 (0.233, 0.834) 0.038 0.505 (0.264, 0.964)
Pancreatic pseudocyst 155 (10.8) 0.015 1.894 (1.132, 3.169) 0.011 1.976 (1.166, 3.348)
at the first P-ESWL
Location of stone(s) 0.010 0.043
Head 995 (69.2) 0.003 2.224 (1.324, 3.737) 0.012 1.960 (1.158, 3.315)
Body/tail 31 (2.2) 0.193 2.339 (0.650, 8.422) 0.444 1.658 (0.454, 6.056)
Head and at least 411 (28.6) Reference Reference

another location

Predictive factors for post-ESWL TAEs in CP patients after the first P-ESWL

Predictors n (%) Univariate Analysis Multivariate Analysis
P HR (95% CI) P HR (95% CI)
Successful MPD 112 (5.4) 0.003 0.430 (0.247, 0.748) 0.002 0.421 (0.240, 0.736)
surgical drainagef
DM 502 (24.2) <0.001 0.555 (0.431, 0.715) <0.001 0.615 (0.474, 0.798)
History of APf 1316 (63.5) 0.036 1.991 (1.598, 2.482) <0.001 1.910 (1.517, 2.404)
Performing the first 204 (9.9) 0.006 0.591 (0.406, 0.859) 0.004 0.575 (0.393, 0.842)
P-ESWL with
pancreatic duct
Location of stone(s) <0.001 0.016
Head 1453 (70.2) <0.001 1.672 (1.318, 2.121) 0.004 1.439 (1.122, 1.846)
Body/tail 47 (2.3) 0.159 1.621 (0.827, 3.174) 0.402 1.344 (0.673, 2.687)
Head and at least 571 (27.6) Reference Reference
another location
Diameter of the largest 0.031 0.031
stone(s), cm
0.5-1 972 (46.9) Reference Reference
1-2 766 (37.0) 0.010 0.749 (0.601, 0.933) 0.148 0.845 (0.672, 1.061)
>2 333 (16.1) 0.764 0.958 (0.724, 1.267) 0.122 1.267 (0.939, 1.709)
Sensitivity analysis
Successful MPD 77 (5.4) 0.006 0.415 (0.222, 0.776) 0.005 0.407 (0.216, 0.768)
surgical drainagef
DM{ 325 (22.6) <0.001 0.584 (0.436, 0.782) 0.002 0.630 (0.467, 0.849)
History of AP} 923 (64.2) <0.001 1.835 (1.432, 2.353) <0.001 1.722 (1.335, 2.221)
Prophylactic rectal 283 (19.7) 0.003 0.627 (0.462, 0.850) 0.002 0.618 (0.454, 0.842)
indometacin}
Location of stone(s) <0.001 0.015
Head 995 (69.2) <0.001 1.697 (1.300, 2.214) 0.006 1.474 (1.121, 1.940)
Body/tail 31 (2.2) 0.685 1.189 (0.515, 2.747) 0.935 0.965 (0.411, 2.265)
Head and at least 411 (28.6) Reference Reference

another location

CP = chronic pancreatitis, P-ESWL = extracorporeal shockwave lithotripsy for pancreatic stones, EWSL = extracorporeal shockwave lithotripsy, AP = acute pancreatitis,
DM = diabetes mellitus, MPD = main pancreatic duct, OR = odds ratio, Cl = confidence interval ESWL.
T Before the performance of the first P-ESWL.

423



Y. Liu, J.-H. Yi, P-Y. Wang et al.

overall complications after 1st-P-ESWL (Fig. 2, Table 4 and Sup-
plementary Table 9). For post-ESWL pancreatitis after 1st-P-ESWL,
sensitivity analysis showed DM pre-ESWL, steatorrhea pre-ESWL,
pancreatic pseudosyst at the first P-ESWL and location of stones
were risk factors (Fig. 2, Table 4 and Supplementary Table 10).
Sensitivity analysis showed successful MPD surgical drainage, DM
pre-ESWL, history of AP pre-ESWL, prophylactic rectal indometacin
pre-ESWL and location of stones were risk factors for TAEs after
1st-P-ESWL (Fig. 2, Table 4 and Supplementary Table 11).

