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Background: Prophylactic pancreatic stent placement (PSP) and rectal indomethacin suppository are 
recommended to prevent post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis 
(PEP) in high-risk cases. Clinical trials on the use of nitroglycerin to reduce PEP have reached no definitive 
conclusion. Our study aimed to determine whether treatment with rectal indomethacin plus nitroglycerin 
could eliminate the need for PSP in patients.
Methods: In this randomized clinical trial, patients were allocated into groups using a random number 
table, with each patient receiving a pre-made envelope containing their intervention prior to ERCP. The 
three treatment groups were: the placebo group, the indomethacin + nitroglycerin group, and the PSP group. 
The subjects were assessed for PEP and its severity by a panel of independent and blinded adjudicators.
Results: A total of 526 patients were eligible for inclusion. The placebo group included 176 patients, the 
indomethacin + nitroglycerin group included 176 patients and the PSP group included 174.A diagnosis of 
PEP was made in 64 (12.2%) cases. The rate of PEP in the three study groups placebo group, indomethacin 
+ nitroglycerin group and the PSP group was 19.3%, 5.1%, and 12.1%, respectively. 
Conclusions: The risk of post-ERCP pancreatitis in the indomethacin + nitroglycerin group was 7% 
lower than that in the PSP. Indomethacin + nitroglycerin is superior to PSP in preventing and relieving the 
severity of post-ERCP pancreatitis in patients with difficult intubation. Indomethacin plus nitroglycerin can 
avoid the need for PSP in the prevention of post-ERCP pancreatitis.
Trial registration: Current Controlled Trials ChiCTR2000033944.
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Introduction

Post-endoscopic retrograde cholangiopancreatography 
(ERCP) pancreat i t i s  (PEP)  i s  the  most  common 
postoperative adverse event in patients who undergo ERCP. 
The incidence of PEP ranges between 2–4%, although in 
some high-risk patients it is as high as 8–20% (1). PEP is 
associated with increased morbidity and mortality as well 
as higher health care costs (2). The risk factors for PEP 
need to be recognized in order to develop and improve 
prevention strategies, which include careful selection 
of ERCP patients and appropriate mechanical and 
pharmacological preventive measures.

Currently, the main clinical approaches to preventing 
acute PEP are drugs and pancreatic stent placement 
(PSP) (3-7). However, studies have reported that, while 
PSP can reduce the incidence of PEP a certain extent, 
the universal applicability of this treatment is limited by 
the substantial economic burden it places on patients. 
Consequently, a number of studies have evaluated the 
efficacy of pharmacologic prophylaxis in the prevention 
of PEP (8-13). In high-risk patients, several measures 
can be undertaken to limit the risk of PEP, including 
administration of rectal nonsteroidal anti-inflammatory 
drugs, prophylactic placement of pancreatic duct stents, and 
liberal administration of lactated Ringer solution. Meta-
analysis of all pharmacologic prophylaxis, randomized, 
controlled trials noted reduced PEP rates in both average- 
and high-risk patients. However, these studies are not 
entirely conclusive given the inherent limitations related to 
the select study methodology.

Rectal nonsteroidal anti-inflammatory drugs (NSAIDs) 
have been investigated in multiple randomized controlled 
trials for reducing the incidence of PEP (14-17). NSAIDs 
are believed to limit the risk of developing acute pancreatitis 
via the inhibition of inflammatory mediators that trigger 
a complex cascade of inflammatory events; this is a critical 
process in the pathogenesis of pancreatitis. Moreover, 
nitroglycerin, nifedipine, and other drugs can reduce 
pressure on the sphincter of Oddi (18-20). Previously, 
indomethacin and diclofenac were used in combination to 
prevent postoperative pancreatitis. This article is the first to 
use indomethacin and nitroglycerin to prevent postoperative 
pancreatitis.

Given the high financial costs and potential disadvantages 
associated with PSP, minimizing its use in patients who 
undergo ERCP could result in major clinical and economic 
benefits. Therefore, this study aimed to determine whether 

rectal indomethacin plus nitroglycerin could reduce the 
need for PSP in patients with who underwent ERCP.

We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1963).

