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Efficacy and safety of rectal 
nonsteroidal anti-inflammatory 
drugs for prophylaxis against post-
ERCP pancreatitis: a systematic 
review and meta-analysis
Yi-Chao Hou, Qiang Hu, Jiao Huang, Jing-Yuan Fang & Hua Xiong

Rectal nonsteroidal anti-inflammatory drugs (NSAIDs) are not commonly used clinically for preventing 
post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis. To evaluate the efficacy 
and safety of NSAIDs for post-ERCP prophylaxis, we systematically reviewed sixteen randomized 
controlled trials (involving 6458 patients) that compared rectal NSAIDs with placebo or no treatment 
for post-ERCP pancreatitis prophylaxis updated to August 2016. GRADE framework was used to 
assess the quality of evidence. There was “high quality” evidence that rectal NSAIDs were associated 
with significant reduction in the risk of overall post-ERCP pancreatitis (RR, 0.55; 95% CI, 0.42–0.71). 
Subgroup analyses demonstrated that diclofenac (RR, 0.41; 95% CI, 0.19–0.90) was probably superior 
to indomethacin (RR, 0.58; 95% CI, 0.45–0.75), post-ERCP administration (RR, 0.46; 95% CI, 0.24–0.89) 
was probably superior to pre-ERCP (RR, 0.53; 95% CI, 0.42–0.67), and that mixed-risk population 
received more benefits (RR, 0.54; 95% CI, 0.33–0.88) than average-risk population (RR, 0.60; 95% CI, 
0.41–0.88), but less than high-risk population (RR, 0.41; 95% CI, 0.19–0.91). Moreover, “high quality” 
evidence showed that rectal NSAIDs were safe when given as a standard dose (RR = 0.80; 95% CI, 
0.47–1.36). In conclusion, this meta-analysis revealed that rectal NSAIDs are effective and safe in the 
prevention of post-ERCP pancreatitis in populations with all levels of risk.

Acute pancreatitis is the most common complication of endoscopic retrograde cholangiopancreatography 
(ERCP). The reported frequency of post-ERCP pancreatitis varies between 1% and 13.3% in the unselected 
patients1–3, although it may reach 25–39% in certain high risk patients4. Because of this, it accounts for considera-
ble morbidity, prolonged hospitalization, increasing healthcare expenditure, severe complications and occasional 
death5–7.

To date, many agents are explored extensively for pharmacological potential against post-ERCP pancrea-
titis, such as somatostatin8, gabexate9, ulinastain10, nonsteroidal anti-inflammatory drugs (NSAIDs)11,12 and 
octreotide13. Among these pharmacological agents available for prophylaxis, rectally administered NSAIDs, par-
ticularly indomethacin and diclofenac, have exhibited the most promising effect on prevention of post-ERCP 
pancreatitis14. In addition to drug prophylaxis, pancreatic stent placement appears to be effective to lower the 
risk of post-ERCP pancreatitis in high risk patients15. However, increased overall cost of the procedure, techni-
cal difficulty, and potential adverse effects, such as pancreatic duct injury, bleeding or infection are main draw-
backs of pancreatic stent placement16, thereby being less cost-effective in clinical practice for all risk patients. 
Of note, it has been shown that rectal NSAIDs may reduce the risk of post-ERCP pancreatitis in average risk 
patients17–19, unselected patients20–26 and high risk patients11,12,27–29. On the basis of findings from several previous 
meta-analyses, rectal NSAIDs (diclofenac or indomethacin) have been recommended by the European Society 
of Gastrointestinal Endoscopy (ESGE) and Japanese Society of Hepato-Biliary-Pancreatic Surgery (JSHBPS) as 
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guidelines to prevent post-ERCP pancreatitis for all risk patients30,31. Furthermore, NSAIDs are cheap and simply 
administered and have a favorable risk profile when given a standard dose (100 mg or 50 mg), making them an 
attractive option in the prevention of post-ERCP pancreatitis.

So far, however, rectal NSAIDs for post-pancreatitis prophylaxis have not been widely recommended in 
routine clinical use. Recently, nine new RCTs17–20,22,24,26–28 have been conducted since the last meta-analyses of 
rectal NSAIDs for post-ERCP pancreatitis prophylaxis and included an additional 4592 patients. To provide 
clinical practice guidance and a framework for future research in this important area, we therefore conducted a 
meta-analysis with systematic review of RCTs currently available and evaluated the efficacy and safety of rectal 
NSAIDs for the prevention of post-ERCP pancreatitis.

Methods and Materials
Search strategy.  We searched PubMed, EMBASE and the Cochrane Library for studies of NSAIDs in the 
prevention of post-ERCP pancreatitis updated to August 2016. Key words and/or medical subject heading terms 
were as follows: (nonsteroidal anti-inflammatory drugs or NSAIDs or indomethacin or diclofenac) AND (post-
ERCP pancreatitis or post-endoscopic retrograde cholangiopancreatography pancreatitis or pancreatitis) (see 
Supplementary Table 1). Reference lists from retrieved articles, review, and meta-analysis were manually searched 
for additional citations. We also scanned the meeting abstracts presented at Digestive Disease Week, American 
College of Gastroenterology, United European Gastroenterology Week and Asia-Pacific Digestive Week  
(2011–2016), and 1 report was found20. The search was restricted to adult patients. No language or date restric-
tions were applied. Disagreement was resolved by joint discussion to reach consensus. When necessary, authors 
would be contacted for further information.

Study selection.  Articles or abstracts were included if they met the following criteria: (1) the study was a 
prospective, randomized controlled trial (RCT); (2) compared NSAIDs with placebo or no treatment; (3) exam-
ined the efficacy and safety of rectally administered NSAIDs for prevention of post-ERCP pancreatitis; (4) orig-
inal data not duplicated in another manuscript. Cohort studies, case-control studies, case reports and case series 
were excluded. The studies focusing on the role of NSAIDs in prevention of post-ERCP pancreatitis using any 
other routes, such as oral, intraduodenal, intravenous and intramuscular, other than rectal were also excluded. If 
more than one version of the same study was retrieved, only the most complete or the latest one was used.

Data extraction and quality assessment.  Data extraction was independently performed by 2 reviewers 
according to the prespecified selection criteria. Disagreement was resolved by discussion between the two authors. 
The following information from each studies was extracted: first author, publication year, study location, study 
design, patient characteristics, sample size, intervention approaches (drug form, route, dose and timing), indica-
tions and severity criteria. In addition the outcome data of studies, including the number of post-ERCP pancre-
atitis (any, mild and moderate to severe), amylase concentrations (serum amylase level 2 h or 24 h post-ERCP), 
the number of hyperamylasemia as well as pain, complications (bleeding, perforation or cholangitis) and deaths 
were also included. Methodological quality of the included studies was evaluated by using criteria set forth by the 
Cochrane Collaboration tool for assessing the risk of bias32.