4. Discussion

Although P-ESWL has been proved to be a safe minimal invasive
procedure for pancreatic stones larger than 5 mm since it was first
applied in pancreatic stones in 1987, complications and TAEs occa-
sionally emerged and were reported. In this research, the overall
complication rate was 5.2%, in which post-ESWL pancreatitis was
the major complication type with the rate of 4.3%, and the rate
of TAEs was 20.9%. The complication rate was higher after 1st-P-
ESWL procedure with the rate of 9.3% compared with the sub-
sequent P-ESWL sessions and the rate of TAEs after 1st-P-ESWL
procedure was 26.4%. Post-ESWL pancreatitis was also the major
type of complications after 1st-P-ESWL procedure with the rate
of 7.7%.

As the number of P-ESWL sessions increased, the complications
and TAEs rate showed a gradually decreasing trend in general, es-
pecially in the first 6 sessions which accounted for about 98% P-
ESWL sessions. According to Fig. 1, there seemed to be an increase
trend of complication rate after the sixth P-ESWL session. This is
due to the relatively small number of patients underwent more
than 6 sessions of P-ESWL procedures. Thus, even one or two com-
plications would result in a high rate of complications. In addition,
the incidence of overall complications and overall TAEs was lower
in subsequent P-ESWL sessions compared with the first P-ESWL
session. These results reflect multiple P-ESWL sessions did not in-
crease the incidence of complications and TAEs. From this perspec-
tive, the number of P-ESWL sessions could be determined based on
the therapeutic goal, without worrying about whether multiple P-
ESWL procedures would increase the occurrence of complications.

Through univariable and multivariable Logistics analysis, sev-
eral risk factors were identified as predictors for complications and
TAEs after P-ESWL procedures. DM pre-ESWL, which represented
pancreatic endocrine insufficiency, was the common independent
protective factor for overall complications after 1st-P-ESWL proce-
dure, post-ESWL pancreatitis after 1st-P-ESWL procedure, and TAEs
after 1st-P-ESWL procedure. The result was consistent between the
total analysis and sensitivity analysis. This may be caused by the
deterioration of pancreatic function suggested the late phase of
CP. Hence, complications like post-ESWL pancreatitis related to the
function of pancreas were less in patients with pre-ESWL diabetes
compared with those without diabetes. The other aspect of pan-
creatic function, steatorrhea, which represents the severe form of
pancreatic exocrine insufficiency, was identified as the indepen-
dent protective factor for post-ESWL pancreatitis after 1st-P-ESWL
procedure. The results were quite consistent with sensitivity anal-
ysis and the previous studies of our center [7]. While, steatorrhea
was not identified as a protective factor for overall complications
and TAEs. In addition, steatorrhea was not selected out in these
sensitivity analysis. The possible reason may be the low detection
rate of pancreatic exocrine insufficiency in our country five years
ago. The diagnosis of steatorrhea was mainly based on the symp-
toms, thus some patients with steatorrhea were underdiagnosed.
Fecal elastase test is being carried on in our hospital nowadays and
the pancreatic exocrine function may be evaluated better and the
study may be more accurate with the new results in the future.
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Pancreas divisum and pancreaticobiliary maljunction were also
identified as common risk factors for complications, especially for
post-ESWL pancreatitis. This was also in line with the previous
studies [7]. The special anatomy of pancreas divisum and pancre-
aticobiliary maljunction caused difficulty of drainage of pancreatic
fluid, which resulted in higher possibility of pancreatitis [14-19].
Moreover, the fragmented pancreatic stones further increased the
difficulty of pancreatic fluid drainage. Thus, complications such as
post-ESWL pancreatitis were more likely to occur in patients with
such anatomical abnormality.

Prophylactic rectal indomethacin was considered to reduce the
risk of post-ESWL pancreatitis. 14.8% of our patients were enrolled
in the clinical trial of prophylactic rectal indomethacin [20]. While,
in the current study, prophylactic rectal indomethacin was identi-
fied as protective factor for TAEs after 1st-P-ESWL only in the sen-
sitivity analysis but not in other analysis. This may be due to the
relatively small sample size of patients accepted prophylactic rectal
indomethacin in our study.