Methods

Patients

Between January 2017 and December 2019, 600 patients 
who underwent ERCP in Shanghai Pudong New Area 
People’s Hospital were enrolled in this randomized 
clinical trial. The minimum sample size was calculated 
using the formula ( ) ( ) ( )n Ψ2 si2 / k / - 2 / ki -1X X = ∑ ∑  ,  
where k is the number of groups in the study, iX , si is 
the valuation of the mean and standard deviation of each 
group, an = i / k,ΨX X∑  is the bound value, which can 
be obtained from the Ψ value table. The results showed 
that more than 150 cases had statistical differences. The 
inclusion criteria were: female patients aged 20–80 years. 
Patients were clearly diagnosed with choledocholithiasis 
by abdominal computed tomography (CT) or magnetic 
resonance cholangiopancreatography (MRCP) examination 
before the procedure; preoperative serum amylase level was 
in the normal range (hospital laboratory reference value, 
30–110 U/L); no abdominal pain, fever or other clinical 
symptoms, or acute inflammation has been conservatively 
treated and controlled. All procedures performed in this 
study involving human participants were in accordance with 
the Declaration of Helsinki (as revised in 2013). The study 
was approved by Ethics Committee of the Pudong New 
Area People’s Hospital, Shanghai University of Medicine 
& Health Sciences (Shanghai, China) (No. 2017-26). 
Written informed consent was obtained from all patients. 
Patients with at least one of the following factors for 
difficult intubation were eligible for inclusion in the study: 
(I) intraoperative intubation time >10 min; (II) more than 
five attempts at cannulation; (III) the papillary sphincter 
was pre-cut sphincterotomy (PST); (IV) Endoscopic 
sphincterotomy (EST)/balloon dilatation (EPBD); (V) the 
guide wire was placed into the pancreatic duct more than 
once; (VI) contrast agent was inserted into the pancreatic 
duct.

The exclusion criteria were: (I) pregnant and lactating 
women; (II) patients with severe cardio-cerebrovascular 
disease; anemia; kidney disease, or a history of glaucoma 
and increased intracranial pressure; (III) patients with a 
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history of liver cirrhosis, upper gastrointestinal ulcer, or 
upper gastrointestinal bleeding; (IV) patients with allergies 
to contrast agents or unable to tolerate somatostatin 
or nitroglycerin; (V) patients with mental disorders or 
illnesses; (VI) patients taking pancreatic toxic drugs (e.g., 
estrogen, azathioprine, mesalazine, morphine derivatives, 
or prednisone) or angiotensin receptor blockers; (VII) 
smokers.

Research methods

Pre-made envelopes containing the allocation intervention 
and study number were assigned to the patients 30 min 
before the operation to ensure randomization and allocation 
concealment until administration of the interventions 
(indomethacin + nitroglycerin, placebo suppository + tablet, 
and PSP with placebo suppository + tablet). Indomethacin 
suppositories and placebo suppositories, and nitroglycerin 
and placebo tablets, which were identical in appearance, 
were placed in an envelope and sorted sequentially 
according to the randomization schedule (Figure 1). 
The patients, residents, and researchers were blinded 
to the treatment assigned to each participant; only the 
endoscopist(s), endoscopy nurse, and technician/assistant 
were aware of the allotted treatments.

All patients received intravenous piperidine 50 mg, 
diazepam 5 mg, and anisodamine 10 mg 10–15 min 
before ERCP was performed. The procedure was carried 
out using an Olympus JF-260V electron duodenoscope. 
Randomization was carried out on a 1:1 basis using a web-
based central randomization system to ensure treatment 
balance. Indomethacin suppositories were administered by 
an endoscopy nurse, technician, or the endoscopist, while 
0.5 mg nitroglycerin tablets or normal placebo tablets 
would be administered under the tongue 5 min before the 
operation.

