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Abstract
AIM: To investigate the effect of nonsteroidal anti-
inflammatory drugs (NSAIDs) on the incidence of post-
endoscopic retrograde cholangiopancreatography 
(ERCP) pancreatitis (PEP).

METHODS: Two independent reviewers searched Pub
Med (1966 to October 2013), Embase (1984 to October 
2013) and the Cochrane Central Register of Controlled 
Trials (CENTRAL; Issue 4, 2013) for relevant random-
ized controlled trials (RCTs) studying the effectiveness 
of prophylactic NSAID administration in the prevention 
of PEP. Using the Cochrane Collaboration Handbook, 
meta-analyses were conducted to evaluate the overall 
effect of NSAIDs in preventing the incidences of PEP 
and moderate to severe pancreatitis.

RESULTS: Eight RCTs were identified from the litera-
ture search and included 1883 patients that underwent 
ERCP, with 971 patients in the NSAID group and 912 
patients in the placebo group. Sixty-nine out of 971 
(7.11%) patients developed PEP in the NSAID group 
in comparison to 143 out of 912 (15.68%) patients in 

the placebo group. The pooled RR of PEP incidence 
with prophylactic NSAID administration was 0.43 
(95%CI: 0.33-0.56), which demonstrates that NSAID 
administration after ERCP significantly reduced the in-
cidence of PEP when compared to the placebo group 
(P  < 0.0001). Subgroup analysis was performed and 
revealed that the presence (NSAID group) or absence 
(placebo group) of NSAIDs had no significant effect on 
the development of moderate to severe pancreatitis 
(RR = 0.79, 95%CI: 0.52-1.18). Moreover, the admin-
istration of NSAIDs as a rectal suppository (RR = 0.35, 
95%CI: 0.26-0.48; P  < 0.0001) was more effective 
than oral administration (RR = 0.97, 95%CI: 0.53-1.80) 
or through infusion (RR = 0.43, 95%CI: 0.12-1.54).

CONCLUSION: NSAIDs effectively reduce the incidence 
of PEP but not of moderate to severe pancreatitis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This meta-analysis was designed to compare 
the incidence of post-endoscopic retrograde cholangio-
pancreatography (ERCP) pancreatitis (PEP) in the pres-
ence or absence of prophylactic nonsteroidal anti-in-
flammatory drug (NSAID) administration after ERCP. A 
total of eight studies were included in the pooled anal-
ysis and contained 1883 patients that underwent ERCP 
with 971 patients in the NSAID group and 912 patients 
in the control group. Patients receiving NSAIDs after 
ERCP had a reduced incidence of PEP when compared 
with the placebo group, though NSAID administration 
did not reduce the incidence of moderate to severe 
pancreatitis.
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INTRODUCTION
Acute pancreatitis, a common adverse event occurring 
after endoscopic retrograde cholangiopancreatography 
(ERCP), has puzzled endoscopic experts for several years. 
The incidence of  post-ERCP pancreatitis (PEP) ranges 
from 2.1% to 39%[1]. A majority of  PEP episodes are 
associated with mild pancreatitis. In a small percentage 
of  cases, however, patients develop moderate to severe 
pancreatitis, which is associated with systemic inflamma-
tory responses and multiple organ failure that ultimately 
increase the risk for morbidity and mortality. Currently, 
the pathogenesis of  PEP is poorly understood. It is 
hypothesized that mechanical, thermal, chemical and hy-
drostatic injuries induce a cascade reaction that leads to 
intracellular pancreatic enzyme self-activation, ultimately 
causing autodigestion of  the pancreas and inflammation 
due to the release of  bioactive substances[2,3]. Several fac-
tors have been associated with an increased risk for PEP 
such as sphincter of  Oddi dysfunction, female sex, pre-
cut sphincterotomy, and injection of  pancreatic contrast 
agents[2]. Patients harboring these risk factors are more 
likely to suffer from PEP[4].

The incidence of  PEP accompanied by substantial 
morbidity or occasional mortality has become an ob-
stacle for clinicians treating patients after ERCP, and 
effective strategies to prevent PEP still are lacking[5]. 
Thus, considerable effort has been devoted to developing 
strategies to reduce or even eliminate the incidence of  
PEP[6]. Studies and clinical trials have investigated the ef-
fects of  pancreatic stents, pancreatic enzyme inhibitors, 
and somatostatin analogues on PEP, but the results are 
still controversial[7,8].

