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Abstract

Background or Purpose There is controversy regarding the efficacy of nonsteroidal anti-inflammatory drugs (NSAIDs) for
prophylaxis against endoscopic retrograde cholangiopancreatography (ERCP) postoperative pancreatitis. Therefore, we conduct-
ed a systematic review and meta-analysis to evaluate the efficacy of NSAIDs for prophylaxis against post-ERCP pancreatitis
(PEP).

Methods PubMed, EMBASE, and Cochrane library databases were searched for relevant randomized controlled trials (RCTs).
Selected RCTs were pooled under a fixed effects model to generate the relative risks (RRs) and their corresponding 95%
confidence intervals (CIs).

Results Nineteen RCTs involving a total of 5031 patients (2555 in the intervention group and 2476 in the control group) were
selected. Overall, NSAIDs were associated with a significant reduction in risk of PEP (RR =0.54, 95% CI 0.45 to 0.64, P =
40.4%) and moderate to severe PEP (RR =0.45, 95% CI 0.30 to 0.67, ¥ = 0%) compared with the control group. Subgroup
analyses were performed according to route of administration (rectal or other), type of NSAIDs (diclofenac, indomethacin, or
other), timing of administration (pre-ERCP, post-ERCP, or other), and patient population (high risk or general). Subgroup
analyses showed difference in clinical efficacy of NSAID prophylaxis regardless of route, timing, or specific type of NSAID.
Conclusion NSAIDs were associated with a significant reduction in risk of PEP and moderate to severe PEP compared to the
control group.

Keywords Nonsteroidal anti-inflammatory drugs - Endoscopic retrograde cholangiopancreatography - Pancreatitis - Randomized
controlled trials - Systematic review - Meta-analysis

Introduction of the biliary tree and pancreas. Acute pancreatitis is the most

frequent and severe complication of ERCP. The occurrence of
Endoscopic retrograde cholangiopancreatography (ERCP) is  post-ERCP pancreatitis (PEP) varies between 1 and 25% de-
a common diagnostic and therapeutic procedure for disorders  pending on the risk factors and the indication of ERCP." ™ The
vast majority of PEP has a mild or moderate course, but in
0.3-0.6% of cases, PEP is severe in nature with a need for

Lan Liu and Chenghao Li contributed equally to this work. intensive care and invasive interventions and, at worst, can
56
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(https://doi.org/10.1007/s11605-018-3967-7) contains supplementary Several approaches to reduce the risk of PEP have been

material, which is available to authorized users. investigated. Insertion of pancreatic duct (PD) stents has been

shown to reduce the risk of PEP in high-risk patients and the
risk of severe PEP.” However, stent placement has draw-
backs, which include failed placement, migration, and ductal
perforation.'™'" Thus, the use of PD stents is limited to pa-
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Pharmacological prophylaxis of pancreatitis after PEP has
remained favorable in various trials in recent years.
Nonsteroidal anti-inflammatory drugs (NSAIDs) have shown
the most encouraging results in this respect by attenuating the
inflammatory response seen in pancreatitis.'> NSAIDs like
diclofenac inhibit phospholipase A2'* and suppress
neutrophil/endothelial cell attachment, thereby restricting the
accumulation of neutrophils at the site of tissue injury. In
addition, they inhibit the expression of nitric oxide synthase,
which is linked to inflammation and cell damage.'?
Furthermore, NSAIDs are easily administered, inexpensive,
and relatively safe when given as a single dose, making them
an attractive treatment option.

Thus far, a number of randomized controlled trials
(RCTs)'*!1%16732 have been conducted to investigate the
efficacy of NSAIDs for prophylaxis against PEP. However,
the results of these trials were conflicting, as several
frigls! 1416.18.1921222426-28.30-32 (el promising results,

whereas others!”2%23252% showed null results. Therefore,

we performed a systematic review and meta-analysis of pub-
lished studies to provide a comprehensive assessment of the
efficacy of NSAIDs for prophylaxis against PEP.

Materials and Methods

The present meta-analysis was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) guidelines.*?

