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ABSTRACT

Background and study aims Post-endoscopic retrograde

cholangiopancreatography pancreatitis (PEP) is a common

complication of endoscopic retrograde cholangiopancrea-

tography (ERCP). Multiple drugs and techniques have been

studied for the prevention of PEP. Topical epinephrine has

shown mixed results and is still not widely accepted as an

alternative for prevention of PEP. We performed a systema-

tic review and meta-analysis to evaluate the efficacy of to-

pical epinephrine in preventing PEP.

Methods A comprehensive literature review was conduct-

ed by searching Cochrane library database, Embase and

PubMed up to August 2019, to identify all studies that eval-

uated use of topical epinephrine alone or in conjunction

with other agents for prevention of PEP. Outcomes included

prevention of PEP with use of topical epinephrine and eval-

uation of whether addiing epinephrine provides any addi-

tional benefit in preventing PEP. All analysis was conducted

using Revman 5.3.

Results Eight studies, including six randomized controlled

trials and two observational studies with 4123 patients,

were included in the meta-analysis. Overall, there was no

difference in incidence of PEP in patients who underwent

ERCP and were treated with epinephrine spray versus those

who were not, RR=0.63 (CI 0.32–1.24) with heterogeneity

(I2 =72%). However, on a subgroup analysis, topical epine-

phrine significantly decreases the risk of PEP when compar-

ed to placebo alone (means no intervention was done in-

cluding no rectal indomethacin)., RR=0.32 (0.18–0.57). In

another subgroup analysis, there was no statistically signif-

icant difference in using topical epinephrine along with rec-

tal indomethacin in preventing PEP compared to rectal in-

domethacin alone RR=0.87 (0.46–1.64).

Conclusion Topical epinephrine does not provide any ad-

ditional benefit in preventing PEP when used in conjunction

with rectal indomethacin. In subgroup analysis, topical

epinephrine appeared to decrease risk of PEP in the absence

of rectal indomethacin, and could be considered when rec-

tal indomethacin is unavailable or if there is a contraindica-

tion to its use.
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Introduction
Post-endoscopic retrograde cholangiopancreatography pan-
creatitis (PEP) is the most common complication of endoscopic
retrograde cholangiopancreatography pancreatitis (ERCP) and
as defined by Cotton et al., it is characterized by two of the fol-
lowing three findings; abdominal pain, elevation of pancreatic
enzymes three times the upper limit, and/or radiographic find-
ings of pancreatitis [1]. Incidence of PEP is around 5% to 10%
with severe pancreatitis comprising 0.3% to 0.5% of cases [2–
4]. Mortality associated with PEP is about 0.2% [3]. Risk factors
for PEP include female sex, younger patient age, sphincter of
Oddi dysfunction, normal-sized common bile duct, difficult or
prolonged cannulation, ERCP requiring balloon dilation of an in-
tact sphincter, and pancreatic sphincterotomy [2, 5, 6]. Ampul-
lary trauma from manipulation or prolonged cannulation plays
a role in PEP. Procedural techniques such as guidewire cannula-
tion, needle-knife access, and early precut can reduce ampul-
lary injury and thus aid in preventing PEP, though they may
come with their own risk of PEP [7, 8]. In a recent systematic re-
view including 25 randomized controlled trials (RCTs), inci-
dence of PEP in patients with common bile duct stones who un-
derwent ERCP was comparable between endoscopic papillary
balloon dilation, endoscopic sphincterotomy (ES), and the
combination of large balloon dilation and endoscopic sphinc-
terotomy [9]. In another systematic review, evaluating the safe-
ty of different modes of electrical current during biliary sphinc-
terotomy revealed that pure cut carries a lower risk of PEP while
the monopolar mode is associated with a higher risk of PEP [10].
There is no difference in PEP with use of carbon dioxide insuffla-
tion compared to ambient air insufflation [11]. In patients with
repeated pancreatic duct (PD) cannulation and contrast injec-
tion, a prophylactic PD stent has been shown to reduce PEP
[12, 13].

