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Optimal Timing of Endoscopic Intervention After
Extracorporeal Shock-Wave Lithotripsy in the Treatment of

Chronic Calcified Pancreatitis

Ji-Yao Guo, MD,*† Yang-Yang Qian, MD,*† Hui Sun, MD,‡ Hui Chen, MD,*† Wen-Bin Zou, MD,*†

Liang-Hao Hu, MD,*† Zhao-Shen Li, MD,*† Lei Xin, MD,*† and Zhuan Liao, MD*†
Objectives: The interval between extracorporeal shock-wave lithotripsy
(ESWL) and endoscopic retrograde cholangiopancreatography (ERCP)
may cause differences in cannulation and stone removal. This study was
to investigate the optimal timing of ERCP after ESWL.
Methods: Patients with chronic calcified pancreatitis, who underwent
ESWL and subsequent ERCP in Changhai Hospital from February 2012
to February 2015, were retrospectively analyzed. The interval between
ESWL and ERCP was used to divide patients into groups A (<12 hours),
B (12–36 hours), and C (>36 hours). Cannulation success, stone clearance,
and post-ESWL/ERCP complications were compared.
Results: A total of 507 patients were enrolled. There were no significant
differences regarding the successful cannulation and stone removal rates
between the 3 groups. In patients without prior ERCP, the successful can-
nulation rates were 71.4%, 81.9%, and 90.9% (P = 0.004), and the success-
ful clearance rates were 76.2%, 85.1%, and 90.9% (P = 0.031) for these 3
groups, respectively, showing significant differences. There were no differ-
ences in the successful cannulation and stone extraction rates for patients
with prior ERCP.
Conclusions: The interval between ESWL and ERCP in chronic calci-
fied pancreatitis patients with prior ERCP is not relevant, while delaying
endoscopic intervention is recommended in those with native papilla.
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C hronic pancreatitis (CP) is a disease of the pancreas in which
recurrent inflammation results in fibrous connective tissue

replacing the pancreatic parenchyma. Progressive damage of the
pancreatic parenchyma causes failure of exocrine and endocrine
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pancreatic function.1 The incidence of CP worldwide is reported
to be between 1.6 and 23 per 100,000, with an increasing global
prevalence.1,2 Chronic pancreatitis is characterized by the forma-
tion of pancreatic stones, which reportedly develop in 32% to
90% of patients.3,4 Calcifications can develop in up to 90% of
patients with alcoholic CP (ACP), one of the most common etiol-
ogies of chronic calcified pancreatitis (CCP),5 during long-term
follow-up.6

Pain is the main symptom of CCP. The severity and compli-
cations of the pain associated with CCP significantly reduces the
quality of life and life expectancy of patients.7,8 The mechanism
of pain in CCP is poorly understood and is likely multifactorial.
The obstruction of pancreatic juice by stones in the main pancre-
atic duct (MPD) causes hypertension of the pancreatic duct and
pancreatic parenchyma, resulting in hypoperfusion and ischemic
injury of the acinar cells,9–11 which are believed to be the main
causes of pain. Thus, decompression of the MPD by removing
stones can greatly relieve pain and improve clinical symptoms.4,5

Both surgical and endoscopic interventions to manage the pain
from obstructive CCP have been proven effective, while the latest
guidelines recommend endoscopy and extracorporeal shock-wave
lithotripsy (ESWL) as first-line therapies for painful uncomplicated
CCP.12,13 Patients with CCP and pancreatic stones of 5 mm or
greater obstructing the pancreatic duct can undergo ESWL for stone
fragmentation. It is routinely followed by stone extraction via endo-
scopic retrograde cholangiopancreatography (ERCP),4,12 which has
been proven safe and effective, even in pediatric patients.14,15

However, ESWL and ERCP can yield adverse events. Major com-
plications associated with ESWL are post-ESWL pancreatitis,
bleeding, infection, steinstrasse, and perforation.16 Other studies
have reported rare complications such as gastric submucosal hema-
toma17 and mesenteric hematoma after ESWL.18 These complica-
tionsmay affect the success of selective deep cannulation and stone
clearance under subsequent endoscopic treatment.

Complete duct clearance was associated with a better pain re-
duction.19 Endoscopic clearance of stones in CCP patients has been
more successful in clearing solitary stones, stones located in the
pancreatic head, and stones at a density of less than 820.5 Houns-
field units on a computed tomography scan and when a pancreatic
stent has been inserted before ESWL.20–22 Cannulation of theMPD
under ERCP can be a technical challenge even to endoscopists ex-
perienced in pancreatobiliary endoscopy. Successful cannulation of
major papilla has been reported in 90% to 98% of cases, whereas
failure rates of minor papilla cannulation are in the range of 5%
to 10%.23 Risk factors for cannulation failure during ERCP in
CCP patients include pancreatic duct strictures, stones, a pancre-
atic duct with a loop configuration, surgically altered anatomy,
and pancreas divisum.23–25 Early complications after ERCP in pa-
tients with CCP include post-ERCP pancreatitis (PEP), bleeding,
infection, and perforation.26,27 Post-ERCP pancreatitis is the most
common and severe complication after ERCP. Variousmechanisms
have been proposed as the cause of PEP in terms of pancreatic
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injury and early activation of pancreatic enzymes, including me-
chanical trauma, chemical injury, hydrostatic injury, and infec-
tion.28,29 The risk factors for PEP include female sex, a history
of acute pancreatitis or PEP, precut sphincterotomy, and difficult
cannulation.30–32

