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Abstract
Background: 100mg rectal nonsteroidal anti-inflammatory drugs (NSAIDs) and pancreatic stents both significantly reduce the
incidence of post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis. Direct comparison of randomized
controlled trials (RCTs) between them in high-risk patients is absent. We conducted this network meta-analysis to indirectly compare
the efficacies of 100mg rectal NSAIDs and pancreatic stents in preventing post-ERCP pancreatitis (PEP) in high-risk patients and
help us decide which is preferred in clinical practice.

Methods: A comprehensive search was done to identify RCTs published in English full-text. Interventions included 100mg rectal
NSAIDs (diclofenac or indomethacin) and pancreatic stents. Only studies with high-risk patients of PEPwere included. Meta-analyses
of NSAIDs and pancreatic stents were conducted respectively. A network meta-analysis using the Bayesian method was performed.

Results:We included 14 RCTs, 8 on pancreatic stents and 6 on 100mg rectal NSAIDs in high-risk patients. There was no direct
comparison between them. After excluding an outlier study on NSAIDs (n=144), meta-analyses showed they both significantly and
statistically reduced the incidence of PEP in high-risk patients (pancreatic stents: n=8 studies, random-effects risk ratio (RR)0.41,
95%CI 0.30–0.56, I2=0%; NSAIDs: n=5 studies, random-effects RR 0.37, 95%CI 0.25–0.54, I2=0%). And network meta-analysis
showed efficacy of 100mg rectal NSAIDs was equal to pancreatic stents (random-effects RR 0.94, 95%CI 0.50–1.8).

Conclusions: The efficacy of 100mg rectal NSAIDs (diclofenac or indomethacin) seems equally significant to pancreatic stents in
preventing PEP in high-risk patients. Considering the cost-effectiveness and safety, 100mg diclofenac or indomethacin may be
preferred.

Abbreviations: CI = confidence interval, ERCP = endoscopic retrograde cholangiopancreatography, ESGE = European Society
of Gastrointestinal Endoscopy, GRADE = Grading of Recommendations Assessment, Development and Evaluation NSAID:
nonsteroidal anti-inflammatory drug, PEP = post-ERCP pancreatitis, PS = pancreatic stenting/stent, RCT = randomized controlled
trial, RR = risk ratio.
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1. Introduction

It is widely accepted that endoscopic retrograde cholangiopan-
creatography (ERCP) plays an important role in the investigation
and treatment of biliary and pancreatic diseases. Post-ERCP
pancreatitis (PEP) is the most common major complication. It is
usually defined as “new or worsened abdominal pain combined
with>3 times the normal value of amylase or lipase at more than
24hours after ERCP and requirement of admission or prolonga-
tion of a planned admission.”[1] The incidence of PEP reported
ranges from 3.5% to 9.7% in average-risk patients and as high as
25% to 70%[2] in high-risk patients, which related to risk factors
on patient, procedure and endoscopist. Patient-related risk
factors include suspected sphincter of Oddi dysfunction, female
sex, previous pancreatitis, previous PEP, younger age, nondilated
extrahepatic bile duct, absence of chronic pancreatitis, normal
serum bilirubin, end-stage renal disease.[1] Procedure-related risk
factors include difficult cannulation, pancreatic guidewire
passages>1, pancreatic injection, precut sphincterotomy, pan-
creatic sphincterotomy, biliary balloon sphincter dilation, failure
to clear bile duct stones, intraductal ultrasound.[1] PEP is mostly
mild and only 0.1% to 0.7% of patients die from PEP.[1]