Quality of evidence.  The quality of evidence was rated for each summary estimate through the GRADE 
framework33, with main outcomes being ranked based on their relevance to clinical decision assessed as of limited 
importance, importance, or critical34. This approach was also used to rate quality of the evidence for the efficacy 
and safety of rectal NSAIDs in prevention of post-ERCP pancreatitis as high, moderate, low or very low. RCT 
began as “high quality” evidence, but can be downgraded by one or two level in accordance with the following cri-
teria: risk of bias, imprecision, inconsistency, indirectness, publication bias. “High quality” represented no more 
change in current conclusions for effect estimates, whereas “very low quality” suggested that it was very likely to 
change current conclusions for effect estimates in future35.

Statistical analysis.  We performed the meta-analysis in accordance with the recommendations of Cochrane 
Collaboration36. Risk ratio (RR) with the corresponding 95% CI was calculated as dichotomous variable for dif-
ference observed between NASIDs group and control group, and weighted mean differences (WMD) were also 
pooled with 95% CI for continuous variable. Visual inspection of the forest plots was used to identify the statistic 
heterogeneity, which was further complemented by the I2 statistic, a test used to quantify inconsistency across 
studies resulted from heterogeneity rather than from chance. The statistical heterogeneity was assessed by calcu-
lating the Cochran’ Q statistic with a significance level of P < 0.10 or I2 >​ 50%. Generally, an A I2 of 0–30% repre-
sents insignificant heterogeneity, I2 of 30–50% represents mild heterogeneity, I2 of 50–75% represents moderate 
heterogeneity, and I2 of more than 75% represents substantial heterogeneity. A meta-analysis of intention-to-treat 
data was performed using the random model Mantel-Haenszel method independent of heterogeneity, which 
could generate more conservative and reasonable results based on Q text or I2 statistic37,38. For statistically sig-
nificant treatment effects, the number needed to treat (NNT) to prevent 1 episode of post-ERCP pancreatitis 
was calculated using the absolute risk reduction (ARR): NNT =​ 1/ARR. Statistical significance was judged if a 
P   < 0.05, except where otherwise specified.

Primary outcome was the risk of any post-ERCP pancreatitis. Secondary outcomes were the risk of mild or 
moderate to severe post-ERCP pancreatitis, 2 h or 24 h post-ERCP serum amylase level, the risk of hyperamyla-
semia as well as post-procedural pain, and adverse events associated with NSAIDs therapy. We also performed 
several subgroup analyses by grouping the type of NSAIDs (indomethacin or diclofenac), the timing of NSAIDs 
administration (pre- or post-ERCP), the risk of population (high risk, mixed risk and average risk), mean age 
of each study (≤​60 or >​60), pancreatic stent (yes or no). It should be noted that the risk stratification of the 
patients in included studies was defined based mainly on findings proposed by Masci et al.39 and Freeman et al.40 
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Additionally, we performed multiple sensitivity analyses between sample size (≥​300 or <​300), setting (single 
center or multicenter), study format (full text or abstract), and also based on variations in definition of the risk 
stratification of the patients, diagnostic criterion of pancreatitis as well as criterion of pancreatitis severity. In 
addition, we repeated the analysis by removing any studies in turn from the overall data to evaluate the influence 
of any studies on pooled treatment effects.

Publication bias was assessed by visual inspection of funnel plots, and further quantitative analysis by Begg 
adjusted rank correlation test41 and Egger weighted regression method42; a P value of less than 0.1 was con-
sidered representative of statistically significant publication bias. Review Manager (version 5.3.5, Cochrane 
Collaboration, Oxford, UK) was used for all analyses. All statistical tests were 2-sided.

Results
Study characteristics.  The initial search yielded 3537 relevant records of which 3419 were excluded 
because of duplicate data or based on the screening of titles and abstracts (Fig. 1). The remaining 118 studies 
were retrieved for full text review. Finally, a total of 15 studies and 1 meeting abstract that included 6438 subjects, 
including 3226 in treatment group and 3232 in control group, published from 2003 through 2016, were iden-
tified in this review11,12,17,18,20–29,43,44. Of the 16 studies, 15 were published in English11,12,17,18,20,22–29,43,44 and 1 in 
Hungarian21. Of these studies, 3 studies were conducted in Hungary21,24,43, 3 in Iran12,17,25, 2 in Mexico27,44, 2 in 
America11,22 and 1 each in China18, Sudan20, Turkey26, Scotland29, Japan23, Malaysia28. Sample sizes ranged from 
10012,26 to 201418, and incidence rate of post-ERCP pancreatitis in control group varied from 4.8 to 26%.

NSAIDs (diclofenac or indomethacin) were all administered rectally in the included studies, either pre-ERCP 
in 9 studies17–19,21,23–26,44, or post-ERCP in 5 studies11,12,27–29, or during ERCP22 in 1 study. NSAIDs 100 mg were 
used in 15 studies and diclofenac 25 or 50 mg was used in 1 study23. Thirteen studies used the definition of 
post-ERCP pancreatitis based on the consensus criteria11,17,18,21–28,43,44, and definition of post-ERCP pancreatitis 
in an abstract form could not be obtained due to insufficient data20. The other two studies defined post-ERCP 
pancreatitis based on a serum amylase level of greater than fourfold the upper limit of normal in conjunction 
with abdominal pain12,29. Of 16 studies, 10 studies11,18,21,23–28,43 used Cotton criteria to assess the severity of PEP, 2 
studies17,44 used Ranson’s prognostic criteria, 1 study22 used the Atlanta symposium guidelines, and the remain-
ing 3 study12,20,29 did not specify the criterion of pancreatitis severity. It is noteworthy that the only criteria for 
severity that have been validated in the post-ERCP pancreatitis population are the Cotton criteria. No other 
severity classification scheme has been validated in this population. Pancreatic stent used was mentioned in 
7 studies11,12,18,22,27–29 and varied from 2 to 83%. Of 7 studies, pancreatic stents were placed for therapeutic or  
prophylactic use, whereas 2 studies22,29 did not specify its purpose. No statistical significant difference between 
two groups with or without pancreatic stents. In general, the baseline characteristics of patients and procedures 
were consistent across two groups in each study with exception of 1 study23, in which sex ratio was not comparable 

Figure 1.  Flowchart of article selection. 
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between two groups. Basic characteristics of included studies and the main outcome data of each included study 
are summarized in Tables 1 and 2, respectively.