Previous studies have reported that nonsteroidal 
anti-inflammatory drug (NSAID) administration may 
prevent PEP through the inhibition of  prostaglandins, 
phospholipase A2 and neutrophil-endothelial interac-
tions[7,9,10]. Although several systematic reviews have 
been performed to explore the efficacy of  NSAIDs in 
the prevention of  PEP[11-13], the benefit of  prophylactic 
NSAID administration in reduction of  PEP incidence is 
still controversial. To this end, we performed an updated 
meta-analysis to evaluate the effectiveness of  NSAIDs in 
preventing PEP.

MATERIALS AND METHODS
Search strategy
Clinical research evaluating the effects of  prophylactic 
NSAID administration on PEP incidence was searched 
from PubMed (1966 to October 2013), Embase (1984 to 
October 2013) and Cochrane Library biomedical litera-

ture databases (CENTRAL; Cochrane Controlled trials 
Register: Issue 4, 2013) by two independent review-
ers (Li X and Tao LP; educated through a series of  
evidence-based medicine classes) using the following key 
words: nonsteroidal anti-inflammatory drugs, NSAID, 
diclofenac, indomethacin, ERCP, endoscopic retrograde 
cholangiopancreatography, pancreatitis, PEP and post-
endoscopic retrograde cholangiopancreatography pan-
creatitis. To ensure all relevant citations were included in 
this study, the reference lists from relevant articles were 
manually screened. This meta-analysis was limited to 
clinical and human studies.

Inclusion criteria
The following inclusion criteria were applied to select the 
studies for this meta-analysis: (1) randomized controlled 
trials (RCTs) involving NSAIDs vs placebo groups in 
PEP prevention; (2) human studies; (3) participants old-
er than 14 years; (4) patients who had undergone ERCP; 
and (5) published outcomes assessing the NSAID ef-
fectiveness in PEP prevention. The following exclusion 
criteria were applied: (1) incomplete RCTs; (2) repetitive 
reports; and (3) different co-interventions between the 
intervention arms. Two researchers independently re-
viewed the titles and abstracts of  relevant articles based 
on the aforementioned inclusion and exclusion criteria. 
Discrepancies encountered by the reviewers were dis-
cussed and resolved through consultation with endo-
scopic experts to reach a consensus.

Data extraction
Relevant data, including number of  patients, incidence 
of  PEP, NSAID dose and route of  administration, were 
independently extracted from the selected trials by the 
two reviewers (Li X and Tao LP). Disagreements or un-
certainties were discussed until consensus was achieved.

Subgroup and sensitivity analyses
To evaluate potential clinical heterogeneity, sensitivity 
and subgroup analyses were performed to identify dif-
ferences in treatment protocols. The following subgroup 
and sensitivity analyses were performed: (1) NSAID 
administration route; (2) PEP definition; (3) research set-
ting; and (4) NSAID dosage.

Publication bias
To determine if  publication bias was present, a funnel 
plot of  effect size against sample size was generated for 
the studies included in the meta-analysis, allowing the log 
standard error to be mapped against the log odds ratio 
for each individual study.

Statistical analysis
RevMan 5.0 software (Cochrane Collaboration, Oxford, 
United States) was used in this meta-analysis to generate 
fixed-effects and random-effects models according to 
the Cochrane Handbook for Systematic Reviews of  In-
terventions (version 5.1.0). Pooled risk ratios (RRs) were 
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calculated using a general inverse variance fixed-effects 
model. χ 2 tests with a P value less than 0.05 and a Hig-
gins I2 value of  less than 50% classified the included tri-
als as homogenous. If  the chi-square test revealed study 
heterogeneity (P < 0.05, I2

 > 50%), a random-effects 
model was applied. Pooled RRs were presented as stan-
dard plots with 95%CIs. To avoid the possibility of  clini-
cal heterogeneity with respect to study population and 
therapeutic modality, pooling was not implemented and 
the results were instead assessed by subgroup analyses or 
descriptive statistics.