However, due to the wide application of ERCP, the total number
of patients with PEP is large, which adds a heavy burden to
patients and the society.
Mechanisms of PEP may contain impaired pancreatic duct

drainage, activation of prostaglandin and prostacyclin cascades,
and pancreatic tissue ischemia.[3] Though many strategies
including pancreatic stent, allopurinol, diclofenac, indomethacin,
octreotide,somatostatin, gabexate, glyceryl trinitrate, ulinastatin,
and nafamostat have been reported to prevent PEP or reduce the
severity of PEP, the updated European Society of Gastrointestinal
Endoscopy (ESGE) guideline only strongly recommends rectal
administration of 100mg diclofenac or indomethacin in all
patients, aggressive hydration with lactated Ringer’s solution in
patients with contraindication to nonsteroidal anti-inflammatory
drugs (NSAIDs), and prophylactic pancreatic stenting in selected
high risk patients for PEP. Pancreatic stenting (PS) maintains
pancreatic drainage, and rectal NSAIDs may inhibit the
activation of prostaglandin and prostacyclin cascades. Several
recent studies indicated the combination of rectal NSAIDs and PS
did not add benefit compared with rectal NSAIDs or PS alone.[3–
6] So which better prevents PEP in patients at high risk for PEP
remains a question considering the cost-effectiveness and rectal
NSAIDs’ notable efficacy in average-risk patients. In the absence
of direct comparison of randomized controlled trial (RCTs)
between 100mg rectal NSAIDs (diclofenac or indomethacin) and
PS, we performed this network meta-analysis. We hope it can
clarify the role of rectal NSAIDs and PS in reducing the risk of
PEP in high-risk patients and help us decide which is preferred in
clinical practise.
2. Materials and methods

2.1. Protocol

The meta-analysis was performed according to the recommen-
dations of the Cochrane Handbook and followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(http://www.prisma-statement.org/PRISMAStatement/) and Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses for Network Meta-analyses (http://www.prisma-state
ment.org/Extensions/NetworkMetaAnalysis). Ethical approval
2

was not provided because this study was conducted by including
published studies.

2.2. Search strategy

A comprehensive search was conducted independently by 2
authors in PubMed, Embase, Cochrane Library Central up to
January 12, 2020. The search terms included “ERCP, endoscopic
retrograde cholangiopancreatography, pancreatitis, NSAIDs,
nonsteroidal anti-inflammatory drugs, diclofenac, indomethacin,
and stent. RCT filters were incorporated into the search strategy.
2.3. Inclusion and exclusion criteria

The studies were selected when meeting all of the following
criteria:
(1)
 human RCTs comparing the incidence of PEP between 100
mg rectal NSAID (diclofenac or indomethacin) or PS and
placebo or no treatment;
(2)
 Studies enrolling patients at high-risk of PEP;

(3)
 Full-length English articles.

We excluded the studies meeting any of the following criteria:
(1)
 Non-RCT;

(2)
 Studies on oral or intravenous or intramuscular NSAID and

other NSAIDs such as ketoprofen, naproxen, valdecoxib,
flurbiprofen;
(3)
 Studies enrolling patients at low-risk or average-risk of PEP.

2.4. Data extraction

Two authors extracted independently the original data such as
the first author, publication year, country, sample size, types of
NSAIDs, drug dose, type of PS, and the incidence of PEP in each
group. We contacted the author of the article to obtain original
data when needed, and excluded the study if missing data could
not be obtained. Conflicts in data extraction were resolved by a
consensus.

2.5. Risk of bias assessment

Two authors assessed independently the quality of the studies
using the Cochrane Collaboration’s ‘Risk of Bias’ tool 2.0.[7]

Conflicts were resolved by a consensus.

2.6. Statistical analysis

Meta-analyses of NSAIDs and PS were performed by using the
ReviewManager (RevMan) version 5.3 software. Risk ratio (RR)
with a 95% confidence interval (CI) were used to describe
dichotomous outcomes. A random-effects model was used to
pool the results. The heterogeneity among studies was evaluated
by Cochran Q statistical test and Higgin test (I2). P< .1 was
considered as statistical significance. The interpretation of I2 was
as follows: 0% to 40% indicated heterogeneity might not be
important; 30% to 60% might be moderate heterogeneity; 50%
to 90%might represent substantial heterogeneity; 75% to 100%
represented considerable heterogeneity. A sensitivity analysis was
conducted if needed. A funnel plot analysis was performed to
assess publication bias. The GRADE (Grading of Recommen-
dations Assessment, Development and Evaluation) approach was
used to summarize the findings. The network meta-analysis of

http://www.prisma-statement.org/PRISMAStatement/
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Table 1

Summary characteristics of included studies on pancreatic stents.