Some risk factors were not identified as risk factors in sensi-
tivity analysis. This may be due the maturing technical skills of
P-ESWLs. The previous study enrolled patients from March 2011
to June 2013 when P-ESWL was first applied in our hospital as a
new technique. With time going on, patients with some risk fac-
tors were less likely to suffer from post-ESWL complications due
to the technical skills developing and the operating experience ac-
cumulating. From this perspective, the results of the current study
were quite robust and reasonable.

Except for the common complications during the 5002 P-
ESWL procedures, some rare complications also appeared. In our
study, one patient suffered from intestinal obstruction after P-
ESWL, and another patient suffered from pancreaticobiliary fistula.
Some other rare complications by P-ESWL have also been reported,
such as renovascular acute renal failure [21], lung contusion [22],
colonic hematoma [23], transient intussusception [24], mesenteric
hematoma [25], hepatic subcapsular hematoma [26,27], hemor-
rhagic pseudoaneurysms in a pancreatic pseudocyst [28], splenic
abscess [29], etc. Skin erythema and tenderness were seen in most
patients and brought little influence; thus, they were not listed out
or analyzed as a TAE in this study.

The technical success defined by success in stone extraction
was 86.5% which was similar to studies reported by our team pre-
viously [30,31,32]. There are also some other cohort studies re-
ported similar results. The complete stone clearance reported by
Tandan et al. was 72.6% (3722/5124) [33]. Yamamoto S. et al. re-
ported the overall stone clearance was 79% in their study [34].
Bick B.L. et al. reported 86.7% of the patients had success in stone
clearance [35]. Several randomized controlled trials (RCTs) also re-
ported similar efficacy. Cahen et al. reported that complete stone
extraction was accomplished in 89% patients [36]. Issa et al. re-
ported complete ductal clearance was 62% in endoscopically treat-
ment group [37]. In Talukdar et al’s study, 88% patients had com-
plete pancreatic ductal clearance [38]. Hence, the efficacy of P-
ESWL and ERCP reflected by stone clearance rate in our study was
similar to other studies including the RCTs. For patients with failed
stone clearance, surgery is an option for further treatment as it
is recommended by several guidelines [39,40]. Surgical interven-
tion is effective in carefully selected patients, such as patients with
poorly controlled pain, duodenal, biliary and pancreatic duct ob-
struction, and suspicion of cancer. Some RCTs reported the efficacy
of surgery in comparison of endoscopic treatment [36,37]. Though
P-ESWL and endoscopic treatment is considered as first-line treat-
ment in traditional view due to the invasiveness and low compli-
cation rate, surgery first may be a new option for some patients in
the future [39,40].

There were some limitations in the study. First, not all poten-
tial risk factors were enrolled in the risk factor analysis, yet we
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have tried our best to include all the important indicators. Espe-
cially, the data of MPD diameter was incomplete. Among the 2071
patients included in our study, the MPD diameter was measured
for 993 patients (711 male and 282 female). For the 1078 patients,
the MPD dimeter was not evaluated and thus not reported. Due to
the incompletion of the data and the complexity of main pancre-
atic duct morphology, it was not suitable for the risk factor anal-
ysis. Second, the population in this study were all from the single
center where the gastroenterologists were all quite experienced in
performing P-ESWL and ERCP procedures. Thus, the complication
rate could not adequately represent other hospitals in China. Third,
we did not do the subgroup analysis of patients with different age
or comorbidities. While, the Logistic regression analysis revealed
the age and comorbidity index were not risk factors for complica-
tions after P-ESWL.

In conclusion, P-ESWL is a safe minimal invasive treatment for
pancreatic stones in painful CP patients. Post-ESWL pancreatitis is
the most common complication after P-ESWL. The complications
and TAEs rate decreased with the increase of P-ESWL sessions.
Multiple P-ESWL sessions did not increase the complications and
TAEs rate.
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