The technique for the placement of the prophylactic 
pancreatic stent and the type of stent used were not directed 
by the study protocol but were instead left to the discretion 
of the treating endoscopist. This approach was intended to 
mimic real-world practice, wherein variations in stent type, 
caliber, and length exist. After the operation, somatostatin 
was injected intravenously through a micropump at 250 μg/h  
for 12 to 48 h. When the blood amylase level was normal, 
the medication was stopped. Nitroglycerin or normal 
saline placebo was added to a normal saline drip for 6 h 
after the operation at a rate of 10 μg/(kg·min). In cases of 
severe hypotension or severe headache, the medication was 
withdrawn. As resistin level is significantly related to the 
severity of pancreatitis, the concentration of serum resistin 
was determined using an enzyme-linked immunosorbent 
assay (ELISA) kit (Market Inc., Company, United States) in 
order to evaluate the severity of PEP more accurately.

Since the endoscopist(s) ,  endoscopy nurse, and 
technician/assistant who performed the ERCP procedure 
were aware of whether or not a stent was placed, these 
individuals were not involved in the post-operative care of 
the patients for at least 48 h, at which point the of PEP, as 
the primary endpoint, was apparent. This approach was 
critical to maintaining blinding (of patients, treating clinical 
personnel, and outcome adjudicators) to ensure equal 
co-interventions among the three groups and unbiased 
adjudication of the primary outcome. Additionally, the 
placement of a stent was not recorded in the patients’ 
endoscopy reports or medical records.

The patients were followed-up on days 5 and 30 after 
ERCP. The goal of the first follow-up was to ascertain the 
data necessary to adjudicate the primary endpoint. The goal 
of the second follow-up was to ascertain the data necessary 
to adjudicate the secondary outcome and to assess the 
patients for delayed serious adverse events.

The levels of serum resistin were assayed using 
commercial ELISA kits, according to the manufacturer’s 
instructions (Ray Biotech, USA).

Indicators

The occurrence of abdominal pain, nausea, vomiting, 
and other symptoms after the procedure, as well as serum 
amylase and resistin levels before and after were observed 
and recorded. The diagnosis and severity grading of 
PEP were carried out according to the revised Atlanta 
classification (21). Both incidence of pancreatitis and 
hyperamylasemia following ERCP was compared between 

Figure 1 Pre-made envelopes containing the allocation intervention.
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the three groups. Adverse reactions to nitroglycerin and 
indomethacin, including hypotension and headache, were 
evaluated.

Statistical analysis

Data were analyzed with SPSS version 19 (SPSS, Inc., 
Chicago, IL, USA). Values were analyzed with analysis of 
variance (ANOVA), t-tests, and Fisher’s exact tests. The 
difference between groups is represented by Fisher’s T 
exact tests and one-way analysis of variance. All P values 
were two-sided, and P<0.05 was considered statistically 
significant.

Results

A total of 526 patients were eligible for inclusion and 
were divided into the placebo group, the indomethacin + 
nitroglycerin group, and the PSP group. The placebo group 
included 176 patients with a mean age of 63.5±14.4 range, 
35–76 years. The mean number of stones was 2.7±1.0 range, 
1–6, and the mean common bile duct (CBD) diameter was 
9.71±3.90 mm range, 5–16 mm.

The indomethacin + nitroglycerin group included 176 
patients with a mean age of 66.87±13.04 (range, 40–77) years.  
The mean number of stones was 2.6±0.9 (range, 1–6) and the 
mean CBD diameter was 9.94±4.14 mm (range, 5–16 mm).

The PSP group included 174 patients with a mean age 
of 66.30±12.00 (range, 40–80) years. The mean number 
of stones was 2.8±1.0 (range, 1–6) and the mean CBD 
diameter was 9.81±4.25 mm (range, 5–16 mm). There was 
no significant differences in age, average stone count, or 
CBD diameter between the three groups (P>0.05).

Seventy four patients were excluded due to the use of 

drugs that interfered with the treatment during the study 
period or for other reasons, such as failure to complete 
ERCP for duodenal papillary lesions. The primary outcome 
of the study was PEP and the secondary outcome was the 
severity of PEP. The study outcomes were independently 
assessed by three adjudicators based on a review of the 
patients’ adverse event and medical records after ERCP.

There was no significant difference between the three 
groups in terms of age, risk of PEP, or ERCP procedure 
time(P>0.05). The demographic and clinical characteristics 
of the patients are shown in Tables 1 and 2.