Ref. Year Country Sample size no stent (n) Sample size Stent (n) Total (n) Types of pancreatic stent

Ito39 2010 Japan 35 35 70 5fr, 4 cm with a single duodenal pig tail
Kawaguchi40 2012 Japan 60 60 120 5fr, 3 cm with two flanges on the duodenal side
Lee41 2012 South Korea 51 50 101 unflanged 3fr, 4, 6, or 8 cm duodenal pig tail stent
Pan2 2011 China 20 20 40 5fr single pig tail
Phillip42 2019 Europe 80 87 167 5 French plastic pancreatic stent of various length
Sofuni43 2011 Japan 204 203 407 5Fr, 3cm with 2 flanges on the duodenal side
Tarnasky44 1998 USA 39 41 80 5 or 7Fr, 2 or 2.5 cm
Yin45 2016 China 102 104 206 5Fr, 5, 7, or 9 cm
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indirect evidence using the Bayesian method was performed using
JAGS, RStudio, R (version: x64 3.6.2) with the gemtc package
with a random-effect model.
3. Results

3.1. Selected study and characteristics of the trials

We identified 1740 records through database searching and
excluded 237 duplicate articles. We retrieved the titles and
abstracts of the remaining 1503 records and left 32 articles which
met the selection criteria. From the 32 articles, 2 studies on low
dose (50mg) rectal diclofenac were excluded.[8,9] A study
comparing pharmacological prophylaxis and pancreatic duct
stenting plus pharmacological prophylaxis was excluded.[3] A
study was excluded because PEP was defined in the study by
“abdominal pain with elevated serum lipase or amylase no less
than 2 times the normal upper limit”,[10] which was loose
compared with the usual definition (abdominal pain with
elevated serum lipase more than 3 times the normal upper limit)
and probably produced a higher incidence of PEP. Seven studies
enrolling patients at low-risk or average-risk of PEP were
excluded.[11–17] Six retrospective studies were excluded.[4,6,18–21]

A study on rectal indomethacin in high-risk population was
excluded because >80 of the patients compared received a
prophylactic pancreatic stent because the endoscopist deemed the
case high-risk to merit a pancreatic stent.[22] We also contacted
the author of a study[23] to obtain the detailed data we needed in
the meta-analysis. Finally, 14 RCTs including 8 on PS versus no
stent and 6 on 100mg rectal NSAIDs versus placebo in patients at
high-risk of PEP were included in the network meta-analysis
(Tables 1 and 2). Notably, there was no direct comparison
between 100mg rectal NSAIDs (diclofenac or indomethacin) and
PS in high-risk patients. The selection process is shown in
Figure 1.
Table 2

Summary characteristics of included studies on rectal NSAIDs.

Ref. Year Country Sample size Placebo (n) Sample siz

Andrade-Dávila[46] 2015 Mexico 84
Elmunzer[47] 2013 USA 58
Khoshbaten[48] 2008 Iran 50
Lua[24] 2015 Malaysia 75
Murray[49] 2003 Scotland 110
Patai[23] 2015 Hungary 222

ERCP= endoscopic retrograde cholangiopancreatography, NSAIDs=nonsteroidal anti-inflammatory drug
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3.2. Methodological quality and risk of bias

Two authors evaluated methodological quality of the studies
using the Cochrane Collaboration’s ‘Risk of Bias’ tool 2.0. Each
study was given a summary assessment of low, unclear, or high
risk of bias. Overview of methodological quality of the studies
included on pancreatic stent and rectal NSAIDs were presented in
Figures 2 and 3.
3.3. Efficacy of PS(comparison with no stent)

As show in Figure 4, PEP occurred in 48 (8.00%) patients who
underwent pancreatic stenting, and 124 (20.98%) patients who
did not. The heterogeneity was low (I2=0%, P= .49). The
incidence of PEP was significantly reduced in patients who
underwent pancreatic stenting than in the patients who did not
(RR=0.41; 95%CI: 0.30–0.56) with a moderate GRADE of
evidence (Fig. 5). We did not perform a funnel plot analysis since
publication bias could not be assessed with acceptable certainty
in case of less than 10 studies.