Search Strategy

We searched PubMed, Embase, and the Cochrane Library
databases for relevant publications up to December 2017.
The following search terms and their combinations were
used to identify relevant publications: (endoscopic

Fig. 1 Flow diagram for studies’ identification and selection
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retrograde cholangiopancreatography ORERCP) AND
pancreatitis AND (nonsteroidal anti-inflammatory drugs
ORNSAIDs). We did not impose any language restrictions
on database searches. In addition, the references cited in
the retrieved manuscripts were also manually searched to
identify additional relevant publications that were missed
during the database searches.

Selection Criteria

Randomized controlled trials evaluating the efficacy of
NSAIDs for prophylaxis against PEP were selected, if they
met the following criteria: (1) Reported either the effect esti-
mates, such as RRs with 95% CIs, or sufficient information to
calculate these values; (2) reported the following outcomes:
the severity of PEP (any, mild, or moderate to severe).

Data Extraction and Quality Assessment

All available data was extracted from each study by two
investigators independently based on the inclusion
criteria listed above. Any disagreement was resolved
through discussion with a third investigator. The follow-
ing information was extracted from all included studies:
first author, year of publication, country, gender, mean
age, study design, intervention group, and outcomes
assessed. The quality of the RCTs was evaluated using
the Cochrane Collaboration’s tool for assessing the risk
of bias.** The assessment included the following com-
ponents: random sequence generation, allocation con-
cealment, blinding of patients and study personnel,
blinding of outcome assessment, completeness of out-
come data, selective reporting of outcomes, and other
biases to validity.

a b
Random soquonco gonoration (solecton bios) NN |
~ Alocation concealment (selectionbios) NS B
§ Blinding of participants and p 1ol (performance bias) _:-
_ 3§ Biinding of t(cetocionbias) IS B
i 3 Incomplete outcome data (attrition bias) _
H Selective reporting (reporting bias) I
omervos NN ]
: 0% 25% 0% 75%  100%
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Arceadse-Duvia 2015

Creca 2007
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Fig. 2 Risk of bias assessments for the randomized trials included in the meta-analysis. a Risk of bias summary. b Risk of bias graph. Symbols: (+) low

risk of bias; (?) unclear risk of bias; (-) high risk of bias
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Statistical Analysis

Dichotomous outcomes included rates or proportions from
which pooled relative risk (RR) and 95% confidence intervals
(CI) were estimated. When P> 0.1 or I° < 50%, indicating a
lack of heterogeneity, for these analyses, the fixed effects
model was used; otherwise, the random effects model was
applied. Sensitivity analysis by omitting a single study in each
turn was performed to assess the relative influence of each
study on the pooled estimate. Publication bias was evaluated
by visual inspection of symmetry of Begg’s funnel plot and
assessment of Begg’s and Egger’s test. Trim and fill analysis
was applied if publication bias was detected. The Q and I
statistics were used to assess statistical heterogeneity across
studies. For the O statistic, P < 0.1 was considered statistically
significant; for the /* statistic, the following cutoff points were
used: <25% (low heterogeneity), 25-50% (moderate hetero-
geneity), > 50-75% (high heterogeneity), and > 75% (severe
heterogeneity)®>. One study’ investigated the prevention of
PEP using rectal and intramuscular administration, and the
data was analyzed separately for each group; hence, we ana-
lyzed them as two separate studies. We performed subgroup
analyses according to route of administration (rectal or other),
type of NSAIDs (diclofenac, indomethacin, or other), timing
of administration (pre-ERCP, post-ERCP, or other), and pop-
ulation (high risk or general). All statistical analyses were

performed using STATA Software (version 12.0, StataCorp,
College Station, TX). All P values were two-sided, and the
level of significance was set at < 0.05.

Results
Study Selection

From the initial electronic database searches, we identified
293 relevant studies. We found four additional studies by
searching the reference lists of review articles.>® Based on
the inclusion criteria, 31 articles qualified for full-text evalua-
tion. After evaluation, 12 articles were deemed unsuitable, of
which eight were not focused on NSAIDs and four did not
present usable data, and hence were excluded. Finally, 19
studies'*'*132 with 5031 patients were included into the
present meta-analysis. The flowchart for the selection of stud-
ies and reasons for exclusion are presented in Fig. 1.