Incidence of postoperative pancreatitis

The incidence of PEP was 19.3%, 5.1% and 12.1% in 
placebo group, the indomethacin + nitroglycerin group, 
and the PSP group, respectively, which represented a 
significant difference between all three groups (F=6.445, 
P=0.011). A significant difference was found between 
groups indomethacin + nitroglycerin group and PSP group 
(Pearson =4.551, P=0.037). In the three groups, there were 
14, 5, and 13 cases of mild pancreatitis, respectively, and 
20, 4, and 8 cases of moderate pancreatitis, respectively. 
There was a significant difference between the incidence of 
mild PEP in indomethacin + nitroglycerin group and PSP 
group (Pearson =11.086, P=0.002), and the two groups also 
showed a significant difference in the incidence of moderate 
PEP (Fisher =5.602, P=0.027). No significant differences 
were found between the groups for the other risk factors, 
including cannulation time, pre-cut sphincterotomy, and 
the duration of somatostatin treatment. All patients who 
developed pancreatitis after ERCP continued fasting and 
their conditions improved after routine acid inhibition, 
enzyme inhibition, and anti-infection treatment (Table 2).

Table 1 Demographic characteristics of the 526 patients who underwent endoscopic retrograde cholangiopancreatography

Variable Mean ± SD 95% CI Me Min. Max.

Age 65.5±13.2 (63.95, 67.16) 65 35 92

AST 105.7±50.1 (99.66, 111.84) 105 16 258

ALT 119.5±52.9 (113.09, 125.96) 119 11 289

ALP 173.±18.5 (171.12, 175.63) 173 39 381

Amylase 91.59±13.1 (89.99, 93.19) 91 30 110

CI, confidence interval; Me, median; Min., minimum; Max., maximum; AST, glutamic pyruvic transaminase; ALT, glutamic oxaloacetic 
transaminase; ALP, alkaline phosphatase.
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Table 2 Endoscopic retrograde cholangiopancreatography characteristics and complications

Character Total (n=526) Group 1 (n=176) Group 2 (n=176) Group 3 (n=174) F P

Age 65.56±13.2 63.5±14.4 66.87±13 66.30±12 1.843 0.160#

Cholangiography 526 (100%) 176 (33%) 176 (33%) 174 (33%) 0.011 0.491*

Biliary duct diameter※ 9.90±3.94 9.71±3.90 9.94±4.14 9.81±4.25 0.104 0.901#

Stone count※ 2.7±1.0 2.7±1.0 2.6±0.9 2.8±1.0 1.384 0.252#

Biliary stent 66 (12.5%) 24 (13.6%) 22 (12.5%) 20 (11.5%) 0.173 0.403*

Precut sphincterotomy 36 (6.8%) 14 (7.9%) 10 (5.7%) 12 (6.9%) 0.309 0.468*

Somatostatin stop※ 2.50±0.9 2.56±0.8 2.40±0.8 2.51±0.9 0.785 0.457#

PEP risk factors (%)

Age <40 years 54 (10.3%) 18 (10.2%) 17 (9.77%) 19 (11%) 0.123 0.940*

Non-dilated CBD 96 (18.3%) 34 (19.3%) 30 (17%) 32 (18.4%) 0.213 0.899*

Previous acute pancreatitis 50 (9.5%) 16 (9.0%) 18 (10.2%) 16 (9.2%) 0.133 0.936*