RESULTS
Study characteristics and assessment
The initial search of  PubMed, Embase and CENTRAL 
identified 205 relevant articles. After applying the inclu-
sion and exclusion criteria, eight studies were selected 
for this meta-analysis. The details of  study selection are 
summarized in Figure 1. All eight articles were RCTs 
that investigated the effect of  NSAIDs on PEP pre-
vention[5,9,14-19]. The main characteristics of  the eligible 
studies are presented in Table 1. Quality assessment was 
performed according to the Cochrane Handbook for 
Systematic Reviews of  Interventions and the details are 
shown in Table 2. None of  the included studies had sig-
nificant flaws in methodology.

Meta-analysis of NSAID effectiveness in PEP prevention
The eight included studies had a total of  1883 participants, 
with 212 suffering from PEP. Of  the 212 PEP patients, 
69 were in the NSAID group and 143 were in the placebo 

group. Results of  a χ 2 test indicated that there was no 
heterogeneity among the studies (χ 2 = 10.68; df = 7, I2 = 
34%). Thus, a fixed-effects model was applied and demon-
strated that NSAIDs significantly reduced the incidence of  
PEP when compared to the placebo group (pooled RR = 
0.43, 95%CI: 0.33-0.56; P < 0.001) (Figure 2).

Meta-analysis of PEP severity
Six of  the eight articles explored the severity of  PEP 
and provided details as to whether it was mild, moderate 
or severe[5,9,14,17-19]. Two meta-analyses were conducted to 
evaluate the effect of  NSAID administration on PEP se-
verity. The first meta-analysis revealed that prophylactic 
NSAID administration did not prevent mild PEP when 
compared with the placebo group (OR = 1.14, 95%CI: 
0.91-1.42) (Figure 3). Evaluation of  the incidence of  
moderate to severe PEP in the presence or absence of  
NSAIDs showed that there was no significant effect on 
the PEP incidence (pooled OR = 0.79, 95%CI: 0.52-1.18) 
(Figure 4). There was no significant heterogeneity in the 
mild PEP cases (df = 5, I2 = 0%) or moderate to severe 
PEP cases (df = 4, I2 = 0%).

Subgroup and sensitivity analyses
To take into account differences between the included 
studies, we performed sensitivity and subgroup analyses 
(Table 3). Different NSAID administration routes were 
used between the studies. A total of  six studies[5,9,14,16,18,19] 
administered NSAIDs as a rectal suppository and a sub-
group analysis revealed that this route of  administration 
significantly reduced PEP incidence (RR = 0.35, 95%CI: 
0.25-0.49; P < 0.0001). No significant heterogeneity was 
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Initial search
n  = 205

Titles and abstracts screened
n  = 57

Full-text articles screened
n  = 25

Included articles
n  = 8

Duplicates: n  = 18

Excluded: n  = 32
Studies not RCP
Studies not pertinent to NSAIDS
Studies not pertinent to PEP

Excluded: n  = 17
Reviews: n  = 10
NSAIDS combination: n  = 2
Letters: n  = 4
None RCT: n  = 1

Figure 1  Schematic representation of the article screening process. RCP: Rretrograde cholangiopancreatography; NSAID: Nonsteroidal anti-inflammatory drug; 
PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis.
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Table 2  Quality assessments of the included studies

Table 1  Characteristics of the included articles  n  (%)

identified among these six trials (df = 5, I2 = 0%). Only 
two articles, however, evaluated oral administration[17] or 
intramuscular infusion[15] of  NSAIDs and these studies 
contained less than 300 participants. After including the 
article by Cheon et al[17], a sensitivity analysis was per-
formed and identified significant heterogeneity. The P 
value for the chi-square test changed from 0.74 to 0.11 

and the I2 value changed from 0% to 42%, which dem-
onstrated that heterogeneity existed for this article.