Characteristics of the Studies

The main characteristics of the selected studies are shown in
Table 1. The included studies were published between 2003
and 2016. The studies were performed in various countries,
and the study size ranged from 80 to 665 patients (the
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. i © RR@5%C)  Weight
4 RRES%CI)  Weight D RR(95%CH  Weight @s%C1) o
= ! Diciotenac
Muray (2003) —] 041(0.18,095)507 Murray (2003) —| 0410.18,095) 507 iy sy —=— S e
Cheon (2007) e 0.97 (0.53,1.80)5.15 Montano Loza (2007) ——— 033(0.11,099) 358 Knoshbaten (2008) —_— 0.15(0.04,065) 3.88
Montano Loza (2007) —_— 0.33(0.11,099)3.58 i‘h"°“h‘f"‘“;“;;gﬂ‘f°°” — & g:; ig l‘: ;ég: e Senol (2009) 043 (012, 1.54) 2.00
— ostbean —— 3 Otsuka (2012) 021(005,090) 293
Sotoudehmanesh (2007) ] 047(0.19,1.12)4.48 Dobronte (2012) e 075(0:34,167) 3.74 Lua (2015) 190 (0.58,622) 1.14
Khoshbaten (2008) —_— 0.15(0.04,065)3.88 Eimunzer (2012) - 054(035,084) 1520 Shafque (2016) —— 041(021,081) 656
Senol (2009) —_— 0.43(0.12, 1.54)2.09 Otsuka (2012) —_— 0.21(0.05,0.90) 2.93 0.14(002,112) 2.00
i Y Dobronte (2014) = 083 (046, 150) 6.8 014002, 112 200
Imunzer (2012) ( ) Lua (2015) e 190 (0.58,622) 1.14
Otsuka (2012) — i 021(0.05,090)293 Patai (2015) — 048 (026,083 1106 ot i i
Dobronte (2014) = 083 (0.46,150)6.85 Hossaini (2016) — 068(0.33, 1.38) 495 L S e
Andrade-Davila (2015) —_— 0.24(0.08,069)5.01 Levenick (2016) T 147(070.341) 326 Dobronte (2012) 075034, 167) 374
p Mansour-Ghanae (2016) —— 043(023,081) 835 4
Lua (2015 ——— 190(058,6.22)1.14 Eimunzer (2012) 054(035.084) 1520
e gon a s ez P &= bz em s @012 ‘ ssaosson 1o
2% UCAR-a (2016 0.14(002, 1.12) 209 AndradoDavia (2015) —— 024(0.05,069) 5.01
Fujta (2016) 0.25(0.06,1.10) 252 Subtotal (1-squared = 41.4%, p = 0.042) 053 (044, 064) 88.15 Patai 2015) 048(028,083) 11.06
Hosseini (2016) —= 068(0.33,1.38)4.95 Hosseini (2016) 068(0.33, 1.38)
i il P Other Lovenick (2016) 147(070,311) 3.26
lansolr;hianael (2019); (0.25.0.01) Senol (2009) 043(0.12, 154) 2,00 i
Shafque (2016) —i— 0.41(0.21,0.81)6.56 Fuiita (2016) 0.25(0.06,1.10) 2.52 s 2016) B 025(0.06,1.10) 2.52
UCAR-a (2016) 0.14(0.02,1.12)209 UCARD 016) — 014002, 112) 2,00 s DOt otey S Lz
UCAR'b (2016) 0.14(0.02,1.12)209 Sublotal (i-squared = 49.7%,p =0.114)  <T>| 058(036,093) 1185 Subtotal (1-squared =0.0%, p =0513) < 039(022,0.70) 1088
Overall (-squared = 40.4%, p = 0.032) 0.54(0.45, 0.64) 100.00 '
Overall (I-squared = 40.4%, p = 0.032) 0.54(045,064) 10000 Ovarah (1aquared = 40.4%, p = 0.052) $ 054 (0.45,0.84) 10000
T T T T T T
015 548 015 548 015 548