3.4. Efficacy of 100mg rectal NSAIDs (comparison with
placebo)

As show in Figure 6, PEP occurred in 39 (6.76%) patients who
underwent 100mg rectal NSAID administration, and 98
(16.36%) patients who did not. The heterogeneity was moderate
(I2=48%, P= .09). An outlier was identified from the forest plot.
We reassessed the study and found it had some limitations. We
excluded it (Lua 201524) and ran another analysis (Fig. 7). The
heterogeneity of new analysis was very low (I2=0%, P= .57) The
incidence of PEP was significantly and statistically reduced in
patients who underwent 100mg rectal NSAID administration
than the patients who did not (RR=0.37; 95%CI: 0.25–0.54)
with amoderate GRADE of evidence (Fig. 8).We did not perform
a funnel plot analysis since publication bias could not be assessed
with acceptable certainty in case of less than 10 studies.
e NSAIDs (n) Total (n) Types of NSAIDs

82 166 100mg rectal indomethacin immediately after ERCP
48 106 100mg rectal indomethacin immediately after ERCP
50 100 100mg rectal diclofenac immediately after ERCP
69 144 100mg rectal diclofenac immediately after ERCP
110 220 100mg rectal diclofenac immediately after ERCP
218 440 100mg rectal indomethacin within 1 h before ERCP

s.

http://www.md-journal.com


Figure 1. Flowchart of the selection process.
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3.5. Comparative effectiveness

A network meta-analysis without the outlier study above[24]

using the Bayesian method were performed using R with the
gemtc package with a random-effect model. A network graph of
the included studies is presented in Figure 9. There was no direct
comparison of RCTs between 100mg rectal NSAIDs (diclofenac
or indomethacin) and PS. We found the efficacy of 100mg rectal
NSAID was equal to pancreatic stents (random-effects RR 0.94,
95%CI 0.50–1.8) (Table 3).

4. Discussion

PS placement has been used to prevent PEP for a long time. Meta-
analyses reported that prophylactic PS was beneficial in
unselected as well as average-risk and high-risk patients.[25–27]

PS placement is really challenging because it can induce injury
to the pancreatic orifice and failure of placement actually
increases risk of PEP. In recent years, rectal NSAIDs were proved
4

to be effective in average-risk and high-risk patients.[28,29] Rectal
NSAIDs are cheap and of low risk. Meta-analyses showed
that the overall rates of adverse events in the NSAIDs groups
versus control groups were found no significant difference, as
well as the specific complications such as gastrointestinal
bleeding, renal dysfunctions and anal itching.[1] NSAIDs might
cause fatal allergic and pseudoallergic reactions (Stevens–
Johnson and Lyell’s syndromes) but they are extremely rare.[1]

ESGE recommends against prophylaxis of NSAIDs in patients
and first-degree relatives with a history of Stevens–Johnson
or Lyell’s syndromes caused by NSAIDs.[1] Considering the
fetal risks of complications such as premature closure of
ductus arteriosus, prophylaxis of NSAIDs in women at more
than 30-week gestation should be avoided.[1] Besides, it seems to
be a tempting prophylactic method for PEP. Notably, several
recent studies indicated the combination of rectal NSAIDs and
PS did not add benefit compared with rectal NSAIDs or PS
alone.[3–6] So we performed this network meta-analysis to



Figure 2. Consensus risk of bias assessment of the included studies on pancreatic stent. Green, low risk; yellow, unclear; red, high risk.
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compare the efficacies of two prophylactic methods and identify
the better one.
There were several important points in the study selection.