Besides endoscopic procedural techniques, many pharma-
cological agents have been studied for prophylaxis of PEP [14].
Rectal nonsteroidal anti-inflammatory drugs (NSAIDs) have
been shown to decrease incidence of PEP and the American So-
ciety for Gastrointestinal Endoscopy recommends use of rectal
indomethacin or diclofenac immediately before or after the
ERCP for the prevention of PEP [15–17]. In a recent meta-anal-
ysis of 21 RCTs, including 6584 patients, administration of rec-
tal diclofenac and indomethacin significantly reduced risk of
developing mild PEP [17].

Topical epinephrine has recently been studied for prevention
of PEP and theoretically should work similarly as a PD stent. To-
pical epinephrine sprayed on the ampulla can reduce edema by
arteriolar vasoconstriction and therefore improve pancreatic
outflow [18]. Evidence regarding use of topical epinephrine in
prevention of PEP is inconsistent, with some studies favoring
their use while other studies did not show any benefit. Com-
pounding this question is concurrent use of topical epinephrine
with rectal NSAIDS [19–21]. We, therefore, conducted a sys-
tematic review and meta-analysis to delineate if topical epine-
phrine is useful in the prevention of PEP.

Materials and methods
Information sources and search strategy

A systematic literature search was conducted of the Cochrane
library database, Embase and PubMed, from Inception to Au-
gust 8, 2019 to identify all studies that evaluated the role of to-
pical epinephrine in prevention of PEP. The systematic literature
review was independently conducted by two investigators (U.
Iqbal and M. Siddiqui) using search terms as follows: “Epine-
phrine” [Mesh] OR epinephrine [tiab] OR adrenaline [tiab] AND
“Cholangiopancreatography, Endoscopic Retrograde” [Mesh]
OR “endoscopic retrograde cholangiopancreatography” [tiab]
OR ERCP [tiab] AND “Pancreatitis” [Mesh] OR pancreatitis
[tiab] OR Pancreatitides [tiab]. Details of the exact search terms
are listed in Appendix. A manual search for further relevant ar-
ticles was also performed using references from the included
articles. We did not apply any language limitations for inclusion
of studies. Our study was conducted in agreement with the pre-
ferred reporting items for systematic reviews and meta-analysis
(PRISMA) statement [22]. We have registered our systematic
review in the PROSPERO international database with registra-
tion number CRD42020147575.

Selection criteria

Eligible studies were required to be RCTs or observational stud-
ies that evaluated use of topical epinephrine for prevention of
PEP. If a study was presented as both abstract and later pub-
lished, we included the fully published article in our meta-anal-
ysis to avoid duplication. Sample size of a study did not restrict
its inclusion to the systematic review. We excluded individual
case reports or case series from our systematic review. The
Newcastle–Ottawa quality assessment scale was used to evalu-
ate the quality of observational studies in three areas: recruit-
ment of cases and controls, comparability of the two groups
and outcome of interest of the cohort study. The methodologi-
cal quality of the RCTs included in the analysis was measured
using the Jadad scoring system from 0 to 5 [23]. Results of the
methodological quality assessment did not impact the eligibil-
ity of the studies to be included in the meta-analysis.

Data extraction

A structured data collection form was used to extract the fol-
lowing data from each study: title of the study, publication
year, name of the first author, country where the study was per-
formed, number of participants, characteristics of participants,
use of topical epinephrine, use of any other agents for preven-
tion of PEP (rectal indomethacin) and outcome measurement
(incidence of PEP, and severe pancreatitis). To ensure accuracy,
data extraction was independently performed by two investiga-
tors (U IQBAL and O Siddique) and was reviewed by the third in-
vestigator (K Haq). Any disagreement was resolved by mutual
consensus.