Varying definitions of  PEP may affect the pooled ef-
fects of  included articles. Thus, a sensitivity analysis was 
performed to evaluate if  the definition of  PEP affected 
its incidence with or without NSAID administration. Six 
of  the eight studies defined PEP in accordance with the 
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Ref. Year Country Setting Number of 
patients

NSAID dose and duration PEP in NSAID 
group

PEP in placebo 
group

Murray et al[18] 2003 Scotland Single center 220 Suppository, 100 mg after ERCP   7 (6.4)  17 (15.5)
Cheon et al[17] 2007 United States Single center 207 Oral, 50 mg before and after ERCP   17 (16.2)  17 (16.7)
Sotoudehmanesh et al[9] 2007 Iran Single center 480 Suppository, 100 mg before ERCP   7 (2.8)  15 (6.1)
Montaño Loza et al[19] 2007 Mexico Single center 150 Suppository, 100 mg before ERCP   4 (5.3) -
Khoshbaten et al[16] 2008 Iran Single center 100 Suppository, 100 mg after ERCP   2 (4.0)  13 (26.0)
Senol et al[15] 2009 Turkey Single center   80 Infusion, 75 mg after ERCP   3 (7.5)    7 (17.5)
Elmunzer et al[14] 2012 United States Multi-center 602 Suppository, 50 mg after ERCP 27 (9.1)  52 (25.1)
Otsuka et al[5] 2012 Japan Single center 104 Suppository, 50 mg before ERCP   2 (3.9)  10 (18.9)

ERCP: Endoscopic retrograde cholangiopancreatography; NSAID: Nonsteroidal anti-inflammatory drug; PEP: Post-endoscopic retrograde cholangiopan-
creatography pancreatitis.

Ref. Random sequence 
generation

Allocation 
concealment

Blinding of participants 
and personnel

Blinding of 
outcome

Incomplete 
outcome data

Selective reporting

Murray et al[18] Mentioned, not 
described

Described Mentioned, not described Not mentioned Completed Not mentioned

Cheon et al[17] Described Described Mentioned, not described Mentioned, not 
described

Completed Not mentioned

Sotoudehmanesh et al[9] Mentioned, not 
described

Mentioned, not 
described

Mentioned, not described Described Completed Not mentioned

Montaño Loza et al[19] Mentioned, not 
described

Not mentioned Not mentioned Not mentioned Completed Not mentioned

Khoshbaten et al[16] Mentioned, not 
described

Not mentioned Mentioned, not described Not mentioned Completed Not mentioned

Senol et al[15] Mentioned, not 
described

Not mentioned Not mentioned Not, mentioned Completed Not mentioned

Elmunzer et al[14] Mentioned, not 
described

Not mentioned Described Described Completed Not mentioned

Otsuka et al[5] Mentioned, not 
described

Mentioned, not 
described

Not mentioned Not mentioned Completed Not mentioned

NSAIDs Placebo Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI Year M-H, fixed, 95%CI
Murray, 2003   7 110   17 110   11.2% 0.41 [0.18, 0.95] 2003
Montano, 2007   4   75   12   75     7.9% 0.33 [0.11, 0.99] 2007
Cheon, 2007 17 105   17 102   11.4% 0.97 [0.53, 1.80] 2007
Sotoudehmanesh, 2007   7 245   15 275     9.3% 0.52 [0.22, 1.26] 2007
Khoshbaten, 2008   2   50   13   50     8.6% 0.15 [0.04, 0.65] 2008
Senol, 2009   3   40     7   40     4.6% 0.43 [0.12, 1.54] 2009
Otsuka, 2012   2   51   10   53     6.5% 0.21 [0.05, 0.90] 2012
Elmunzer, 2012 27 295   52 207   40.4% 0.36 [0.24, 0.56] 2012

Total (95%CI) 971 912 100.0% 0.43 [0.33, 0.56]
Total events 69 143
Heterogeneity: χ 2 = 10.68, df = 7 (P  = 0.15); I 2 = 34%
Test for overall effect: Z  = 6.18 (P  < 0.00001) 0.001              0.1       1        10                1000

   Favours experimental  Favours control

Figure 2  Meta-analysis of the effect of prophylactic nonsteroidal anti-inflammatory drug administration on post-endoscopic retrograde cholangiopancrea-
tography pancreatitis incidence. A fixed-effect model was applied to this pooled meta-analysis, which included eight articles, to analyze the effect of prophylactic 
nonsteroidal anti-inflammatory drug (NSAID) administration on post-endoscopic retrograde cholangiopancreatography pancreatitis incidence.
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Table 3  Subgroup and sensitivity analyses to evaluate the effect of nonsteroidal anti-inflammatory drug administration on post-
endoscopic retrograde cholangiopancreatography pancreatitis prevention

consensus established by Cotton et al[10]. With this analy-
sis, a significant reduction was found in the incidence of  
PEP in the NSAID group vs the placebo group (OR = 
0.46, 95%CI: 0.34-0.61; P < 0.0001).