Recurrent pancreatitis 40 (7.6%) 13 (7.4%) 14 (8%) 13 (7.5%) 0.040 0.980*

Juxtadiverticula papillary 5 (0.9%) 2 (1.1%) 1 (0.6%) 2 (1.1%) 0.404 0.817*

Cannulation difficulty

Time >10 min 302 (57%) 108 (61%) 102 (57%) 92 (52%) 0.495 0.263*

>5 attempts 178 (33%) 56 (31%) 58 (32%) 64 (36%) 0.229 0.354*

PST 46 (0.87%) 14 (19.4%) 16 (17.3%) 16 (17.3%) 0.124 0.471*

EST/EPBD 278 (53%) 96 (54.5%) 90 (51.1%) 92 (52.8%) 0.085 0.452*

Guide wire into the 
pancreatic duct >1 time

34 (6.5%) 12 (6.8%) 12 (6.8%) 10 (5.7%) 0.167 0.466*

Contrast agent into the 
pancreatic duct

9 (1.7%) 4 (2.3%) 2 (1.1%) 3 (1.7%) 0.712 0.913*

Procedure time (minutes)※ 34±4.5 34±4.8 35±4.4 35±4.4 0.962 0.384#

Complications

Hyperamylasemia 144 (27%) 70 (39.8%) 38 (21.6%) 36 (20.7%) 11.18 0.004*

PEP 64 (12.2%) 34 (19.3%) 9 (5.1%) 21 (12.1%) 6.445 0.011*

Severe 0 0 0 0

Moderate 32 (6.1%) 20 (11.4%) 4 (2.27%) 8 (4.59%) 12.05 0.020*

Mild 32 (6.1%) 14 (7.95%) 5 (2.84%) 13 (7.47%) 4.367 0.113*

Bleeding 14 (2.7%) 6 (3.4%) 4 (2.3%) 4 (2.3%) 0.367 0.450*

Cholangitis 16 (3%) 8 (4.5%) 4 (2.3%) 4 (2.3%) 0.749 0.316*

Hypotension and headache 0 0 4 (2.3%) 0 5.577 0.036*

Perforation 0 0 0 0

Death 0 0 0 0
※, (mm; mean ± SD); #, ANVOA test; *, Fisher’s exact test. PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis; CBD, 
common bile duct; PST, pre-cut sphincterotomy; EST/EPBD, endoscopic sphincterotomy/balloon dilatation.
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Incidence of postoperative hyperamylasemia in groups 
placebo, indomethacin + nitroglycerin, and PSP

The incidence of postoperative hyperamylasemia in the 
placebo group, the indomethacin + nitroglycerin group and 
the PSP group was 39.8%, 21.6%, and 20.7%, respectively. 
No significant difference existed between the incidence 
of postoperative hyperamylasemia in indomethacin + 
nitroglycerin group and PSP group (P=0.525); however, 
the incidences in both groups were significantly lower 
than that in the placebo group (P=0.039 and P=0.031 
for indomethacin + nitroglycerin group and PSP group, 
respectively). All patients who developed hyperamylasemia 
postoperatively continued fast ing and underwent 
conventional acid inhibition, enzyme inhibition, and anti-
infection treatment (Table 3).

Resistin levels before and after ERCP

There was no significant difference between the levels of 
resistin in the indomethacin + nitroglycerin group and the 
PSP group on day 1 or 3 (t=0.272 and P=0.787; and t=1.060 
and P=0.292, respectively). However, on day 7, a significant 
difference was observed between these two groups (t=52.510, 
P<0.001). Table 4 shows the changes in the levels of resistin 
in the three study groups.

Adverse events

In terms of adverse reactions, four patients in the 
indomethacin + nitroglycerin group experienced serious 
hypotension and headache (Fisher =5.577, P=0.036). The 
characteristics and complications of ERCP in the three 
study groups.

Discussion

A large number of studies have suggested that oral 
nitroglycerin and rectal indomethacin can reduce the risk 
of PEP in patients who are considered to be at high risk 
preoperatively. Moreover, as a cheaper alternative to PSP, 
this treatment could also help to reduce patients’ medical 
expenses. However, to the best of our knowledge, no study 
had compared the effectiveness of this drug combination 
with that of PSP in preventing PEP in patients with 
difficult intubation. Therefore, we designed a clinical trial 
to investigate this.

The majority of cases of PEP are mild and uncomplicated; 
however, severe pancreatitis accounts for up to 30% of cases 
(22-25). In the current study, all patients presented with 
mild or moderate pancreatitis, and there was no clinical 
evidence of severe pancreatitis occurring.