Statistical analysis

Statistical analysis was performed using RevMan 5.3 software
(Cochrane Collaboration, London, United Kingdom). For the
main outcome (incidence of PEP), incidence of PEP in the epine-
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phrine group compared with patients who did not receive
epinephrine was determined using the Mantel–Haenszel OR.
An overall OR of less than 1 for this outcome indicated that
the odds of PEP were lower in the treatment group than in the
control group. A random-effects model was uszed for this
meta-analysis, with point estimates, variance, and weights for
each study based on the size of the study and the number of
events. P<0.05 was considered statistically significant. Hetero-
geneity was assessed using the I2 index. A value of I2 of 0% to
25% represented insignificant heterogeneity, 26% to 50% re-
presented low heterogeneity, 51% to 75% represented moder-
ate heterogeneity, and >75% represented high heterogeneity
[24]. The secondary outcome was to evaluate the incidence of
severe pancreatitis.

Results
Initial search revealed 109 articles, of which eight studies, in-
cluding six RCTs and two observational studies with 4123 pa-
tients were included in this systematic review and meta-analy-
sis [19–21, 25–29]. ▶Fig. 1 shows the systematic search used in
the study. It is important to note that our overall results includ-
ed two types of studies: some that which evaluated both topi-
cal epinephrine and rectal indomethacin therapy together and
some studies that compared topical epinephrine versus place-
bo therapy. Five RCTs were of good quality while one was of
fair quality. Both the observational studies were of good quali-
ty. Baseline characteristics of the included studies are shown in

▶Table 1.

Topical epinephrine overall

Of 4123 patients, 1839 received topical epinephrine alone or in
conjunction with rectal indomethacin, and 1997 did not receive
topical epinephrine. Overall, there was no significant difference
in incidence of PEP in patients who were treated with topical
epinephrine compared to patients who did not receive topical
epinephrine during the ERCP procedure RR=0.63 (CI 0.32–
1.24) with heterogeneity (I2 = 72%) (▶Fig. 2). A subgroup anal-
ysis evaluating RCTs and observational studies was done sep-
arately. There was no difference in incidence of PEP in either
the RCTs or the observational studies with RR=0.71 (0.37–
1.40) and OR=0.16 (0.02–1.29) for RCTs and observational
studies, respectively (▶Fig. 2). There was also no significant dif-
ference in risk of severe pancreatitis with use of topical epine-
phrine RR=1.47 (0.59–3.64).

Rectal indomethacin with or without topical
epinephrine

We also performed a subgroup analysis to evaluate whether
adding topical epinephrine to rectal indomethacin would fur-
ther reduce incidence of PEP. Three studies compared risk of
PEP in patients undergoing ERCP who received rectal indome-
thacin alone or rectal indomethacin and epinephrine. A total of
1132 patients received rectal indomethacin alone and 1111 pa-
tients received rectal indomethacin plus topical epinephrine.
There was no statistically significant difference in using topical
epinephrine along with rectal indomethacin in preventing PEP
compared to rectal indomethacin alone RR=0.87 (0.46–1.64)
with heterogeneity (I2 = 61%) (▶Fig. 3).

Topical epinephrine vs. placebo (saline spray or
no-intervention)

Five studies compared incidence of PEP in patients who under-
went ERCP and received epinephrine spray or placebo (saline
spray or no-intervention). 864 patients received epinephrine
spray during ERCP, and 979 patients received a placebo (means
no intervention was done including no rectal indomethacin).
Fourteen patients (1.6%) developed PEP in the epinephrine
group compared to 49 patients (5.0%) in the placebo group.
Topical epinephrine significantly decreased risk of PEP when
compared to placebo, pooled RR=0.32 (0.18–0.57) with no
heterogeneity (▶Fig. 4). There was no publication bias as eval-
uated by the funnel plot diagram (▶Fig. 5).

Discussion
We performed this comprehensive systematic review and
meta-analysis to evaluate the role of topical epinephrine in pre-
vention of PEP. Hatami et al., in a randomized double-blind con-
trolled trial that included patients at high risk of PEP, observed
that use of epinephrine alone or in conjunction with rectal indo-
methacin is effective in reducing incidence of PEP [20]. In that
study, 8.8% of patients in the indomethacin alone group devel-
oped PEP compared to 0.8% of patients who received epine-
phrine alone or in combination with rectal indomethacin. Sim-
ilar results were seen in a randomized trial of 370 ERCP patients
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(meta-analysis)
(n = 8)
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(n = 72)
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(n = 57)

Full-text articles 
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(n = 15)

Full-text articles 
excluded, 
(n = 7)

▶ Fig. 1 Literature review process.
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by Matsushita [27]. In that study, PEP developed in four of 185
patients (2%) in the control group who received saline spray
(placebo) compared to none of 185 patients (0%) who received
epinephrine. Xu et al. in a randomized trial also revealed that
use of epinephrine is associated with lower incidence of PEP
(1.95% in epinephrine group vs. 6.45% in control group) [21].