First is the definition of PEP. It is usually defined as
abdominal pain combined with elevation of serum amylase
or lipase>3 times the normal value, so we excluded a study in
the selection in case of a higher incidence of PEP due to its
definition of PEP with elevated serum lipase or amylase
more than 2 times the normal value.[10] Second is the definition
of high-risk. The updated ESGE Guideline suggests that
patients with at least 1 definite or 2 likely patient-related or
procedure-related risk factors should be considered to be at
high risk for PEP.[1] The criterion of high-risk patients used in
the original studies were very close.We excluded the studies on
low-risk and average-risk patients because rectal NSAIDs
were proved to be easy to use, cheap, effective, and of low risk
5

in these patients. Third is that NSAIDs should be 100mg
diclofenac or indomethacin. Meta-analyses showed that only
the rectal route was effective among the various routes of
NSAID administration.[1] Diclofenac and indomethacin were
themost frequent and effective NSAIDs, and the most frequent
dosage was 100mg for both drugs in the RCTs includ-
ed.[28,30,31] The efficacy of low-dose rectal NSAIDs is
controversial.[8,9] Other NSAIDs such as ketoprofen and
valdecoxib are probably not effective.[31] The timing of rectal
administration of NSAIDs may also make a difference. The
findings of meta-analyses which suggested a higher efficacy of
NSAIDs before or after ERCP were affected by factors such as
the numbers of included studies other than drug efficacy.[1]

The number of studies included in our meta-analysis were 6,
only 1 of which was within 1h before ERCP and others were
immediately after ERCP, so we did not perform the subgroup

http://www.md-journal.com


Figure 3. Consensus risk of bias assessment of the included studies on rectal nonsteroidal anti-inflammatory drugs (diclofenac or indomethacin). Green, low risk;
yellow, unclear; red, high risk.

Figure 4. Forest plot of comparison of incidence of post-endoscopic retrograde cholangiopancreatography pancreatitis between pancreatic stent and no stent in
high-risk patients. PS=pancreatic stent.

Shou-xin et al. Medicine (2020) 99:42 Medicine
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Figure 5. Pancreatic stent significantly reduced the incidence of post-endoscopic retrograde cholangiopancreatography pancreatitis in high-risk patients with a
moderate GRADE of evidence. ERCP=endoscopic retrograde cholangiopancreatography, GRADE=Grading of Recommendations Assessment, Development
and Evaluation.

Figure 6. Forest plot of comparison of incidence of post-endoscopic retrograde cholangiopancreatography pancreatitis between 100mg rectal nonsteroidal anti-
inflammatory drugs (diclofenac or indomethacin) and placebo in high-risk patients. NSAIDs=nonsteroidal anti-inflammatory drugs.

Shou-xin et al. Medicine (2020) 99:42 www.md-journal.com
meta-analysis based on different timing of administration of
NSAIDs.
We included 14 randomized clinical trials, 8 on PS versus no

stent and 6 on 100mg rectal NSAIDs versus placebo in patients
Figure 7. Forest plot of comparison of incidence of post-endoscopic retrograde ch
inflammatory drugs (diclofenac or indomethacin) and placebo in high-risk patients a

7

with high-risk of PEP. There was no direct comparison between
100mg rectal NSAIDs (diclofenac or indomethacin) and PS in
high-risk patients. Meta-analyses showed that both 100mg rectal
NSAIDs and PS alone significantly and statistically lower the
olangiopancreatography pancreatitis between 100mg rectal nonsteroidal anti-
fter excluding the outlier study. NSAIDs=nonsteroidal anti-inflammatory drugs.

http://www.md-journal.com


Figure 8. Nonsteroidal anti-inflammatory drugs (diclofenac or indomethacin) significantly reduced the incidence of post-endoscopic retrograde
cholangiopancreatography pancreatitis in high-risk patients with a moderate GRADE of evidence. ERCP=endoscopic retrograde cholangiopancreatography,
GRADE=Grading of Recommendations Assessment, Development and Evaluation, NSAIDs=nonsteroidal anti-inflammatory drugs (diclofenac or indomethacin).
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incidence of PEP in high-risk populations with a moderate
GRADE of evidence. The network meta-analysis showed efficacy
of 100mg rectal NSAIDs was equal to PS. Considering the cost-
effectiveness and safety, 100mg diclofenac or indomethacin may
be better.
The heterogeneity across the 8 trials on PS was very low. But