The risk of bias assessments across studies were described in Supplementary Fig. 1. One meeting abstract was 
not assigned the risk of bias because of insufficient data20.

Overall post-ERCP pancreatitis.  Post-ERCP pancreatitis was documented in 170 of 3226 patients (5.0%) 
with rectal NSAIDs, compared with 317 of 3232 (9.9%) with no treatment. Pooling showed that rectal NSAIDs 
were associated with a significant reduction in overall risk of post-ERCP pancreatitis compared with patients 
with no treatment (RR =​ 0.55; 95%, 0.42–0.71; P <​ 0.01), with a mild heterogeneity (P =​ 0.04; I2 =​ 41%) (Fig. 2). 
The ARR was 5.0% (95% CI, 3–7%). The NNT was 20 (95% CI, 14–33). Sensitivity analysis found that the study 
proposed by Levenick et al.22 was the main source of heterogeneity. The prophylactic efficacy of rectal NSAIDs, 
however, was not affected after removal of this study (RR, 0.51; 95%, 0.41–0.65, P <​ 0.01), with insignificant 
heterogeneity (P =​ 0.18; I2 =​ 24%). The quality of evidence of the efficacy of rectal NSAIDs in preventing any 
post-ERCP pancreatitis was rated “high quality” according to the GRADE framework. No evidence supporting 
publication bias was identified based on visual inspection of the funnel plot (Fig. 3), Begg test and Egger test 
(P =​ 0.198 and P =​ 0.431, respectively). Table 3 summarizes the findings and quality assessment for outcomes 
ranked as critical or important for decision making.

Subgroup and sensitivity analyses.  Subgroup analyses were performed to explore the source of hetero-
geneity among studies based on key study characteristics and clinical factors. The prophylactic benefit of rectal 

Source Text Setting
Age 

(mean ± SD)
Sample 

size

Interventions

Indications
Severity 
criteriaSuppository Route Dose Timing

Murray, 2003, 
Scotland Full Single center I: 55 ±​ 15  C: 

58 ±​ 14 220 I: Diclofenac C: 
Placebo Rectal 100 mg Immediately post-ERCP Mainly biliary 

disease, SOH NA

Sotoudehmanesh, 
2007, Iran Full Single center I: 58.4 ±​ 17.1  C: 

58.1 ±​ 16.8 490 I: Indomethacin 
C: Placebo Rectal 100 mg Immediately pre-ERCP

Mainly biliary 
disease, SOD, BD 

stone
Cotton

Montano Loza, 
2007, Mexico Full Multicenter I:55.37 ±​ 18.0  

C: 51.1 ±​ 17.0 150 I: Indomethacin 
C: Glycerin Rectal 100 mg 2 h pre-ERCP Suspected biliary 

obstruction Ranson

Khoshbaten, 2008, 
Iran Full Single center I: 57 ±​ 15  C: 

60 ±​ 17 100 I: Diclofenac C: 
Placebo Rectal 100 mg Immediately post-ERCP Mainly BD stone NA

Elmunzer, 2012, 
U.S. Full Multicenter I: 44.4 ±​ 13.5  C: 

46.0 ±​ 13.1 602 I: Indomethacin 
C: Placebo Rectal 100 mg Immediately post-ERCP Mainly suspected 

SOD Cotton

Dobronte, 2012, 
Hungary Full Single center 66.8 ±​ 16.4 228 I: Indomethacin 

C: Placebo Rectal 100 mg 10 min pre-ERCP Not specified Cotton

Otsuka, 2012, Japan Full Multicenter I: 75  C: 72 104 I: Diclofenac C: 
No treatment Rectal 50 or 25 mg 30 min pre-ERCP Mainly billary 

disease Cotton

Alabd, 2013, Sudan Abstract NA NA 240 I: Diclofenac C: 
No treatment Rectal 100 mg NA NA NA

Dobronte, 2014, 
Hungary Full Multicenter I: 65.66 ±​ 16.21  

C:67.68 ±​ 15.56 665 I: Indomethacin 
C: Placebo Rectal 100 mg 10–15 min pre-ERCP Mainly billary 

disease, BD stone Cotton

Patai, 2015, 
Hungary Full Single center

I: 66.25 
(23–100) C: 

64.51 (20–95)
574 I: Indomethacin 

C: Placebo Rectal 100 mg 1 h pre-ERCP
Mainly billary 

disease, suspected 
SOD

Cotton

Andrade-Davila, 
2015, Mexico Full Single center I: 51.59 ±​ 18.55  

C: 54.0 ±​ 17.85 166 I: Indomethacin 
C: Glycerin Rectal 100 mg Immediately post-ERCP

Mainly billary 
disease, suspected 

SOD, biliopancreatic 
tumors

Cotton

Lua, 2015, Malaysia Full Single center I: 50.3 ±​ 17.6  C: 
49.6 ±​ 16.8 151 I: Diclofenac C: 

No treatment Rectal 100 mg Immediately post-ERCP Mainly billary 
disease Cotton

Levenick, 2016, 
U.S. Full Single center I: 64.9  C: 64.3 449 I: Indomethacin 

C: Placebo Rectal 2 ×​ 50 mg During ERCP

Mainly billary 
disease, suspected 
SOD, pancreatic 
stricture/leak/

disruption/duct 
stone, ampullectomy

RAC

Luo, 2016, China Full Multicenter I:62 (50–72) C: 
63 (50–74) 2014 I: Indomethacin 

C: No treatment Rectal 100 mg 30 min pre-ERCP
Mainly billary 

disease, BD stone, 
suspected SOD

Cotton

Ucar, 2016, Turkey Full Single center I: 59 ±​ 18.6  C: 
60.5 ±​ 17.6 100 I: Diclofenac C: 

No treatment Rectal 100 mg 30–90 min pre-ERCP
Mainly billary 

disease, 
biliopancreatic 

tumors
Cotton

Hosseini, 2016, Iran Full Single center I: 51.2 ±​ 12.12  
C: 49 ±​ 14.26 205 I: Indomethacin 