Adverse effects of NSAIDs
NSAID-related adverse effects were only reported by 
Elmunzer et al[14]. Eleven bleeding events were noted in 
four patients in the NSAID group while seven bleeding 
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NSAIDs Placebo Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI Year M-H, fixed, 95%CI
Murray, 2003   7     7 15   17   18.8% 1.09 [0.84, 1.41] 2003
Sotoudehmanesh, 2007   7     7 10   15   13.8% 1.43 [0.96, 2.13] 2007
Montano, 2007   4   75   4   75     7.9% 1.00 [0.26, 3.85] 2007
Cheon, 2007 11   17 10   17   19.7% 1.10 [0.65, 1.87] 2007
Otsuka, 2012 2     2   7   10     6.3% 1.22 [0.64, 2.34] 2012
Elmunzer, 2012 14   27 25   52   33.6% 1.08 [0.68, 1.71] 2012

Total (95%CI) 135 186 100.0% 1.14 [0.91, 1.42]
Total events 45 71
Heterogeneity: χ 2 = 1.53, df = 5 (P  = 0.91); I 2 = 0%
Test for overall effect: Z  = 1.10 (P  = 0.27) 0.2           0.5         1          2              5

Favours experimental      Favours control

NSAIDs Placebo Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI Year M-H, fixed, 95%CI
Murray, 2003   0   7   2   17     4.8% 0.45 [0.02, 8.34] 2003
Sotoudehmanesh, 2007   0   7   5   15   11.4% 0.18 [0.01, 2.90] 2007
Cheon, 2007   6 17   7   17   21.8% 0.86 [0.36, 2.02] 2007
Otsuka, 2012   0   2   3   10     4.7% 0.52 [0.04, 7.59] 2012
Elmunzer, 2012 13 27 27   52   57.4% 0.93 [0.58, 1.48] 2012

Total (95%CI) 60 111 100.0% 0.79 [0.52, 1.18]
Total events 19 44
Heterogeneity: χ 2 = 1.82, df = 4 (P  = 0.77); I 2 = 0%
Test for overall effect: Z  = 1.15 (P  = 0.25)

0.005           0.1           1           10              200
Favours experimental          Favours control

Figure 3  Meta-analysis of the effect of nonsteroidal anti-inflammatory drug administration on mild pancreatitis post endoscopic retrograde cholangio-
pancreatography. Subgroup-analysis, which included six articles with a fixed-effect model, was performed to analyze the effect of prophylactic nonsteroidal anti-
inflammatory drug (NSAID) administration on the incidence of mild pancreatitis.

Figure 4  Meta-analysis of the effect of nonsteroidal anti-inflammatory drug administration on moderate to severe pancreatitis post endoscopic retrograde 
cholangiopancreatography. Subgroup-analysis, which included five articles with a fixed-effect model, was performed to analyze the effect of prophylactic nonsteroi-
dal anti-inflammatory drug (NSAID) administration on the incidence of moderate to severe pancreatitis.

Trials Subgroup (n) RR (95%CI) Z P  value Heterogeneity

χ 2 P I 2 (%)
The overall effect of NSAIDs on PEP
   All forms   8 studies (1883) 0.43 (0.33-0.56) 6.18 < 0.0001 10.68 0.15 34
Different administration routes
   Suppository   6 studies (1596) 0.35 (0.26-0.48) 6.47 < 0.0001 2.72 0.74   0
   Oral    1 study (207) 0.97 (0.53-1.80) 0.09 0.93 - - -
   Infusion  1 study (80) 0.43 (0.12-1.54) 1.30 0.19 - - -
Different definitions of PEP
   The same criteria   6 studies (1563) 0.46 (0.34-0.61) 5.24 < 0.0001 8.38 0.14 40
   Others 2 studies (320) 0.30 (0.15-0.61) 3.31   0.001 1.38 0.24 27
Different research settings
   Single center   7 studies (1381) 0.47 (0.33-0.66) 4.27 < 0.0001 9.45 0.15 37
   Multi-center    1 study (502) 0.36 (0.24-0.56) 4.61 < 0.0001 - - -
Different dosages
   100 mg 4 studies (990) 0.36 (0.22-0.59) 4.05 < 0.0001 2.15 0.54 0
   75 mg  1 study (80) 0.43 (0.12-1.54) 1.30 0.19 - - -
   50 mg 3 studies (813) 0.47 (0.33-0.65) 4.49 < 0.0001 7.91 0.02 75