NSAIDs ' Control

NSAIDs ' Control

NSAIDs ' Control

%
RR(95%Cl)  Weight

041(0.18,095) 507
097 (0.53,180) 515

Study % Study
) RR(@%C)  Weight >

H High risk |
Murray (2009) e 041(0.18,095) 507 :
Knoshbaten (2008) — 015(0.04.065) 388 Moy oo —
‘Senol (2009) —_— 0.43(0.12,1.54) 2.09 inon ( ) i

oshbaten — -

Elmunzer (2012) —_ 054 (0.35,0.84) 1520 Khoshbaten (2008)
Andrade-Davia (2015) —— 024(0.08.069) 501 Eimunzer (2012 i 3
Lua (2015) —t— 190(058,622) 114 Andrade-Davila (2015) ——
Fujta (2016) S——— 025006, 1.10) 252 Lua (2015)
Subtotal (1squared = 429%,p=0.105) < 045(033,062) 3492 Fuita (2016)

H Subtotal (\-squared = 59.0%, p = 0.023)
Cheon (2007) iy omy 097(053,1.80) 5.15 General
Levenick (2016) |t 147(070,3.11) 326 Montano Loza (2007)
Subtotal (1-squared = 0.0%, p = 0.396) <= 117(073,187) 841 ol LY P |
Pro Senol (2009) —
Montano Loza (2007) 033(0.11,099) 358 Dobronte (2012) —

‘Sotoudehmanesh (2007) 047(0.19, 1.12) 448 Otsuka (2012)

—
Pl N |

Dobronte (2012) —— 075(0:34,167) 374
—_—

- Dobronte (2014) e
Otsuka (2012) 021(005,090) 293 Patai (2015) —
Dobronte (2014) = 083(046, 1.50) 685 Hosseini (2016) —=
Patai (2015) — 048 (028,083) 1106 Levenick (2016) 1
Hosseini (2016) — 068(033, 1.38) 495 Mansour-Ghanaei (2016) —
Mansour-Ghanaei (2016) — 043(023,081) 835 ‘Shafque (2016) =
Shafque (2016) — 041(021,081) 656 UCAR-a (2016)

UCAR-a (2016) _— 014(002,1.12) 209

UCAR'b (2016) —_— 014(002, 1.12) 209 -

Subtotal (1-squared = 0.6%, p = 0.435) < 049(039,062) 5667 Subtotel  (equsied = 30.8% b= 0.140)

Overall (I-squared = 40.4%, p = 0.032) ¢ 0.54(045,064) 100.00 Overall (I-squared = 40.4%, p = 0.032)

025(0.06, 1.10) 252
052(0.40,069) 37.98

033(0.11,099) 358
047(0.19,1.12) 4.48
043(0.12, 154) 2.09
075(0.34,167) 374
021(0.05,090) 2.93
083 (0.46, 150) 6.85
048(0.28,083) 11.06
068(0.33,138) 495
147(070,311) 326
043(023,081) 835
041(021,081) 656
014 (0,02, 1.12) 209
014 (002, 112) 209
054 (0.44,068) 6202

054 (0.45,0.64) 100,00

T T
015 015

NSAIDs ' Control

NSAIDs ' Control

Fig. 3 Effect of NSAIDs for prophylaxis against post-ERCP pancreatitis. a Total. b Route of administration. ¢ Type of NSAIDs. d Timing of

administration. e Patient population
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intervention group from 40 to 347 and the control group from
40 to 318). The mean patient age ranged from 42.93 to 75.
Nineteen RCTs were included in our meta-analysis, and
a total of four different types of NSAIDs were used;
diclofenac’]3,14,16,17,22,25,31,32 indomethacin’l8721,23,24,26,28,29
flurbiprofen,?” and naproxen.*® The summary of selection bi-
as, performance bias, detection bias, attrition bias, reporting
bias, and other biases identified for each individual RCT is
shown in Fig. 2. All of the included RCTs showed moderate or
high quality with acceptable and moderate risk of bias.

Quantitative Synthesis

The Incidence of PEP This outcome was reported in 19 trials
that compared NSAIDs to placebo. Of the 5031 patients,

Table 2 Subgroup analysis of the meta-analysis

2555 were in the intervention group and 2476 were in the
control group. Heterogeneity between these studies was
low (7 =40.4%), which was derived from the fixed ef-
fects model. Administration of NSAIDs was associated
with a significant reduction in risk of PEP compared to
the control group (RR=0.54, 95% CI 0.45 to 0.64, P =
40.4%) (Fig. 3a). All subgroup analyses (Fig. 3b—e) were
generally consistent with the overall results and are sum-
marized in Table 2.