C: Glycerin Rectal 100 mg 2 h pre-ERCP Choledocolithiasis Ranson

Table 1.   Basic characteristics of included studies in the meta-analysis. RAC, Revised Atlanta Classification; 
I, intervention; C, control; NA, not available; SOH, sphincter of Oddi hypertension; SOD, sphincter of Oddi 
dysfunction; BD, bile duct.
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NSAIDs (indomethacin or diclofenac) on reducing the risk of post-ERCP pancreatitis was consistently found in 
all of the subgroup analyses. When stratifying studies by drug type, both indomethacin and diclofenac showed a 
significant efficacy (RR =​ 0.58; 95% CI, 0.45–0.75; P <​ 0.01 and RR =​ 0.41; 95% CI, 0.19–0.90; P =​ 0.03, respec-
tively). Pooling estimates showed that rectal diclofenac appeared to be more effective than rectal indomethacin 
in preventing post-ERCP pancreatitis. Heterogeneity in indomethacin group was insignificant (I2   = 34; P =​ 0.13), 
however, heterogeneity in the former group was moderate (I2   = 55; P =​ 0.05). After removal of the source of 
heterogeneity,28 advantages contributing to the latter group did not change (RR =​ 0.32; 95%, 0.19–0.56, P <​ 0.01) 
without heterogeneity (I2 =​ 0; P =​ 0.52). When stratifying subgroups by timing of administration, rectal NSAIDs 
administered post-ERCP (RR =​ 0.46; 95% CI, 0.24–0.89, P =​ 0.02) were more effective than those administered 
pre-ERCP (RR =​ 0.53; 95% CI, 0.42–0.67, P <​ 0.01). Heterogeneity was moderate in former subgroup (I2 =​ 61; 
P =​ 0.03). After exclusion of the source of heterogeneity28, NSAIDs administered rectally post-ERCP were still 
superior to administered rectally pre-ERCP (RR =​ 0.39; 95% CI, 0.24–0.63, P <​ 0.01), with insignificant hetero-
geneity (I2 =​ 30%; P =​ 0.23).

After stratification according to different risk population, it was noted that rectal NSAIDs were most effective 
in high-risk population (RR =​ 0.41; 95% CI, 0.19–0.91, P =​ 0.03). More benefits could be observed in mixed-risk 
population (RR =​ 0.54, 95% CI, 0.33–0.88, P =​ 0.01) compared with average-risk population (RR =​ 0.60; 95% CI, 
0.41–0.88, P <​ 0.01). Moderate heterogeneity (I2 = 61%; P =​ 0.02) and mild heterogeneity (I2 = 49%; P =​ 0.07) sep-
arately existed in high-risk and mixed-risk subgroup, although no significant heterogeneity was in average-risk 
subgroup (I2 =​ 28%; P =​ 0.25). When removing the source of heterogeneity28, the prophylactic efficacy of rectal 
NSAIDs was not affected in high- or mixed-population (RR =​ 0.31; 95% CI, 0.16–0.61, P <​ 0.01 or RR =​ 0.46; 95% 
CI, 0.33–0.66, P <​ 0.01). As younger age was a definite risk factor for post-ERCP pancreatitis40, we therefore take a 
mean age of 60 years in treatment group as the cutoff point to stratify the studies. It was noted that rectal NSAIDs 
were more effective for patients with a mean age ≤​ 60 years (RR =​ 0.46; 95% CI, 0.31–0.69, P <​ 0.01) compared 
with patients with a mean age >​ 60 years (RR =​ 0.64; 95% CI 0.43–0.96, P =​ 0.03). However, heterogeneity in latter 
subgroup was moderate (I2 =​ 55%; P =​ 0.04). After removing the source of heterogeneity22, advantages contrib-
uting to older group still existed. In addition, there was no statistical significant difference between two groups 
with or without pancreatic stents. The details of subgroup analyses and corresponding sensitivity analyses are 

Study

Severity Amylase (mean ± SD)

Hyperamylasemia Pain

Complications

DeathsAny Mild
Moderate 
to severe 2 h after ERCP 24 h after ERCP Bleeding Perforation Cholangitis

Murray et al. I: 7  
C: 17

I: 7  
C: 15 I: 0  C: 2 I: 313 ±​ 398.55   

C: 400 ±​ 702.7
I: 321 ±​ 597.85   
C: 507 ±​ 943.92 NA None None None None None

Sotoudehmanesh 
et al.

I: 7  
C: 15

I: 7  
C: 10 I: 0  C: 5 I: 472.70 ± 92.6   

C: 494.30 ±​ 105.2 NA NA None None None None None

Montano Loza et al. I: 4  
C: 12 None None I: 148.22 ± 190.60  

C: 240.73 ± 256.20 NA I: 13  C: 28 None None None None None

Khoshbaten et al. I: 2  
C: 13 NA NA I: 310.28 ±​ 320.62  

C: 667.80 ±​ 1034.16
I: 324.22 ±​ 331.65   

C: 948.86 ±​ 1269.69 NA None None None None None

Elmunzer et al. I: 27  
C: 52

I: 14  
C: 25 I: 13  C: 27 NA NA NA None I: 4  C: 7 None None None

Dobronte et al. I: 11  
C: 11

I: 9  
C: 10 I: 2  C: 1 NA NA NA None None None None None

Otsuka et al. I: 2  
C: 10

I: 2  
C: 7 I: 0  C: 3 NA NA I: 16  C: 19 I: 4  

C: 20 None None None None

Alabd et al. I: 4  
C: 7

I: 3  
C: 6 I: 1  C: 1 NA NA NA None None None None None

Dobronte et al. I: 20  
C: 22

I: 16  
C: 18 I: 4  C: 4 NA NA I: 81  C: 79 None None None None I: 0  C: 1

Patai et al. I: 18  
C: 37

I: 15  
C: 33 I: 3  C: 4 NA NA I: 61  C: 66 None I: 9  C: 3 I: 1  C: 0 I: 2  C: 2 I: 3  C: 4

Andrade-Davila 
et al.

I: 4  
C: 17

I: 3  
C: 14 I: 1  C: 3 I: 141.9 ± 92.6   

C: 216.5 ± 105.2 NA I: 19  C: 81 None I: 2  C: 3 None None None

Lua et al. I: 7  
C: 4

I: 4  
C: 4 I: 3  C: 0 NA NA NA None I: 1  C: 3 I: 1  C: 0 I: 2  C: 4 None

Levenick et al. I: 16  
C: 11

I: 16  
C: 9 I: 0  C: 2 NA NA NA None I: 4  C: 6 I: 1  C: 0 None I: 0  C: 3

Luo et al. I: 29  
C: 65

I: 22  
C: 7 I: 48  C: 17 NA NA NA None NA NA NA NA

Ucar et al. I: 1  
C: 7

I: 0  
C: 3 I: 1  C: 4 NA I: 211 ±​ 77   

C: 463 ±​ 100 I: 6  C: 14 I: 5  
C: 10 I: 2  C: 2 None None None

Hosseini et al. I: 11  
C: 17 None None NA NA NA None None None None None

Table 2.   Main outcome data of studies included in the meta-analysis. I, intervention; C, control; SD, 
standard deviation; NA, not available; ERCP, endoscopic retrograde cholangiopancreatography; ARF, acute 
renal failure.
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presented in Table 4. No material change in results was noted in prespecified sensitivity analyses, and none of 
individual study had significant influence on the pooled estimates.