NSAID: Nonsteroidal anti-inflammatory drug; PEP: Post-endoscopic retrograde cholangiopancreatography pancreatitis.
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events were reported in the placebo group. The risk of  
adverse effects of  NSAID administration with a stan-
dard dosage was not significantly increased. Two cases 
of  renal failure without death occurred in the placebo 
group. Because of  the small sample size, related statis-
tical analyses could not be performed to estimate the 
incidence of  adverse effects of  NSAIDs on PEP. All 
enrolled patients in the eight RCTs were discharged in 
good health.

Publication bias
Publication bias was assessed for all pooled RRs with 
CIs using a Begg and Mazumdar’s rank correlation test. 
As shown in Figure 5, there was a low likelihood of  pub-
lication bias (Egger’s test).

DISCUSSION
The meta-analysis presented here revealed that prophy-
lactic administration of  NSAIDs post ERCP reduced the 
incidence of  PEP, though NSAID administration was 
not associated with the level of  PEP severity. These find-
ings are consistent with previously published meta-analy-
ses[12,13,20]. NSAID-associated reduction of  PEP incidence 
was consistent in a majority of  the included articles, with 
the exception of  the study by Cheon et al[17]. The findings 
from this analysis lend strong support to prophylactic 
NSAID administration to reduce the risk for PEP. Analy-
sis of  all included studies revealed no significant difference 
between the NSAID and placebo groups in PEP severity. 
We believe that prophylactic NSAID administration for 
PEP prevention is a feasible, cost-effective and efficient 
treatment option, especially in poorly equipped hospitals.

Sensitivity analyses to evaluate the effect of  NSAID 
administration route on PEP incidence revealed that ad-
ministration as a rectal suppository reduced the risk for 
PEP when compared with oral or intramuscular admin-
istration. The heterogeneity resulting from inclusion of  
the Cheon et al[17] study may be due in part to the admin-
istration route used, indicating that oral administration 

of  NSAIDs may differ from other routes. There are sev-
eral reasons why their study did not find a positive corre-
lation between NSAID administration and reduced PEP 
incidence. First, the NSAIDs may have been destroyed 
by the gastric duct acidity when administrated orally. Sec-
ond, there may have been low NSAID bioavailability due 
to extensive first-pass metabolism. Finally, the approxi-
mate time to serum peak concentration and elimination 
half-time may have affected NSAID activity. These fac-
tors may cause a decrease and inactivation of  effective 
or available NSAIDs, which could ultimately lead to the 
lack of  effect observed on PEP reduction. In the case 
of  Senol et al[15], NSAID effectiveness may be due in 
part to the small number of  patients assayed. Although 
Cheon et al[17] suggested that differences in administra-
tion routes or time to reach peak concentration were 
not clinically relevant, our sensitivity analyses identified 
significant heterogeneity due specifically to their results. 
However, as only eight trials were included, this deduc-
tion may be underpowered. Thus, future RCTs should 
examine NSAID administration route in relation to PEP 
incidence.

The inhibition of  inflammatory signaling by NSAIDs 
predominantly serves to prevent an inflammatory reac-
tion. Results from this study indicate that prophylactic 
administration of  NSAIDs at conventional dosages did 
not increase the frequency of  adverse effects, consistent 
with previously published studies[21]. A few previous stud-
ies reported that NSAID-related acute pancreatitis and 
common adverse effects occurred occasionally in the pre-
vention of  PEP[22,23]. As ERCP is an invasive procedure, 
it may induce bleeding, which needs to be discriminated 
from NSAID-related bleeding. This meta-analysis re-
vealed few adverse effects in patients that prophylactically 
received NSAIDs, with the exception of  four bleeding 
cases from one study. This low incidence of  adverse 
effects may be due in part to the short-term NSAID 
administration used for PEP prevention compared with 
conventional long-term administration of  NSAIDs for 
other issues. We suggest that NSAID administration, spe-
cifically diclofenac and indomethacin, in ERCP patients 
is safe and effective. Although a subgroup analysis was 
not performed to evaluate differences between diclofenac 
and indomethacin, a difference would not contribute to 
significant heterogeneity as these are equivalent in differ-
ent inflammatory stages[12].