Edema, which has been reported to be a result of the shock
waves used in ESWL, may make cannulation and stone clearance
of the MPD difficult during ERCP.33 Papillary edema and pancre-
atic edema caused by ESWL increase the difficulty of cannulation
in early ERCP, thereby increasing the risk of PEP.34 Prolonging
the timing of ERCP may relieve edema, thus improving the suc-
cess of ERCP and reducing occurrence of PEP. A retrospective
study reported that delayed ERCP was important to successfully
clear stones from the MPD.33 However, the optimal timing of
ERCP after ESWL is still controversial. Given the potential rela-
tionship between the timing of ERCP after ESWL and the success
of cannulation and stone clearance, as well as the subsequent oc-
currence of PEP, we wanted to investigate the optimal timing of
ERCP after stone disintegration by ESWL.

MATERIALS AND METHODS

Study Design and Patients
All patients between 18 and 75 years of age who underwent

ESWL followed by ERCP for CCP between February 2012 and
February 2015 at the Digestive Endoscopy Center of Changhai
Hospital were retrospectively included, regardless of previous en-
doscopic treatment. Patients with a history of pancreatic surgery
or gastrectomywith Billroth II reconstruction, suspectedmalignant
tumors, or contraindications to ESWL or ERCP (eg, abdominal
aortic aneurysm, pregnancy) were excluded. All patients treated
with ESWL after admission to the hospital were evaluated with
conventional ultrasound, endoscopic ultrasound, computed to-
mography, magnetic resonance imaging, or magnetic retrograde
cholangiopancreatography to confirm the diagnosis of CCP and
determine the duct diameter and the stone size and location be-
fore ESWL.35,36 Extracorporeal shock-wave lithotripsy was per-
formed for the clearance of radiopaque obstructive MPD stones
larger than 5 mm located in the head/body of the pancreas as in-
dicated in the guidelines.11,12 The goal of ESWL was the com-
plete or partial fragmentation of pancreatic duct stones as seen
with fluoroscopy, allowing spontaneous or endoscopic duct clear-
ance. The study involving human participants was approved by
Changhai Institutional Review Board and was performed in ac-
cordance with the ethical standards laid down in the 1964 Decla-
ration of Helsinki and its later amendments. All patients gave
the informed consent for analysis of the medical records during
hospitalization.

Treatment Strategy
Extracorporeal shock-wave lithotripsy was performed by 2

endoscopists (H.C. and L.-H.H) using an electromagnetic litho-
tripter with the ability for bidimensional fluoroscopic targeting.
Intravenous remifentanil combined with dexmedetomidine was
administered for analgesia during the procedure. The fragmenta-
tion of the stoneswasmonitored by fluoroscopy during the ESWL
session. The vital signs of the patients were closely monitored, and
procedure-related parameters, including intensity, frequency, dura-
tion, and fragmentation efficacy, were recorded by the endoscopists
while performing ESWL. Extracorporeal shock-wave lithotripsy
was repeated on consecutive days until the stones had been success-
fully fragmented, defined as stones broken into fragments of 2 mm
or less to 3 mm, or X-rays demonstrated a decrease in stone density,
an increase in stone surface area, and heterogeneity of the stones,
634 www.pancreasjournal.com
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which could fill the MPD and adjacent side branches.12,21 Endo-
scopic retrograde cholangiopancreatography was performed after
ESWL for painful CCP with an obstructedMPD in the head/body
of the pancreas11,12 to clear and visualize the MPD. The timing of
ERCP was decided by the performing endoscopists, and it was
usually less than 2 days after ESWL. Details about the anesthesia
and the operation are provided in the Supplemental Digital Con-
tent (http://links.lww.com/MPA/A866).

To investigate the optimal interval between ESWL and ERCP,
patients were divided into 3 groups depending on the interval they
experienced: group A, less than 12 hours; group B, 12 to 36 hours;
and group C, more than 36 hours, which meant that patients
underwent endoscopic intervention on the same day as ESWL,
the second day after ESWL, or more than 2 days after ESWL.