Indomethacin reduce the inflammatory response (26),  

Table 4 Changes in serum resistin levels (μg·L−1) in each group

Variable Group 1 (n=176) Group 2 (n=176) Group 3 (n=174) F value P value

1 d 154.63±25.3 46.67±8.41 46.44±6.14 2,660.871 <0.001#

3 d 259.02±35.5 111.67±27.2a 110.76±28.7 1,344.413 <0.001#

7 d 175.87±21.4 43.10±8.25 144.51±8.52 5,117.858 <0.001#

#, ANVOA test.

Table 3 Comparison of serum amylase levels of the patients before and after endoscopic retrograde cholangiopancreatography in the three groups 
(U/L)

Variable Group 1 (n=176) Group 2 (n=176) Group 3 (n=174) F value P value

Before 92.95±14.7 90.65±11.8 91.17±12.9 1.49 0.226#

3 h after 265.89±43.18 170.48±16.88 173.33±12.69 667.3 <0.001#

12 h after 527.84±56.35 246.09±47.27 247.92±48.04 1,853.9 <0.001#

24 h after 374.55±13.62 171.09±20.89 174.09±12.37 9282.9 <0.001#

#, ANVOA test.
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and nitroglycerin can reduce the pressure on the sphincter of 
Oddi (27). In this study, the two drugs were prophylactically 
administered to patients undergoing ERCP, and their 
preventive effects on pancreatitis and hyperamylasemia 
were observed. Under the same set of treatment factors, 
no significant difference was found in the incidence of 
hyperamylasemia in the indomethacin + nitroglycerin 
group, and the PSP group. However, the incidences of 
PEP were lower than that in the placebo group, and 
the incidence of PEP in group the indomethacin + 
nitroglycerin group was lower than that in group the PSP 
group. Moreover, the grading of severity of PEP in the 
indomethacin + nitroglycerin group was lower than that in 
group the PSP group (Figures 2 and 3).

For more accurate detection of the occurrence of PEP 
in this study, the concentration of resistin was measured. 
Previous studies have shown that resistin concentration 
is significantly increased in severe acute pancreatitis, and 
resistin is expected to become a novel marker for evaluating 
the severity of acute pancreatitis (28-30). The results in this 

study showed that the concentration of resistin increased 
significantly on the first day of PEP and decreased gradually 
after ERCP 3 days. The change in resistin concentration 
was related to the condition of the PEP patients; the change 
in group 1 was greater than those in the indomethacin 
+ nitroglycerin group and the PSP group. On day 7 
after ERCP, the levels of resistin in the indomethacin + 
nitroglycerin group showed a more rapid decrease than 
those in the PSP group, which indicated a significant 
reduction in pancreatic inflammation. If an adverse event 
occurs during the experiment, we will quickly investigate 
the serious adverse event, take necessary measures to ensure 
the safety and rights of the subjects, and promptly report 
to the drug supervision and management department and 
the health administration department, and to the same drug 
Other investigators of the clinical trials.

The application of pancreatic duct stents to prevent PEP 
is considered to be effective or possibly effective in most 
current studies. In this study, there was significant difference 
in the incidence of PEP and the grading of severity between 
the indomethacin + nitroglycerin group and the PSP 
group. Drug safety of indomethacin+ nitroglycerin was 
controllable, but drug administration resulted in less trauma 
and greater maneuverability. The prophylactic application 
of indomethacin + nitroglycerin has a certain protective 
effect against PEP. However, large-sample clinical trials are 
needed to further investigate and confirm this effect.

Indomethacin + nitroglycerin offers several additional 
advantages over PSP. First, it avoids the phenomenon of 
failed PSP, which is associated with a high rate of PEP. 
It also eliminates the risk of significant non-pancreatitis 
adverse events induced by PSP, such as stent migration and 
duct perforation. Moreover, treatment with indomethacin 
+ nitroglycerin can substantially reduce healthcare expenses 
by eliminating the cost of stent placement in most cases, 
as well as eliminating the need for follow-up abdominal 
radiography and upper endoscopy to remove stents.

In conclusion,  the preoperat ive appl icat ion of 
indomethacin + nitroglycerin can prevent and relieve 
the severity of PEP after ERCP in patients with difficult 
intubation. However, more high-quality studies are needed 
in the future to further confirm the effectiveness of this 
drug combination and to provide new ideas for the clinical 
application of drugs for PEP prevention.
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