the heterogeneity across the 6 trials on NSAIDs was moderate
(I2=48%, P= .09). Further analysis of the outlier study indicated
several limitations of the study. First, it was a single-blinded
design. Second, 7 of 151 patients were excluded because they
were lost during the follow up, and the characteristics such as
female sex, dilated ducts, pancreatography, placement of
Figure 9. Network graph of the included studies. The thicknesses of the lines
represented the number of comparisons. NSAIDs, nonsteroidal anti-
inflammatory drugs (diclofenac or indomethacin); PS, pancreatic stent.

8

pancreatic stent in the rest patients of diclofenac group and
control group were different. Notably, pancreatic stents were
placed in 4 cases of the diclofenac group (5.8%) as a prophylactic
measure of PEP and not in the control group. Among these 4
cases, 2 developed PEP.[24] Third, the overall incidence of PEP in
the study was much lower than other studies in high-risk patients
and the sample size was not adequate to generate statistical power
due to the low incidence of PEP. Considering these we excluded it
and ran another analysis. The heterogeneity of new analysis was
very low (I2=0%, P= .57).
This study has some limitations. First, all RCTs involved in this

study were full-texts written in English. Second, the number of
included studies was small and publication bias might existed.
Third, the type of PS was not exactly same among the RCTs.
Stents of 5-Fr diameter were found to be more efficacious than
3-Fr stents and stent length of 3cmmight be superior to 5cm1. An
internal flange could facilitate spontaneous elimination and a
duodenal pigtail or flange could prevent intraductal migration.
Fourth, secondary outcome measures such as the proportion of
patients in each group with moderate and severe PEP and
treatment-related adverse events were not reported in our study,
which may limit clinical application of these measures.
Our network meta-analysis is better than other 2 network

meta-analyses comparing the efficacies of rectal NSAIDs
(diclofenac or indomethacin) and PS in high-risk patients in
terms of quality of evidence. The network meta-analysis in
Table 3

Network meta-analysis without the outlier study.

Comparison RR 95% CI

NSAIDs vs Control 0.32 0.18–0.51
PS vs Control 0.34 0.21–0.49
NSAIDs vs PS 0.94 0.50–1.8

CI= confidence Interval, NSAIDs=nonsteroidal anti-inflammatory drugs, PS=pancreatic stents,
RR= risk ratio.
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2013[25] mixed several observational studies in RCTs. And it only
included 2 studies comparing NSAIDs with placebo in high-risk
patients and examined the efficacies of rectal NSAIDs and PS
among mixed average-risk and high-risk cohorts. And the recent
network meta-analysis[32] mixed with 4 studies[12,13,16,33] in
unselected patients in the rectal NSAIDs group and 1 study[9] on
low-dose rectal NSAID. One study[34] included on NSAID was
published in Hungarian and was one part of another study
included.[13] One study[35] on prophylactic PS for endoscopic
snare excision of duodenal ampulla should be abandoned
because the procedure greatly changed the form of the Vater
papilla and the sample size was only 19. Two studies[10,36] which
defined PEP with a lower criterion (serum lipase or amylase more
than 2 times the normal upper limit) were also included
improperly.
Though patients enrolled in the RCTs included in our analyses

were all at high-risk of PEP, there may still have been substantial
difference in the baseline risks among the RCTs. So we expect an
accumulation of RCTs directly comparing 100mg rectal NSAIDs
and PS in high-risk populations besides the 2 actively recruiting
clinical trials.[37,38] Furthermore, NSAIDs cannot eliminate the
risk of PEP, PS may still be important in the patients with some
specific risk factors which need to be explored.

5. Conclusions

The efficacy of 100mg rectal NSAIDs (diclofenac or indometha-
cin) seems equally significant to pancreatic stents in preventing
PEP in high-risk patients. Considering the cost-effectiveness and
safety, 100mg diclofenac or indomethacin may be preferred.
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