Outcomes
The primary outcomes were successful cannulation and

successful clearance of MPD stones. Successful cannulation
was defined as the completion of selective cannulation of the
deep pancreatic duct.34 Main pancreatic duct clearance was
classified into complete clearance, defined as the fragmentation
of the pancreatic stones to less than 3 mm and clearance of more
than 90% of the fragments; partial clearance, defined as clearance of
50% to 90% of the fragments; and unsuccessful clearance, defined
as the presence of pancreatic stones of more than 3mm or clearance
of less than 50% of the fragments. Successful clearancewas defined
as the complete or partial clearance of MPD stones.37,38 For sub-
group analysis, patients were further classified according to
whether they had prior endoscopic treatment for CCP.

The secondary outcomes included post-ERCP and post-
ESWL complications, as previously defined by Cotton et al.39

Major post-ERCP complications included PEP, bleeding, infec-
tion, and perforation and were classified as mild, moderate, or se-
vere, depending mainly on the length of hospitalization and the
need for invasive treatment. Post-ESWL complications included
acute pancreatitis, bleeding, infection, steinstrasse, and perfora-
tion and were also classified as mild, moderate, or severe.

Demographic information such as age; sex; the etiology of
the CCP, including idiopathic CP, ACP, and hereditary CP;
smoking; pancreatic duct morphology; location of stones; compli-
cations; and previous treatment obtained from electronic medical
records was also collected and compared with the definitions pre-
sented in the Supplemental Digital Content (http://links.lww.com/
MPA/A866). Pancreatic duct morphology was sorted into as 3
types: simple stones, stones with MPD stricture, and complex le-
sions (patients with stricture, stones, and also ductal dilatation in
the body/tail area of pancreas).40

Statistical Analysis
The baseline characteristics of the 3 groups were compared

using χ2 and Wilcoxon tests. To analyze the primary and second-
ary endpoints, we used χ2 tests or Fisher exact test to determine
the differences in the successful cannulation rate and the successful
rate of MPD stone clearance, with a final 2-tailed P < 0.05 indicat-
ing there was a statistical difference. Dichotomous data are pre-
sented as frequencies, and continuous data are presented as mean
(standard deviation [SD]) or median and interquartile range. Multi-
ple 2-group comparisons of the primary and secondary endpoints
were assessed using a multiple-comparisons Bonferroni test. A P
value (2-tailed) of <0.0167 was considered statistically signifi-
cant.41 Risk factors for successful cannulation and successful stone
clearance were examined by univariate analysis, and those with
P < 0.15 were included in a multivariable logistic regression anal-
ysis using the “Enter” method. Risk factors included in the final
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Baseline Characteristics of the Patients Analyzed
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model are presented as odds ratios with 95% confidence intervals.
All statistical analyses were performed using IBM SPSS Statistics
version 23.0 (IBM Corp, Armonk, NY).
Characteristics, n (%)
Group A
(n = 128)

Group B
(n = 161)

Group C
(n = 218) P

Age, y 0.627
≤20 0 (0.0) 2 (1.2) 5 (2.3)
21–40 29 (22.7) 44 (27.3) 58 (26.6)
41–60 77 (60.2) 85 (52.8) 116 (53.2)
>60 22 (17.2) 30 (18.6) 39 (17.9)

Sex 0.096
Male 100 (78.1) 120 (74.5) 148 (67.9)
Female 28 (21.9) 41 (25.5) 70 (32.1)

Etiology 0.438
ICP 71 (55.5) 102 (63.4) 139 (63.8)
ACP 46 (35.9) 50 (31.1) 57 (26.1)
HCP 2 (1.6) 3 (1.9) 6 (2.8)
Pancreas divisum 5 (3.9) 5 (3.1) 12 (5.5)
Other* 4 (3.1) 1 (0.6) 4 (1.8)

Smoking 67 (52.3) 90 (55.9) 118 (54.1) 0.833
Pancreatic duct
morphology

0.082

Simple stones 32 (25.0) 42 (26.1) 47 (21.6)
Stones with
MPD stricture

72 (56.3) 97 (60.2) 150 (68.8)

Complex lesions 24 (18.8) 22 (13.7) 21 (9.6)
Location of stones 0.239
Head 100 (78.1) 115 (71.4) 163 (74.8)
Body/tail 1 (0.8) 2 (1.2) 8 (3.7)
Mixed 27 (21.1) 44 (27.3) 47 (21.6)

Complication
Diabetes mellitus 35 (27.3) 53 (32.9) 52 (23.9) 0.149
Steatorrhea 26 (20.3) 39 (24.2) 47 (21.6) 0.706
Duodenal stenosis 1 (0.8) 0 0 0.227
Pseudocysts 14 (10.9) 17 (10.6) 23 (10.6) 0.993
Biliary stricture 3 (2.3) 2 (1.2) 3 (1.4) 0.720
Portal hypertension 2 (1.6) 3 (1.9) 3 (1.4) 0.932

ESWL sessions,
mean (SD)

1.82 (0.99) 1.86 (0.89) 1.83 (0.85) 0.940

*Including hyperlipidemia and trauma.