Amylase concentration, hyperamylasemia and pain.  Only 5 studies12,25,27,29,44 and 3 studies12,26,29 
provided data on the mean levels of serum amylase 2 h and 24 h post-ERCP, respectively. Pooling showed that 
rectal NSAIDs significantly reduced the mean levels of serum amylase 2 h (WMD =​ −​78.51; 95% CI, −​108.41 
to −​48.61, P <​ 0.01) (see Supplementary Fig. S2) and 24 h post-ERCP (WMD =​ −​285.02; 95% CI, −​440.22 to 
−​129.83, P <​ 0.01) (see Supplementary Fig. S3) in comparison with control group. There was moderate heter-
ogeneity in latter (I2 =​ 55; P =​ 0.11). The quality of evidence for the two outcomes was rated as “high quality” 
and “low quality”, respectively. Six studies19,23,24,26,27,44 provided data on the risk of hyperamylasemia. The inci-
dence of hyperamylasemia was lower than that in control group (RR =​ 0.59, 95% CI, 0.36–0.96, P =​ 0.03) (see 
Supplementary Fig. S4). Substantial heterogeneity was present (I2 =​ 87; P <​ 0.01). Two studies23,26 reported 39 
cases of post-ERCP pain, 9 (8.9%) in rectal NSAIDs group and 30 (29.1%) in control group. Pooling showed that 
rectal NSAIDs were associated with significant reduction in the frequency of post-procedural pain (RR =​ 0.32; 
95% CI, 0.14–0.77, P =​ 0.01) (see Supplementary Fig. S5), without evident heterogeneity (I2 =​ 33; P =​ 0.22). The 
quality of evidence (GRADE) for these two outcomes was both rated as “moderate quality”.

Severity of pancreatitis.  Fourteen studies11,17–29 and 13 studies11,18–29 provided data on the severity of 
post-ERCP pancreatitis, including the risk of mild and moderate to severe post-ERCP pancreatitis, respectively. 
Fourteen studies reported 348 cases of mild pancreatitis, 129 (4.2%) in the rectal NSAIDs group and 219 (7.0%) 
in the control group, and 13 studies reported 107 cases of moderate to severe pancreatitis, 35 (1.2%) in the rectal 

Figure 2.  Forest plot showing a significant reduction in the risk of any post-ERCP pancreatitis with rectal 
NSAIDs therapy. CI, confidence interval; M-H, Mantel-Haenszel; NSAIDs, nonsteroidal anti-inflammatory 
drugs; ERCP, endoscopic retrograde cholangiopancreatography.

Figure 3.  Funnel plot of all included studies did not show asymmetry. Statistical analysis suggested no 
evidence of publication bias with Begg test and Egger text (P =​ 0.198 and P =​ 0.431, respectively). RR, risk ratio; 
SE, standard error.
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NSAIDs group and 72 (2.4%) in the control group. Pooling showed that rectal NSAIDs were associated with 
significant reduction in the risk of mild (RR =​ 0.60; 95% CI, 0.47–0.77, P <​ 0.01) (Fig. 4), and moderate to severe 
post-ERCP pancreatitis (RR =​ 0.52; 95% CI, 0.34–0.78, P <​ 0.01) (Fig. 5). No significant heterogeneity was pres-
ent (I2 =​ 19; P =​ 0.25 and I2 =​ 0; P =​ 0.64, respectively). The quality of evidence for this two outcomes was rated 
as “high quality”.

Adverse events.  Six studies11,22,24,26–28 reported the relevant adverse events associated with NSAIDs therapy. 
Six studies reported 44 cases of bleeding, 22 each in two groups. Pooling showed that rectal NSAIDs did not 
increase the risk of bleeding (RR =​ 0.97; 95% CI, 0.49–1.94, P =​ 0.94) with no evident heterogeneity (I2 =​ 14; 
P =​ 0.33). Two studies24,28 reported 2 cases of perforations, both of which occurred in rectal NSAIDs group. 
Two studies24,28 reported 10 cases of cholangitis, 4 (1.2%) in the rectal NSAIDs group and 10 (2.9%) in control 
group. Pooling showed that rectal NSAIDs did not significantly increase the risk of perforation and cholangitis 
(RR =​ 3.27; 95% CI, 0.34–31.19, P =​ 0.30 and RR =​ 0.74; 95% CI, 0.21–2.63, P =​ 0.64, respectively) with no evi-
dent heterogeneity (I2 =​ 0; P =​ 0.94 and I2 =​ 0; P =​ 0.69, respectively). One study27 reported 4 case of anal itching, 
2 each in two groups. Two case of acute renal failure (ARF) were reported in 1 study11, both of which occurred 
in the control group. Three studies19,22,24 reported 11 cases of death, 3 (0.3%) in the rectal NSAIDs group and 8 
(0.9%) in control group. Pooling showed that there was no statistical significance of rectal NSAIDs in increasing 
the mortality rate (RR =​ 0.49; 95% CI, 0.15–1.69, P =​ 0.26), with no heterogeneity (I2 =​ 0; P =​ 0.58). Generally, 
an arithmetical trend was noted that rectal NSAIDs may result in a decrease in risk of overall adverse events 
(RR =​ 0.80; 95% CI, 0.47–1.36, P =​ 0.41), with no evident heterogeneity (I2 =​ 9; P =​ 0.36) (Table 3) (Fig. 6). The 
quality of evidence for all above mentioned outcomes was rated as “high quality”. Other studies, with one excep-
tion18, did not report relevant complications or deaths potential attributable to the study intervention during the 
follow-up period.