Although some of the above studies have shown beneficial
outcomes with use of topical epinephrine in preventing PEP,
some have failed to show any significant difference in incidence
of PEP. Luo et al., in a randomized double-blind multicenter
trial, which included 1158 patients, found a higher incidence
of PEP in patients who received epinephrine and rectal indome-
thacin compared to patients who received rectal indomethacin
alone (8.5% vs. 5.3%) [25]. Similarly, Kamal et al. in a multicen-
ter double-blinded randomized trial, showed no significant dif-
ference in incidence of PEP in patients who received indome-
thacin alone compared to a combination of indomethacin and
epinephrine (6.4% in indomethacin group vs 6.7% in combina-
tion group) [19].Considering current evidence and results of
our meta-analysis, we do not recommend use of topical epine-
phrine in addition to rectal indomethacin for the prevention of
PEP.

Our meta-analysis showed the benefit of epinephrine spray
alone over no intervention in preventing PEP. Lack of procedural

manipulation need and cost-benefit of preventing PEP makes
topical epinephrine a reasonable approach in comparison to
no intervention or even pancreatic duct stenting in certain cir-
cumstances. Topical epinephrine 0.1mg/ml (1:10,000) is easily
available in anesthesiology carts, making it relatively more ac-
cessible when needed during a procedure. Topical epinephrine
usage instead of rectal nonsteroidal anti-inflammatory drugs
(NSAIDs) can be considered in patients having absolute contra-
indications to NSAIDs such as allergies to NSAIDs, end-stage
kidney disease, or who have had proctocolectomy. It may also
be considered as a suitable alternative to prophylactic pancre-
atic stenting in specific circumstances; but evidence is lacking
currently. Topical epinephrine, however, may be advantageous
over pancreatic duct (PD) stenting for numerous reasons. PD
stenting can be technically challenging, can prolong papillae
manipulation, and PD stents at times need to be removed by a
repeat procedure or can even migrate into the PD. In addition,
topical epinephrine is much more cost-effective then a PD
stent. Notably, both methods have efficacy alone, yet neither
has been shown to improve indomethacin efficacy [19, 30].

The systematic literature search in our study was compre-
hensive, and a majority of the studies were good-quality RCTs
with a reasonable sample size; nevertheless, we do acknowl-
edge that our paper has some limitations and results that

▶Table 1 Baseline characteristics of included studies.

Study author

Year

Country

Study

Design

Sample

Size

Quality of

the study

Treatment group Control group Epinephrine

concentration

Kamal et al.
2018
USA [19]

RCT N=960 Jadad=5 Indomethacin +
epinephrine

Indomethacin + saline spray 0.02%

Hatami et al.
2018
Iran [20]

RCT N=192 Jadad=5 Indomethacin +
epinephrine

Indomethacin + saline spray or
epinephrine spray +placebo sup-
pository

0.01%

Xu et al.
2011
China [21]

RCT N=941 Jadad=5 Epinephrine spray Saline spray 0.02%

Luo et al.
2019, China
[25]

RCT N=1158 Jadad=5 Indomethacin +
epinephrine

Indomethacin + saline spray 0.02%

Nakaji et al.
2009
Japan [26]

RCS N=114 Good quality Epinephrine spray No treatment 0.05%

Matsushita et al.
2008
Japan [27]

RCT N=370 Jadad=4 Epinephrine spray Saline spray 0.02%

Ohashi et al.
2001
Japan [28]

RCS N=173 Good quality Epinephrine spray No treatment 0.0001%

Chaitanya et al.
2016
India [29]