HCP indicates hereditary CP; ICP, idiopathic CP.
RESULTS

Baseline Characteristics
From February 2012 to February 2015, the records of 507

consecutive patients with CCP (368 [72.6%] were men and 139
[27.4%] were women) were retrospectively analyzed. The mean
age of the patients was 43 (SD, 13.7) years. The main etiologies
were as follows: 312 cases (61.5%) of idiopathic CP, 153 cases
(30.2%) of ACP, and 22 cases (4.3%) of anatomic variants of
the pancreatic duct.

Overall, 128 (25.2%), 161 (31.8%), and 218 (43.0%) patients
underwent ERCP less than 12 hours after ESWL (group A), 12 to
36 hours after ESWL (group B), and more than 36 hours after
ESWL (group C), respectively. Before admission to the hospital,
267 patients had not undergone a prior ERCP, and 240 patients
had undergone a prior ERCP (eg, pancreatic sphincterotomy, dila-
tation of stricture, or stent placement) for painful CCP with an
obstructed MPD in the head/body of the pancreas11,12 and were
readmitted because of a recurrence of symptoms or failure of the
previous ERCP mainly due to large pancreatic stone of more than
5 mm.

The 3 groups were balanced with respect to their baseline
characteristics (all P > 0.05) (Table 1).

Cannulation and Stone Clearance Rates
Table 2 presents the primary outcomes of the study. Cannula-

tion was successful in 102 patients in group A (79.7%), 140 in
group B (87.0%), and 190 in group C (87.2%), and stones were
successfully cleared from the MPD in 105 (82.0%), 142 (88.2%),
and 193 (88.5%) patients in groups A, B, and C, respectively.
There was no statistical difference in the success of MPD cannula-
tion (P = 0.126) and stone clearance (P = 0.184) with respect to the
timing of ERCP after ESWL.

There was no statistical difference in the success rates of
MPD cannulation and stone clearance between the 3 groups in
the 240 patients who had undergone ERCP before admission
(P > 0.05 for both). For patients without a prior history of ERCP,
the success rates of cannulation (P = 0.004) and stone clearance
(P = 0.005) were significantly higher the longer ERCP was de-
layed: 71.4% and 76.2% in group A, 81.9% and 85.1% in group
B, and 90.9% and 93.6% in group C, respectively. The success
rate significantly improved as the interval between ESWL and
ERCP increased.

For 2-group comparisons, the success rates of cannulation
(P = 0.001) and stone clearance (P = 0.001) for group C were sig-
nificantly higher than those for group A. No significant difference
in success rates was observed between groups A and B and be-
tween groups B and C.

Incidence of PEP and Post-ESWL Complications
Of the 507 enrolled patients, 21 (4.1%) developed PEP, with

7 (5.5%), 5 (3.1%), and 9 (4.1%) patients in groups A, B, and C,
respectively. No PEP case was severe, and all patients recovered
with conservative treatment. Therewere no occurrences of perfora-
tion, bleeding, or infection. There was no statistically significant
difference in the incidence of PEP between the 3 groups or between
the patients who did and did not undergo prior ERCP (Table 3).

A total of 932 ESWL sessions were administered to the 507
patients, with 206 (40.6%) having 1 session, 212 (41.8%) having
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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2 sessions, 66 (13.0%) having 3 sessions, and 23 (4.5%) having 4
or more sessions. Most post-ESWL adverse events were transient,
including 33 cases of asymptomatic hyperamylasemia, 2 cases of
hematuria, and 3 cases of positive fecal occult blood, all of which
resolved spontaneously within 48 hours after ESWL. Post-ESWL
complications occurred in 63 cases (12.4%), the most common
being acute pancreatitis, all of which were classified as mild.
There was no significant difference between the 3 groups with re-
spect to post-ESWL complications (Table 4).
Risk Factors for Primary Outcomes
We performed a risk factor analysis for successful cannula-

tion and successful stone clearance (Table 5). In univariate anal-
ysis of successful cannulation, 3 variables, including pancreatic
duct morphology, location of stones, and timing of ERCP after
ESWL, showed P < 0.15. These 3 factors were used to establish
a multivariate model. Ultimately, only pancreatic duct morphol-
ogy was recognized as the risk factor for successful cannulation
www.pancreasjournal.com 635
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TABLE 4. Incidence of Post-ESWL Complications

Timing of ERCP
After ESWL

Post-ESWL
Complications, n (%) P

Overall 0.440
<12 h (n = 128) 13 (10.2)
12–36 h (n = 161) 19 (11.8)
>36 h (n = 218) 32 (14.7)

Patients with prior ERCP 0.076
<12 h (n = 65) 4 (6.2)
12–36 h (n = 67) 13 (19.4)
>36 h (n = 108) 14 (13.0)

Patients without prior ERCP 0.084
<12 h (n = 63) 9 (14.3)
12–36 h (n = 94) 6 (6.4)
>36 h (n = 110) 18 (16.4)

TABLE 2. Comparison of the Successful Cannulation and Stone
Clearance Rates in Different Groups