The Incidence of Moderate to Severe PEP This outcome was
reported in 13 trials'®!'7-19-21727:2930-32 apndq compared
NSAIDs to placebo. Of the 4071 patients, 2034 were in
the intervention group, and 2037 were in the control
group. No significant heterogeneity between these studies

Outcomes Subgroup Number Effect (95% CI) Estimate for Heterogeneity
of trials overall effect
Any PEP Total 20 0.54 (0.45, 0.64) P<0.001 P =40.4%, P=0.032
Route of administration
Rectal 16 0.53(0.44, 0.64) P<0.001 P =41.4%, P=0.042
Other 4 0.58(0.36, 0.93) P=0.025 P =49.7%, P=0.114
Type of NSAIDs
Diclofenac 9 0.47 (0.34, 0.65) P<0.001 P =53%, P=0.030
Indomethacin 9 0.60 (0.48, 0.74) P<0.001 P =35.6%, P=0.133
Other 2 0.39 (0.22, 0.70) P=0.002 P =0%, P=0.513
Timing of administration
Pre-ERCP 11 0.49 (0.39, 0.62) P<0.001 P =0.6%, P=0.435
Post-ERCP 0.45 (0.33, 0.62) P<0.001 P =42.9%, P=0.105
Other 1.17 (0.73, 1.87) P=0.523 P =0%, P=0.396
Population
High risk 7 0.52 (0.40, 0.69) P<0.001 P =59%, P=0.023
General 13 0.54 (0.44, 0.68) P<0.001 P =30.5%, P=0.140
Severe PEP Total 14 0.45 (0.30, 0.67) P<0.001 P =0%, P=0.740
Route of administration
Rectal 11 0.48(0.32, 0.73) P=0.001 P =0%, P=0.664
Other 3 0.23(0.05, 1.06) P=0.059 P =0%, P=0.509
Type of NSAIDs
Diclofenac 6 0.45(0.19, 1.07) P=0.072 P =14.4%,P=0.322
Indomethacin 0.48 (0.29, 0.80) P=0.004 P =0%,P=0722
Other 0.34 (0.12, 0.98) P=0.045 P =0%, P=0.567
Timing of administration
Pre-ERCP 7 0.37 (0.20, 0.70) P=0.002 P =0%, P=0.599
Post-ERCP 5 0.53 (0.31, 0.92) P=0.023 P =8.1%, P=0.361
Other 2 0.43 (0.06, 2.89) P=0.382 P =0%, P=0.449
Population
High risk 0.54 (0.32, 0.93) P=0.025 P =0%, P=0472
General 8 0.36 (0.20, 0.67) P=0.001 P =0%, P=0.684

CI, confidence interval; ERCP, endoscopic retrograde cholangiopancreatography; PEP, post-ERCP pancreatitis; NSAIDs, nonsteroidal anti-

inflammatory drugs
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was found (12 =0%) using the fixed effects model.
Administration of NSAIDs was associated with a signifi-
cant reduction in the risk of moderate to severe PEP com-
pared to the control group (RR=0.45, 95% CI 0.30 to
0.67, I’ =0%) (Fig. 4a). All subgroup results (Fig. 4b—e)
were generally consistent with the overall results and are
summarized in Table 2.

Sensitivity Analysis

Sensitivity analysis revealed that the overall results were free

from the influence of a single study (Fig. 5).

Publication Bias

Begg’s and Egger’s regression test demonstrated no ev-
idence of asymmetrical distribution in the funnel plot
for the incidence of moderate to severe PEP (Begg’s
test P=0.381; Egger’s test P=0.337) (Fig. 6a).
However, Begg’s test showed the presence of publica-
tion bias for incidence of PEP (Begg’s test P=0.019;
Egger’s test P=0.053) (Fig. 6b). The results remained
statistically significant after trim and fill method was
performed, suggesting that there were no studies to be

filled (Fig. S1).

b

Discussion

The meta-analysis included 19 RCTs with 5031 patients (2555
in the intervention group and 2476 in the control group) dem-
onstrated that NSAIDs were associated with a significant re-
duction in risk of post-ERCP pancreatitis and moderate to
severe PEP compared to the control group.