Discussion
In this meta-analysis of 16 RCTs that included 6458 patients, there was “high quality” evidence to suggest that 
rectal NSAIDs were associated with about a 45% decrease in the risk of post-ERCP pancreatitis. The NNT was 
20. After stratifying studies according to the severity of post-ERCP pancreatitis, “high quality” evidence showed 
that a significant reduction was recognized in both mild and moderate to severe post-ERCP pancreatitis (40 and 
48%, respectively). Specific analyses for amylase concentration, hyperamylasemia, and pain indicated that there 
were “high quality”, “low quality”, “moderate quality” and “moderate quality” evidence that rectal NSAIDs could 
prevent the elevation of serum amylase 2 h or 24 h post-ERCP, lower the risk of hyperamylasemia and relieve the 

Main outcomes

Summary of findings Quality of evidence assessment (GRADE)

No. of patients 
(trials) Effect size* (95% CI)

Study 
limitation§ Inconsistency† Indirectness Imprecision‡ Quality Importance

Post-ERCP pancreatitis

Any 6458 (16) 0.55 (0.42–0.71) None None None None High Critical

Mild 6208 (14) 0.59 (0.48–0.73) None None None None High Critical

Moderate to severe 5955 (13) 0.51 (0.35–0.75) None None None None High Critical

Amylase concentrations

2 h post-ERCP 1126 (5) −​77.85 (−​104.61–51.09) None None None None High Important

24 h post-ERCP 420 (3) −​285.02 (−​440.22–129.83) None −​1** None −​1¶ Low Important

Hyperamylasemia 1759 (6) 0.59 (0.36–0.96) None −​1** None None Moderate Important

Pain 204 (2) 0.31 (0.15–0.61) None None None −​1¶ Moderate Important

Adverse events

Bleeding 4424 (15) 1.03 (0.58–1.85) None None None None High Critical

Perforation 4424 (15) 3.27 (0.34–31.12) None None None None High Critical

Cholangitis 4424 (15) 0.74 (0.21–2.59) None None None None High Critical

ARF 4424 (15) 0.21 (0.01–4.32) None None None None High Critical

Anal itching 4424 (15) 1.02 (0.15–7.10) None None None None High Critical

Death 4424 (15) 0.44 (0.14–1.42) None None None None High Critical

Total 4424 (15) 0.82 (0.51–1.31) None None None None High Critical

Table 3.   Summary of findings and quality of evidence assessment for the efficacy and safety of rectal 
NSAIDs versus no treatment in prevention of post-ERCP pancreatitis according to GRADE framework. 
ARF, acute renal failure; ERCP, endoscopic retrograde cholangiopancreatography; GRADE, grading of 
recommendations assessment, development and evaluation; NSAIDs, nonsteroidal anti-inflammatory 
drugs. *Relative risks for post-ERCP pancreatitis, hyperamylasemia, pain and adverse events; weighted mean 
differences in amylase concentrations. §GRADE was downgraded by one level for the limitation of study if more 
than a quarter of studies included were considered at high risk of bias. †Inconsistency was considered when the 
heterogeneity between studies was large (I2 >​ 50%). ‡Imprecision was considered if few patients or few events 
were included in studies, and wide confidence intervals were identified around the estimate of the effect. **large 
heterogeneity between studies (I2 >​ 50%). ¶Low number of studies with few patients included.
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post-procedural pain, respectively. In terms of safety, we also found “high evidence” that no statistical difference 
in adverse events potentially attributable to rectal NSAIDs therapy was detected, strongly indicating that rectal 
NSAIDs are safe when given as standard doses (100 mg or 50 mg). Although mild heterogeneity existed in overall 
post-ERCP pancreatitis, the magnitude or direction of the summary effect remains unchanged in multiple sen-
sitivity analyses.

The present findings are consistent with the current ESGE and JSHBPS guidelines, in which NSAIDs 
(diclofenac or indomethacin) are widely recommended to administer rectally either pre- or post-endoscopic 
procedure in preventing post-ERCP pancreatitis for all risk patients30,45. Recently, however, two studies by Lua 
et al.28 and Levenick et al.22 suggested that there is no significant association between rectal NSAIDs (diclofenac 
or indomethacin) and the decrease in incidence of post-ERCP pancreatitis among subjects, including high- or 
average-risk for developing post-ERCP pancreatitis. These findings conflict with these proposed guidelines. Of 
interest, it is noted that study reported by Levenick et al.22 was the main sources of heterogeneity in present 
meta-analysis, in which more than 30% of patients enrolled in this study had previous sphincterotomy and nearly 
18% of patients underwent concomitant endoscopic ultrasound or fine needle aspiration, which is a departure 
from other RCTs included. The mean age of patients included in this trial was 64.9 years, and indomethacin 
was administrated during the procedure, which separated this trial from other trials. The authors anticipated a 
sample size of 1398 to detect a 50% reduction in the frequency of post-ERCP pancreatitis from 5% to 2.5% while 
recruiting consecutive patients with a power of 80% and significance of 0.05. However, the trial was terminated 
by the Dartmouth Data and Safety Monitoring Committee prior to achieving the estimated number of patients. 
As a result, only a total of 449 patients were enrolled, leading to only 20% power to demonstrate the hypothesized 
difference with a significance of 0.05. Though there was a trend of increased incidence of post-ERCP pancreatitis 
in the indomethacin group, the early termination of the study may have prevented these findings from becoming 
significant and even reversed if they are taken to completion. The conclusion of this study should not be used to 
avoid indomethacin in all patients groups as the results of this study are underpowered and are of potential for 
type 2 error. Although no significant difference in the incidence of post-ERCP pancreatitis was detected between 

Subgroup analyses Sensitivity analyses

Subgroup
No. of patients 

(trials)

Test of relationship
Test of 

heterogeneity No. of patients 
(trials)

Test of relationship
Test of 

heterogeneity

RR (95% CI) P value I2, % P value RR (95% CI) P value I2, % P value

Total 6458 (16) 0.55 (0.42–0.71) <​0.01 41 0.04 6009 (15) 0.51 (0.41–0.65)  <0.01 24 0.18

Type of NSAIDs

  Indomethacin 5543 (10) 0.58 (0.45–0.75) <​0.01 34 0.13

  Diclofenac 915 (6) 0.41 (0.19–0.90) <​0.01 55 0.05 764 (5) 0.32 (0.19–0.56) <​0.01 0 0.52

Timing of administration

  Pre-ERCP 4530 (9) 0.53 (0.42–0.67) <​0.01 0 0.43

  Post-ERCP 1239 (5) 0.46 (0.24–0.89) <​0.01 61 0.03 1088 (4) 0.39 (0.24–0.63) <​0.01 30 0.23

Population

  High risk¶ 1135 (5) 0.41 (0.19–0.91) 0.03 66 0.02 984 (4) 0.31 (0.16–0.61) <​0.01 44 0.14

  Mixed risk† 2095 (7) 0.54 (0.33–0.88) 0.01 49 0.07 1646 (6) 0.46 (0.33–0.66) <​0.01 0 0.51