Timing of
ERCPAfter
ESWL

Successful
Cannulation
Rate, n (%) P

Successful Stone
Clearance
Rate, n (%) P

Overall 0.126 0.184
<12 h (n = 128) 102 (79.7) 105 (82.0)
12–36 h (n = 161) 140 (87.0) 142 (88.2)
>36 h (n = 218) 190 (87.2) 193 (88.5)

Patients with prior ERCP 0.115 0.208
<12 h (n = 65) 57 (87.7) 57 (87.7)
12–36 h (n = 67) 63 (94.0) 62 (92.5)
>36 h (n = 108) 90 (83.3) 90 (83.3)

Patients without prior ERCP 0.004 0.005
<12 h (n = 63) 45 (71.4) 48 (76.2)
12–36 h (n = 94) 77 (81.9) 80 (85.1)
>36 h (n = 110) 100 (90.9)* 103 (93.6)*

*P = 0.001 between groups C and A.
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(P < 0.001). In univariate analysis of successful stone clearance,
the same 3 variables, including pancreatic duct morphology, loca-
tion of stones, and timing of ERCP after ESWL, showed P < 0.15.
These 3 factors were used to establish a multivariate model. Ulti-
mately, only pancreatic duct morphology was recognized as the
risk factor for successful stone clearance (P < 0.001).
DISCUSSION
Main pancreatic duct stones may greatly contribute to pain

and other symptoms related to pancreatic ductal hypertension;
thus, stone removal is the main goal in the treatment of CCP. As
it is safe, effective, and minimally invasive, ESWL combined with
ERCP has been recommended as first-line therapy for painful un-
complicated CCP with an obstructed MPD in the head and body
of the pancreas. Small stones can be removed directly during en-
doscopic treatment, whereas larger stones need to be fragmented
via ESWL before endoscopic extraction.21,22,42,43 A prior study
argued that ESWL alone provided pain relief similar to that of
ESWL combined with ERCP in patients with CCP.44 In clinical
TABLE 3. Incidence of PEP With Respect to the Different
Intervals Between ERCP and ESWL

Timing of ERCPAfter ESWL PEP, n (%) P

Overall 0.606
<12 h (n = 128) 7 (5.5)
12–36 h (n = 161) 5 (3.1)
>36 h (n = 218) 9 (4.1)

Patients with prior ERCP 0.574
<12 h (n = 65) 2 (3.1)
12–36 h (n = 67) 4 (6.0)
>36 h (n = 108) 3 (2.8)

Patients without prior ERCP 0.082
<12 h (n = 63) 5 (7.9)
12–36 h (n = 94) 1 (1.1)
>36 h (n = 110) 6 (5.5)
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practice, ERCP is routinely performed after ESWL as complete
stone removal is associated with better abdominal pain relief,
but its optimal timing is still a great concern, and studies that fo-
cused on the timing of ERCP after ESWL are few. In this retro-
spective study, we found no significant difference in the success
of MPD cannulation and stone clearance in the 507 enrolled pa-
tients with respect to the timing of ERCP. Notably, in patients with
native papilla and no prior history of ERCP, the success rates of
cannulation and stone extraction were significantly higher when
ERCP was performed more than 36 hours after ESWL.

A published study claimed that the timing of ERCP after
ESWL may be an important factor to the successful clearance of
stones from the MPD.33 Merrill et al33 retrospectively enrolled
30 patients with CCP and divided them into an early-ERCP group
(up to 2 days after ESWL) and a delayed-ERCP group (>2 days
after ESWL) and found that the rate of complete MPD clearance
was significantly higher in the delayed-ERCP group. However,
only patients who had initially undergone unsuccessful ERCP
and required subsequent ESWL for stone disintegration were en-
rolled in the study, and the details about endoscopic intervention
before ESWL were not provided. In our study, subgroup analysis
found that patients who had ERCP before admission to the hospi-
tal had successful cannulation and stone clearance with early
ERCP, that is, less than 12 hours after ESWL, a finding different
from that of Merrill and colleagues'33 study. In addition to the
timing of ERCP, other studies reported other factors associated
with successful endoscopic clearance of stone fragments after
ESWL, including the following: there was only 1 stone, the stones
were located in the pancreatic head, stone density was less than
820.5 Hounsfield units on a computed tomography scan, and a
pancreatic stent had been inserted before ESWL.20–22 These fac-
tors may partly explain the different results among the studies.
In multivariate analysis of our study, complex lesion was identi-
fied to be the only risk factor for successful cannulation and suc-
cessful stone clearance. Previous studies demonstrated that failed
stone extraction was associated with stones of more than 10 mm
and location upstream from a stricture,45,46 and risk factors for
cannulation failure included pancreatic duct strictures and
stones.23,25 Those results were consistent with our findings.