The efficacy of NSAIDs for prophylaxis against PEP has
been investigated in several previous meta-analyses.>’ >° To
our knowledge, the current meta-analysis is the largest and
most comprehensive in investigating the efficacy of NSAIDs
for prophylaxis against PEP and consisted of 5031 patients
from 19 RCTs. Recently, Yang et al’” conducted a compre-
hensive meta-analysis on the efficacy of NSAIDs for prophy-
laxis against PEP. Compared to the meta-analysis conducted
by Yang et al., we included seven additional
studies.'+17:23:27:2831.32 1y addition, we performed more com-
prehensive subgroup analyses compared to the work per-
formed by Hou et al.®>” The study by Luo et al.*® from a
meta-analysis by Hou et al. was not included in our meta-
analysis because of the treatment and control group receiving
NSAID administration.

Rectal NSAID administration has shown potential benefit
on PEP prevention despite conflicting findings in multiple
single-center RCTs. Elmunzer et al. performed a multicenter
RCT comparing a single dose of 100 mg of rectal
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Fig. 5 Sensitivity analysis of the a
effect of NSAIDs for prophylaxis
against post-ERCP pancreatitis. a
Incidence of post-ERCP
pancreatitis. b Incidence of
moderate to severe post-ERCP
pancreatitis
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indomethacin to placebo following ERCP in selected high-
risk patients and found that 9.2% of patients in the indometh-
acin group developed PEP compared to 16.9% in the placebo
group, demonstrating a statistically significant difference (P =
0.005).2! The incidence of moderate to severe pancreatitis was
also significantly decreased in the indomethacin group com-
pared to that in the placebo. However, the majority of patients
in this study had possible sphincter of Oddi dysfunction, thus
limiting the generalizability of the findings. For such patients,
the benefit of ERCP is unclear and there may be an elevated

@ Springer
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risk of PEP.** Additionally, the majority of patients also had a
PD stent attempted or placed, and as a result, it was unclear
whether indomethacin was the sole contributor for the im-
proved outcomes. Finally, the authors specifically excluded
patients with malignant biliary obstruction and patients with
other common low-risk indications for ERCP. In a subsequent
meta-analysis of 7 RCTs with a total of 2133 patients, rectal
indomethacin demonstrated a similar reduction in PEP.*!
However, the majority of patients were at high risk and all
studies included patients with suspected SOD.*' A recent
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Fig.6 Funnel plot for publication bias. Each point represents a separate study for the indicated association. a Incidence of moderate to severe post-ERCP

pancreatitis. b Incidence of post-ERCP pancreatitis

RCT involving mainly average-risk patients failed to find a
benefit with rectal indomethacin administration when com-
pared to placebo.?’ Therefore, the benefit of rectal NSAIDs
has not been definitively demonstrated in low-risk patients
and patients with malignant obstruction, who, together, com-
prise the majority of patients undergoing ERCP in real-world
practice.

Several limitations of our meta-analysis should be ad-
dressed. Firstly, the characteristics of the included patients,
diagnostic criteria of pancreatitis as well as the criteria of
pancreatitis severity, definition of the risk stratification of the
patients, administration dose, and intervention regimen varied
across studies, which may influence the results, hence limiting
comparability to some extent. Secondly, there may have been
potential publication bias in this meta-analysis since we did
not include several unpublished papers because the data was
not available to us. Thirdly, our results were based on unad-
justed assessment of RRs, which may influence our results.
Based on these limitations mentioned above, the results
should be regarded with caution.

Conclusion

In conclusion, despite the limitations of our meta-analysis, our
study confirmed that NSAIDs were associated with a signifi-
cant reduction in risk of post-ERCP pancreatitis and moderate
to severe PEP compared to the control group, especially via
rectal administration. Further studies with larger cohorts and
well-designed protocols are required to validate our findings.
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