  Average risk‡ 2884 (3) 0.60 (0.41–0.88) <​0.01 28 0.25

Mean age

  ≤​60 2184 (9) 0.46 (0.31–0.69) <​0.01 39 0.11

  >​60 4034 (6) 0.64 (0.43–0.96) 0.03 55 0.05 3585 (5) 0.55 (0.40–0.76) <​0.01 22 0.28

Pancreatic stent

  Yes 3702 (7) 0.56 (0.34, 0.91) 0.02 67 <​0.01

  No 2516 (8) 0.56 (0.42, 0.75) 0.01 6 0.39

Table 4.   Subgroup analyses and sensitivity analyses of the efficacy of rectal NSAIDs versus no treatment 
in preventing post-ERCP pancreatitis. NSAIDs, non-steroidal anti-inflammatory drugs; ERCP, endoscopic 
retrograde cholangiopancreatography; RR, relative risk; CI, confidence interval. Patients were considered as 
high-risk for post-ERCP pancreatitis if they met one or more of the major criteria: clinical suspicion of SOD, a 
history of post-ERCP pancreatitis, pancreatic sphincterotomy, precut sphincterotomy, ≥​8 cannulation attempts, 
pneumatic dilatation of an intact biliary sphincter, or ampullectomy. Additionally, patients were also considered 
as high-risk for post-ERCP pancreatitis if they met at least two of the minor criteria: female less than 50 years, 
a history of recurrent pancreatitis (≥​2 episodes), ≥​3 injections of contrast agent into the pancreatic duct with 
≥​1 injection to the tail of the pancreas, excessive injection of contrast agent into the pancreatic duct resulting 
in opacification of pancreatic acini, or the acquisition of a cytologic specimen from the pancreatic duct with 
the use of a brush. Patients in the study by Khoshbaten et al. were also identified as high-risk for post-ERCP 
pancreatitis because they all underwent endoscopic retrograde pancreatography ±​ cholangiography due to 
extrahepatic cholestasis and/or impaired liver function tests. ‡Patients were considered as average-risk for 
post-ERCP pancreatitis if they did not meet above mentioned criteria for high-risk for post-ERCP pancreatitis. 
†Patients (e.g. unselected patients) were considered as mixed-risk for post-ERCP pancreatitis if the criteria of 
risk stratification of patients in included studies were not explicitly defined.
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groups with or without rectal diclofenac in high-risk patients, the study reported by Lua et al.28 lacked statisti-
cal power to assess this comparison owning to the small number of high-risk patients included (n =​ 144) and 
open-labelled design.

In the present meta-analysis, we explore whether the drug type or administrated timing of rectal NSAIDs 
had an impact on the outcome. On a subgroup analysis in which the type of NSAIDs (diclofenac or indometh-
acin) was compared for prevention of pancreatitis, we found that rectal diclofenac seemed more effective than 
rectal indomethacin for prevention of post-ERCP pancreatitis. As the discovered pharmacological mechanism 
in animal model, inactivation of phospholipase A2 could result in the inhibition of several important classes of 
pro-inflammatory lipids, e.g., prostaglandins, leukotrienes and platelet activating factor. In the case of phospholi-
pase A2 inhibition, however, indomethacin demonstrated a stronger inhibitory action compared with diclofenac. 
As statistics go, rectal diclofenac appeared to be more effective than rectal indomethacin in preventing post-ERCP 
pancreatitis. However, it should be noted that the number of subjects included in diclofenac group amounted to 
roughly a seventh of indomethacin group. The confidence interval (0.19–0.90) was quite wide duo to the fact 
that only 915 subjects were included in 6 studies as opposed to 5543 subjects of indomethacin group in 10 stud-
ies, and this should only be considered a very rough estimate of the comparison of rectal diclofenac with rectal 
indomethacin. To date, there was no larger RCT to perform to compare rectal indomethacin with diclofenac in 
a head-to-head form to explore any difference between these 2 agents regarding the efficacy in prevention of 
post-ERCP pancreatitis. Our aforementioned findings differ from the meta-analysis reported by Ding et al.46, 
which indicated that indomethacin and diclofenac render the same effectiveness for post-ERCP pancreatitis 
prophylaxis. It is noted that there were several routes of NSAIDs administration or different doses of diclofenac 
used in this meta-analysis, which may confounding the outcome to some extent. Three meta-analyses14,47,48 were 

Figure 4.  Forest plot showing a significant reduction in the risk of mild post-ERCP pancreatitis with rectal 
NSAIDs therapy. CI, confidence interval; M-H, Mantel-Haenszel; NSAIDs, nonsteroidal anti-inflammatory 
drugs; ERCP, endoscopic retrograde cholangiopancreatography.

Figure 5.  Forest plot showing a significant reduction in the risk of moderate to severe post-ERCP 
pancreatitis with rectal NSAIDs therapy. CI, confidence interval; M-H, Mantel-Haenszel; NSAIDs, 
nonsteroidal anti-inflammatory drugs; ERCP, endoscopic retrograde cholangiopancreatography.
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concordant with our findings, which suggested that efficiency of diclofenac was somehow superior to indometh-
acin on post-ERCP pancreatitis prophylaxis. One common limitation in these 3 meta-analyses and ours, are 
that the number of patients included in diclofenac group was far less than that in indomethacin group. Given 
the above limitation, further RCTs with a sufficient number of patients should focus on comparison between 
rectal diclofenac and rectal indomethacin in a direct form. Our subgroup analyses also showed that NSAIDs 
administered rectally post-ERCP seemed to be more effective than those administered pre-ERCP for pancreatitis 
prophylaxis. After removing the source of heterogeneity, NSAIDs administered rectally post-ERCP still seemed 
to be more effective in reducing the risk of post-ERCP pancreatitis than those administered pre-ERCP (54% 
versus 47%). Our findings conflict with the large recent RCT reported by Luo et al.18, in which routine pre-ERCP 
rectal indomethacin is superior to post-ERCP rectal indomethacin in lowering the risk of post-ERCP pancrea-
titis among high-risk patients. The same limitations in present meta-analysis was that the number of patients in 
post-ERCP subgroup was apparently less than that in comparable group (1088 versus 4530), leading to a lack of 
adequate statistical performance to verify the real pooled estimates. Hence, further larger RCTs are awaited to 
determine optimal drug type and timing of administration.