The incidence of post-ESWL complications in the 3 groups
was not significantly different in our study. Edema from shock
waves in the area of the papilla and pancreatic duct, one of the ad-
verse events of ESWL, can interfere with access to the pancreatic
duct and stone removal.33 In our study, the cannulation of and the
stone clearance from the MPD were similarly successful in
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Univariate and Multivariate Analyses of Factors Affecting the Successful Cannulation and Successful Stone Clearance

Variables

Successful Cannulation Successful Stone Clearance

Univariate Multivariate Univariate Multivariate

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

Sex, female 1.04 (0.60–1.79) 0.902 0.95 (0.54–1.68) 0.853
Prior ERCP 1.42 (0.86–2.34) 0.169 1.05 (0.63–1.76) 0.851
Pancreatic duct morphology <0.001 <0.001 <0.001 <0.001
Simple stones Reference Reference Reference Reference
Stones with MPD stricture 0.87 (0.43–1.73) 0.681 0.86 (0.43–1.72) 0.673 0.75 (0.34–1.62) 0.459 0.74 (0.34–1.62) 0.452
Complex lesions 0.16 (0.07–0.35) <0.001 0.18 (0.08–0.39) <0.001 0.12 (0.05–0.28) <0.001 0.13 (0.06–0.31) <0.001

Location of stones 0.091 0.151 0.103 0.180
Head Reference Reference Reference Reference
Body/tail 0.51 (0.13–1.99) 0.334 0.70 (0.16–3.06) 0.637 0.29 (0.08–1.03) 0.056 0.38 (0.09–1.54) 0.173
Mixed 1.88 (0.95–3.69) 0.070 1.66 (0.83–3.35) 0.155 2.02 (0.97–4.22) 0.062 1.77 (0.82–3.80) 0.144

Volume of ESWL 0.97 (0.80–1.17) 0.767 1.04 (0.84–1.27) 0.736
Timing of ERCP after ESWL 0.081 0.147 0.109 0.223
<12 h Reference Reference Reference Reference
12–36 h 1.70 (0.91–3.19) 0.099 1.55 (0.80–3.00) 0.194 1.64 (0.85–3.16) 0.142 1.49 (0.74–3.00) 0.270
>36 h 1.73 (0.96–3.11) 0.067 1.50 (0.80–2.78) 0.203 1.69 (0.92–3.13) 0.094 1.47 (0.76–2.85) 0.254

OR indicates odds ratio; CI, confidence interval.
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patients with a history of ERCP, regardless of the timing of ERCP
after ESWL, because the effect of edema might have been com-
pensated for by the previous endoscopic intervention, including
sphincterotomy and pancreatic stenting.

The risk factors for PEP include female sex, a history of
acute pancreatitis or PEP, precut sphincterotomy, and difficult
cannulation.30–32 Papillary and pancreatic edema caused by
ESWL increases the difficulty of cannulation in early ERCP,
thus increasing the risk of PEP. Therefore, extending the interval
between ESWL and ERCP may reduce the risk of PEP. The lack
of a significant difference in the occurrence of PEP in the 3
groups of our study may be partly the result of the small sample
size; however, delayed ERCP theoretically is preferred because
the risk factors for PEP can be complex.

There are some limitations to this study. First, successful can-
nulation and clearance ofMPD stoneswere considered the primary
outcomes. Comparison of clinical success with pain alleviation, the
actual purpose of treatment, is also indispensable. With the limited
data available, we could not prove that there was a difference in the
clinical outcomes of our patients with respect to the timing of
ERCP, especially in those with different success rates of cannula-
tion and clearance of MPD. Second, because this was a retrospec-
tive study, detailed documentation of prior endoscopic intervention
was lacking. Thus, we could not accurately determine the relation-
ship between technical success and prior intervention or even per-
form a comprehensive analysis of the relationship between the
timing of ERCP and post-ERCP complications given the various
risk factors. In addition, the range of time between ESWL and
ERCPwas too broad to pinpoint an ideal interval. The interval be-
tween ESWL and ERCP in group A ranged from 30 minutes to
12 hours; thus, it was not possible to accurately determine the
“windowof time” between the performance of ESWL and the for-
mation of papillary edema.

It has been argued that delaying ERCP after ESWL helps re-
duce duodenal papillary and pancreatic tissue edema and improves
the success of endoscopic stone extraction, while it has also been ar-
gued that there is a “window of time” between ESWL and the for-
mation of duodenal papillary edema. However, performing ERCP
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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immediately after ESWL may cause a double attack on the pan-
creas, increasing post-ERCP complications. Thus, the effect of
same-session ESWL and ERCP warrants further validation. In
conclusion, the interval between ESWL and ERCP for patients
who have undergone ERCP previously does not affect the suc-
cess rate of cannulation and stone removal from the MPD. How-
ever, in patients without prior endoscopic intervention, delaying
ERCP may greatly improve the success rate of cannulation and
stone removal from the MPD.
REFERENCES
1. Majumder S, Chari ST. Chronic pancreatitis. Lancet. 2016;387:

1957–1966.