PEP development is the result of  iatrogenic injury 
and activation of  pancreatic enzymes, a breakthrough 
finding for PEP prevention[24]. Several studies have as-
sessed the risk factors for PEP development, including 
patient-related, procedure-related and operator-related 
factors[25]. Murray et al[18] and Khoshbaten et al[16] dem-
onstrated a statistically significant benefit in patients at 
high risk for PEP who received NSAIDs. Alternatively, 
Sotoudehmanesh et al[9] found that only patients receiving 
a pancreatic duct injection obtained significant benefits 
from NSAID administration, whereas Otsuka et al[5] only 
observed benefits in sphincterotomized patients. There-
fore, a collective analysis of  the results suggests that pro-
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Figure 5  Funnel plot to evaluate the effect of nonsteroidal anti-inflammatory 
drug administration on post-endoscopic retrograde cholangiopancreatogra-
phy pancreatitis.
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phylactic NSAID administration yields significant benefits 
for high-risk patients.

Significant efforts have been devoted to reducing the 
incidence of  PEP. Sphincter spasms, trypsin activation, 
pancreatic secretion, inflammation and cytokine cascades 
have received significant attention[26]. Recent studies have 
suggested that pancreatic stent placement is the most 
effective measure in preventing PEP[27]. However, stent 
placement requires extensive equipment and experienced 
endoscopists, difficult features to obtain in comparison 
to drug administration[28]. Animal models and human 
studies have been developed to identify new forms of  
pharmacotherapy, though effective drugs have yet to 
be confirmed. According to RCTs and meta-analyses, a 
majority of  the drugs that were initially promoted as ef-
fective were later found to be ineffective (e.g., ulinastatin 
and corticosteroids). The effects of  other drugs, such as 
nitroglycerine and gabexate mesylate, remain controver-
sial[26]. Moreover, the combination of  therapeutic agents 
with stent placement may reduce the risk for complica-
tions after ERCP.

In comparison to previous meta-analyses on this sub-
ject, the present meta-analysis includes more recent, high 
quality RCTs to enhance the evaluation of  the effect of  
NSAIDs on PEP incidence. Moreover, comprehensive 
subgroup analyses were performed to detect potential 
differences among the studies. NSAID administration 
route was consequently identified as a factor that af-
fects PEP incidence, with suppository administration 
being beneficial in preventing PEP. However, this meta-
analysis also had several limitations, such as the inclusion 
of  only eight studies, which is considered lower quality 
according to the Cochrane Handbook for Systematic 
Reviews of  Interventions. From these studies, only one 
article[17] described the generation of  random sequences 
and three articles[16-18] described allocation concealment. 
Guided by our pre-established criteria, the majority of  
these eight articles could not be classified as low risk due 
to missing details in their methods sections. Thus, more 
attention should be paid to the quality of  the methodol-
ogy in future studies. Another limitation is the varying 
definition of  pancreatitis applied by each study, which 
has led to inclusion of  patients that were diagnosed 
with pancreatitis on the basis of  hyperamylasemia and 
abdominal pain alone. To some extent, this likely influ-
enced the incidence of  pancreatitis among the NSAID 
and placebo groups. Therefore, standardized diagnostic 
methods should be applied (e.g., B-ultrasonography and 
CT) to ensure a proper and consistent diagnosis of  pan-
creatitis.

CONCLUSION
In summary, the comprehensive meta-analysis and sub-
group analyses presented here provide updated pooled 
evidence on the benefits of  NSAID administration in 
the prevention of  PEP. We recommend administering 
NSAIDs before or post ERCP to prevent PEP. Pro-
phylactic NSAID administration in preventing PEP is 

effective, safe and economical. Future research should 
involve larger, multi-center RCTs to confirm the effect 
of  prophylactic NSAIDs on the incidence of  PEP.
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