In the past 10 years, numerous meta-analyses have been published to investigate the preventive effect of 
NSAIDs on post-ERCP pancreatitis; nearly 10 meta-analyses dedicated to assessing efficiency of rectal route on 
prevention of post-ERCP pancreatitis. Of these meta-analyses, the earlier 2 meta-analyses by Sun, H.L. et al.47  
and Elmunzer, B.J., et al.49 included lesser RCTs that assessed the effect of rectal NSAIDs on prevention of 
post-ERCP pancreatitis, which enrolled 1846 and 912 subjects, respectively. The enrolled patients in our 
meta-analysis were markedly more than those in previous meta-analyses; we also evaluated amylase concen-
tration, the risk of hyperamylasemia and post-procedural pain, relevant complications as well as mortality. 
Importantly, several subgroup analyses were performed to explore the study heterogeneity based on key study 
characteristics and clinical factors. Furthermore, multiple sensitivity analyses were also carried out to detect the 
robustness and validity of overall results. It is almost inevitable that the previously published meta-analyses had 
several limitations, such as limited sample sizes, lack of precise pooled estimates, poor statistical power and less 
representative populations. In addition, the quality of evidence for the present outcomes of the review considered 
critical for clinical decision making was ranked “high” according to the GRADE framework, which could render 
more precisely and compelling estimates. Recently, one meta-analysis by Inamdar et al.50, which is currently in 
press, showed that rectal indomethacin significantly decreases the incidence of post-ERCP in high-risk patients 
but not in average-risk patients. It should be noted that the authors did not classify unselected patients as inde-
pendent risk population, and yet just classified included subjects into high- and average-risk patients based on 
validated patient- and procedure-related independent risk factors40. Significantly, Inamdar et al. pooled 8 RCTs 
for their meta-analysis, while the present meta-analysis included a total of 16 RCTs. These extra studies contrib-
uted 40.2% of the total random effects weight in the present meta-analysis. Furthermore, Inamdar et al. did not 
assess safety of the drug. In our subgroup analyses by grouping high risk, mixed risk and average risk, which 
suggested that rectal NSAIDs exhibit more protective benefits in lowering the risk of post-ERCP pancreatitis for 
high-risk population (59%, P <​ 0.01) compared with mixed- and average- risk population (46 and 40%, P <​ 0.01). 
To some extent, however, results of present meta-analysis may more accurately reflect the real effects of rectal 
NSAIDs in preventing post-ERCP pancreatitis for patients categorized by different patient- or procedure-related 
risk factors due to wider evidence base and sufficient data with greater statistical power. In addition, we did a 
subgroup analysis on the basis of age, in which mean age 60 in treatment group was deemed to be the cutoff point. 
The subgroup analysis reveals that rectal NSAIDs may be useful for the reduction of post-ERCP pancreatitis 
in younger patients (<​60) compared with patients over the age of 60. The study reported by Sotoudehmanesh  
et al.25 suggested that age lower than 60 years is of significant risk for developing post-ERCP pancreatitis (OR, 
2.7; 95% CI 1.04–7.1). In the light of above findings, rectal NSAIDs certainly seemed to be more effective for high 
risk population, e.g. age <​60. Additionally, we find that rectal NSAIDs may lower the serum amylase (2 h and 24 h 
post-ERCP), the risk of hyperamylasemia and post-procedural pain, indicating that rectal NSAIDs may prevent 
the elevation of serum amylase, lower the risk of hyperamylasemia, and relieve the pain. The finding conflicts 
with a meta-analysis reported by Sun et al.47, in which no significant difference was detected in these values at 
24 h following ERCP. One new study26 included in our meta-analysis may increase the statistical performance, 
which accounts for difference between two meta-analyses. It should be noted that substantial heterogeneity was 

Figure 6.  Forest plot showing no statistic differences in adverse events attributable to NSAIDs therapy. CI, 
confidence interval; M-H, Mantel-Haenszel; NSAIDs, nonsteroidal anti-inflammatory drugs.
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present in pooled estimates for hyperamylasemia. Different definition of hyperamylasemia may accounted for 
high heterogeneity, such as serum amylase levels >100 IU/mL23,26,27 or 3 times greater than the upper limit of 
normal19,24,44. It is also important to note that the incidence of post-ERCP pancreatitis in control group varied 
from 4.8 to 26%, indicating the heterogeneity of the population studied. However, we found that it does not make 
any significant differences in the risk of overall post-ERCP pancreatitis (RR =​ 0.57, 95% CI, 0.44–0.73, P <​ 0.01), 
mean levels of serum amylase 2 h and 24 h post-ERCP (WMD =​ −​78.51, 95% CI, −​108.41 to −​48.61, P <​ 0.01 
and WMD =​ −​285.02, 95% CI, −​440.22 to −​129.83, P <​ 0.01) when a study by Khoshbaten, M. et al.12 involving 
very high incidence (26%) is excluded. Importantly, there were no statistical association between rectal NSAIDs 
and relevant adverse events attributable to NSAIDs use, including bleeding, perforation, ARF and cholangitis, or 
death events. Findings from our pooled results of 15 studies, as well as the previous published data, suggest that 
standard dose administration of rectal NSAIDs pre- or post-ERCP does not increase the risk of bleeding1. On the 
whole, rectal NSAIDs are effective and safe for post-ERCP prophylaxis when given as a standard dose.

Limitations of this meta-analysis must be considered. First, we found mild heterogeneity across the studies in 
our meta-analysis. It is not surprising given that the difference in the data source, study population, NSAIDs type, 
the timing of administration, and study design. However, after exclusion of heterogeneity resource, the overall 
estimates of prophylactic efficacy do not change substantially. Second, the characteristics of included patients, 
diagnostic criterion of pancreatitis as well as criterion of pancreatitis severity, definition of the risk stratification 
of the patients and intervention regiment varied across studies, which may influence the results, thereby lim-
iting comparability to some extent. However, pooled results remained robust in multiple sensitivity analyses. 
Third, we analyzed amylase concentration (24 h post-ERCP), the risk of hyperamylasemia and pain on the basis 
of insufficiency sample size, of which evidence was ranked as moderate or low based on GRADE framework. 
Significant differences between two groups might result from type 1 error, and need to be further investigated. 
Ideally, large-scale RCTs should be conducted in the future to compare different NSAIDs (indomethacin versus 
diclofenac), different doses and timing of administration (pre-procedure versus post-procedure), to determine 
the best NSAID, optimal dose and timing of administration.

In conclusion, this meta-analysis provides “high quality” evidence that rectal NSAIDs appear to be a safe, 
simple, economical strategy, and could significantly reduce the risk of post-ERCP pancreatitis in all levels of risk 
populations. Therefore, rectal NSAIDs should be recommended as routine clinical use for patients who undergo 
ERCP without exact contraindication to NSAIDs therapy or ERCP.
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