2. Levy P, Dominguez-Munoz E, Imrie C, et al. Epidemiology of chronic
pancreatitis: burden of the disease and consequences. United European
Gastroenterol J. 2014;2:345–354.

3. Maydeo A, Soehendra N, Reddy N, et al. Endotherapy for chronic
pancreatitis with intracanalar stones. Endoscopy. 2007;39:653–658.

4. Issa Y, Bruno MJ, Bakker OJ, et al. Treatment options for chronic
pancreatitis. Nat Rev Gastroenterol Hepatol. 2014;11:556–564.

5. Moole H, Jaeger A, Bechtold ML, et al. Success of extracorporeal shock
wave lithotripsy in chronic calcific pancreatitis management: a
meta-analysis and systematic review. Pancreas. 2016;45:651–658.

6. Ammann RW, Muench R, Otto R, et al. Evolution and regression of
pancreatic calcification in chronic pancreatitis. A prospective long-term
study of 107 patients. Gastroenterology. 1988;95:1018–1028.

7. Hoffmeister A, Mayerle J, Beglinger C, et al. English language version of
the S3-consensus guidelines on chronic pancreatitis: definition, aetiology,
diagnostic examinations, medical, endoscopic and surgical management of
chronic pancreatitis. Z Gastroenterol. 2015;53:1447–1495.

8. Olesen SS, Juel J, Nielsen AK, et al. Pain severity reduces life quality in
chronic pancreatitis: implications for design of future outcome trials.
Pancreatology. 2014;14:497–502.

9. Drewes AM, Krarup AL, Detlefsen S, et al. Pain in chronic pancreatitis: the
role of neuropathic pain mechanisms. Gut. 2008;57:1616–1627.
www.pancreasjournal.com 637

Health, Inc. All rights reserved.

http://www.pancreasjournal.com


Guo et al Pancreas • Volume 50, Number 4, April 2021
10. Poulsen JL, Olesen SS, Malver LP, et al. Pain and chronic pancreatitis: a
complex interplay of multiple mechanisms. World J Gastroenterol. 2013;
19:7282–7291.

11. Lohr JM, Dominguez-Munoz E, Rosendahl J, et al. United European
Gastroenterology evidence-based guidelines for the diagnosis and therapy
of chronic pancreatitis (HaPanEU). United European Gastroenterol J.
2017;5:153–199.

12. Dumonceau JM, Delhaye M, Tringali A, et al. Endoscopic treatment of
chronic pancreatitis: European Society of Gastrointestinal Endoscopy
(ESGE) guideline—updated August 2018. Endoscopy. 2019;51:179–193.

13. Drewes AM, Bouwense SAW, Campbell CM, et al. Guidelines for the
understanding and management of pain in chronic pancreatitis.
Pancreatology. 2017;17:720–731.

14. Oracz G, Pertkiewicz J, Kierkus J, et al. Efficiency of pancreatic duct
stenting therapy in children with chronic pancreatitis. Gastrointest Endosc.
2014;80:1022–1029.

15. Wang D, Bi YW, Ji JT, et al. Extracorporeal shock wave lithotripsy is safe
and effective for pediatric patients with chronic pancreatitis. Endoscopy.
2017;49:447–455.

16. Li BR, Liao Z, Du TT, et al. Risk factors for complications of pancreatic
extracorporeal shock wave lithotripsy. Endoscopy. 2014;46:1092–1100.

17. Nayak HK, Krishna VP, Mohindra S, et al. Gastric submucosal hematoma:
an unusual complication of extracorporeal shockwave lithotripsy.
Am J Gastroenterol. 2016;111:1679.

18. Liu Y, Hao L, Wang LS, et al. Large mesenteric hematoma after
extracorporeal shock wave lithotripsy for pancreatic stones: a case report.
Medicine (Baltimore). 2018;97:e13114.

19. Issa Y, Kempeneers MA, Bruno MJ, et al. Effect of early surgery vs
endoscopy-first approach on pain in patients with chronic pancreatitis: the
ESCAPE randomized clinical trial. JAMA. 2020;323:237–247.

20. Ohyama H, Mikata R, Ishihara T, et al. Efficacy of stone density on
noncontrast computed tomography in predicting the outcome of
extracorporeal shock wave lithotripsy for patients with pancreatic stones.
Pancreas. 2015;44:422–428.

21. Hu LH, Ye B, Yang YG, et al. Extracorporeal shock wave lithotripsy for
Chinese patients with pancreatic stones: a prospective study of 214 cases.
Pancreas. 2016;45:298–305.

22. Korpela T, Udd M, Tenca A, et al. Long-term results of combined ESWL
and ERCP treatment of chronic calcific pancreatitis. Scand JGastroenterol.
2016;51:866–871.

23. Barkay O, Sherman S, McHenry L, et al. Therapeutic EUS-assisted
endoscopic retrograde pancreatography after failed pancreatic duct
cannulation at ERCP. Gastrointest Endosc. 2010;71:1166–1173.