RCT N=217 Jadad=2 Indomethacin or
epinephrine

No treatment 0.02%

Indomethacin, rectally administered; RCT, randomized controlled trial; RCS, retrospective cohort study.
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should be interpreted with caution. One of the studies was in
abstract form and has not been fully published [29]. Two of
the included studies were observational, which might have in-
troduced bias in the study results [26, 28]. Some of our analyses
were limited by significant heterogeneity, therefore, we used a
random effects model for meta-analysis. Further to explore
heterogeneity, we did subgroup analysis by separately analyz-
ing RCTs and observational studies and found no differences
(▶Fig. 2). Other factors that impact risk of PEP, including intra-
venous hydration, procedural expertise, and procedural tech-
nique modification are not consistently reported in studies
and might confound our study results [15, 31].

Conclusion
In summary, topical epinephrine does not provide any addition-
al advantage in combination with rectal indomethacin in pre-
vention of PEP in patients who have undergone ERCP. However,
topical epinephrine alone is associated with lower risk of PEP
compared to placebo and can be considered if rectal indome-
thacin is unavailable or there is any contraindication to its use.
Future studies comparing topical epinephrine versus PD stent-
ing can be considered to evaluate whether topical epinephrine
provides a similar advantage in decreasing PEP as compared to
PD stenting.

 Epinephrine  No Epinephrine Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

1.6.1 Randomized controlled trials
Chaitanya, 2016 4 74 9 142 14.8 % 0.85 [0.27, 2.68]
Hatami, 2018 1 66 6 126 7.3 % 0.32 [0.04, 2.59]
Kamal, 2019 32 477 31 482 22.9 % 1.04 [0.65, 1.68]
Luo, 2019 49 576 31 582 23.4 % 1.60 [1.03, 2.47]
Matsushita 2009 0 185 4 185 4.4 % 0.11 [0.01, 2.05]
Xu, 2011 9 461 31 480 19.8 % 0.30 [0.15, 0.63]
Subtotal (95 % CI)  1839  1997 92.6 % 0.71 [0.37, 1.40] 
Total events 95  112
Heterogeneity: Tau2 = 0.41; Chi2 = 18.42, df = 5 (P = 0.002); I2 = 73 %
Test for overall effect: Z = 0.98 (P = 0.33)

1.6.2 Observational studies
Nakaji, 2009 0 63 0 51  Not estimable
Ohashi, 2001 1 81 7 92 7.4 % 0.16 [0.02, 1.29]
Subtotal (95 % CI)  144  143 7.4 % 0.16 [0.02, 1.28] 
Total events 1  7
Heterogeneity: not applicable
Test for overall effect: Z = 1.72 (P = 0.09)

Total (95 % CI)  1983  2140 100.0 % 0.63 [0.32, 1.24] 
Total events 96  119
Heterogeneity: Tau2 = 0.45; Chi2 = 21.40, df = 6 (P = 0.002); I2 = 72 %
Test for overall effect: Z = 1.34 (P = 0.18)
Test for subgroup differences: Chi2 = 1.78,cf = 1 (P = 0.18). I2 = 43.8 %

10.10.01 10 100
Favours Epinephrine Favours no Epinephrine

▶ Fig. 2 Epinephrine versus no epinephrine.

 Rectal  Epinephrine +  Risk ratio Risk ratio
 Indomethcin Indomethacin  
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Hatami, 2018 6 68 0 58 4.5 % 11.12 [0.64, 193.20]
Kamal, 2019 31 482 32 477 46.6 % 0.96 [0.59, 1.55]
Luo, 2019 31 582 49 576 48.8 % 0.63 [0.41, 0.97]

Total (95 % CI)  1132  1111 100.0 % 0.87 [0.46, 1.64] 
Total events 68  81
Heterogeneity: Tau2 = 0.16; Chi2 = 5.12, df = 2 (P = 0.08); I2 = 61 %
Test for overall effect: Z = 0.43 (P = 0.67)

10.10.01 10 100
Favours Indomethacin Favours Indomethacin + epi

▶ Fig. 3 Rectal indomethacin plus topical epinephrine vs rectal indomethacin alone.
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