24. Barkay O, Fogel EL, Watkins JL, et al. Endoscopic retrograde
pancreatography. Clin Gastroenterol Hepatol. 2009;7:931–943.

25. Tringali A, Boskoski I, Costamagna G. The role of endoscopy in the
therapy of chronic pancreatitis.Best Pract Res ClinGastroenterol. 2008;22:
145–165.

26. Jafri M, Sachdev A, Sadiq J, et al. Efficacy of endotherapy in the treatment
of pain associated with chronic pancreatitis: a systematic review and
meta-analysis. JOP. 2017;18:125–132.

27. Choi EK, Lehman GA. Update on endoscopic management of main
pancreatic duct stones in chronic calcific pancreatitis.Korean J InternMed.
2012;27:20–29.
638 www.pancreasjournal.com

Copyright © 2021 Wolters Kluwer H
28. Shih HY, Hsu WH, Kuo CH. Postendoscopic retrograde
cholangiopancreatography pancreatitis. Kaohsiung J Med Sci.
2019;35:195–201.

29. Parekh PJ, Majithia R, Sikka SK, et al. The “scope” of post-ERCP
pancreatitis.Mayo Clin Proc. 2017;92:434–448.

30. Zhao ZH, Hu LH, Ren HB, et al. Incidence and risk factors for
post-ERCP pancreatitis in chronic pancreatitis. Gastrointest Endosc.
2017;86:519–524.e511.

31. Williams EJ, Taylor S, Fairclough P, et al. Risk factors for complication
following ERCP; results of a large-scale, prospective multicenter study.
Endoscopy. 2007;39:793–801.

32. Wang P, Li ZS, Liu F, et al. Risk factors for ERCP-related complications: a
prospective multicenter study. Am J Gastroenterol. 2009;104:31–40.

33. Merrill JT, Mullady DK, Early DS, et al. Timing of endoscopy after
extracorporeal shock wave lithotripsy for chronic pancreatitis. Pancreas.
2011;40:1087–1090.

34. Testoni PA, Testoni S, Giussani A. Difficult biliary cannulation during
ERCP: how to facilitate biliary access and minimize the risk of post-ERCP
pancreatitis. Dig Liver Dis. 2011;43:596–603.

35. Gardner TB, Adler DG, Forsmark CE, et al. ACG clinical guideline:
chronic pancreatitis. Am J Gastroenterol. 2020;115:322–339.

36. Kichler A, Jang S. Chronic pancreatitis: epidemiology, diagnosis, and
management updates. Drugs. 2020;80:1155–1168.

37. Mchenry L, Watkins JL, Kopecky K, et al. Extracorporeal shock-wave
lithoptripsy for pancreatic calculi: a 10-year experience at a single U.S.
center. Gastrointest Endosc. 2004;59:P205–P205.

38. Tandan M, Reddy DN, Santosh D, et al. Extracorporeal shock wave
lithotripsy and endotherapy for pancreatic calculi—a large single center
experience. Indian J Gastroenterol. 2010;29:143–148.

39. Cotton PB, Lehman G, Vennes J, et al. Endoscopic sphincterotomy
complications and their management: an attempt at consensus.Gastrointest
Endosc. 1991;37:383–393.

40. Rosch T, Daniel S, Scholz M, et al. Endoscopic treatment of chronic
pancreatitis: a multicenter study of 1000 patients with long-term follow-up.
Endoscopy. 2002;34:765–771.

41. Meulendijks D, Henricks LM, Sonke GS, et al. Clinical relevance of DPYD
variants c.1679T>G, c.1236G>A/HapB3, and c.1601G>A as predictors of
severe fluoropyrimidine-associated toxicity: a systematic review and
meta-analysis of individual patient data. Lancet Oncol. 2015;16:
1639–1650.

42. Jiang L, Ning D, Cheng Q, et al. Endoscopic versus surgical drainage
treatment of calcific chronic pancreatitis. Int J Surg. 2018;54:242–247.

43. Seven G, Schreiner MA, Ross AS, et al. Long-term outcomes associated
with pancreatic extracorporeal shock wave lithotripsy for chronic calcific
pancreatitis. Gastrointest Endosc. 2012;75:997–1004.e1001.

44. Dumonceau JM, Costamagna G, Tringali A, et al. Treatment for painful
calcified chronic pancreatitis: extracorporeal shock wave lithotripsy versus
endoscopic treatment: a randomised controlled trial. Gut. 2007;56:
545–552.

45. Sherman S, Lehman GA, Hawes RH, et al. Pancreatic ductal stones:
frequency of successful endoscopic removal and improvement in
symptoms. Gastrointest Endosc. 1991;37:511–517.

46. Suzuki Y, Sugiyama M, Inui K, et al. Management for pancreatolithiasis: a
Japanese multicenter study. Pancreas. 2013;42:584–588.
© 2021 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.

http://www.pancreasjournal.com

