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Acute pancreatitis is the major complication of endoscopic retrograde cholangiopancreatography
(ERCP). A preliminary research suggested that the administration of nonsteroidal anti-inflammatory
drugs (NSAIDs) with nitroglycerin might reduce the incidence of post-ERCP pancreatitis (PEP) more
effectively than NSAIDs alone. We conduct a two-arm, multicenter, prospective, randomized, superi-
ority trial to evaluate the additional effect of nitroglycerin for prevention of PEP. A total of 900
patients randomly receive 50 mg diclofenac suppository either alone or with 5 mg isosorbide dinitrate
sublingual tablet. The primary endpoint is the occurrence of PEP. This study will clarify whether

NSAIDs plus nitroglycerin can prevent PEP.
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A cute pancreatitis is the most important compli-

cation of endoscopic retrograde cholangiopan-
creatography (ERCP). Generally, post-ERCP pan-
creatitis (PEP) occurs in 1-25% of patients [1-2].
PEP is usually mild or moderate, however, some
cases involve the development of severe pancreatitis,
which requires further intervention and leads to death
in 0.3-0.6% of the patients [3-6].

Numerous pharmacological procedures have been
evaluated for the prevention of PEP. Several ran-
domized trials including a high-profile multicenter
study have confirmed the efficacy of rectal nonsteroi-
dal anti-inflammatory drugs (NSAIDs) in preventing
PEP [7-10]. Therefore, routine rectal administra-
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tion of diclofenac or indomethacin, immediately before
or after ERCP is recommended to minimize the risk
for PEP [11]. Moreover, in two randomized con-
trolled trials (RCTs), positive results were obtained
by administering sublingual nitroglycerin to prevent
PEP [12,13]. Nitroglycerin is a smooth-muscle relax-
ant, which may lower the sphincter of Oddi pressure
and increase pancreatic parenchymal blood flow [14].

Recently, it was demonstrated in an RCT that a
combination of sublingual nitroglycerin and a rectal
NSAIDs was more effective than only NSAIDs for
preventing PEP [15]. The study showed that the
relative risk for PEP was reduced by 56.2% with the
treatment, which is simple, inexpensive, and well
tolerated. Although the trial showed efficacy of the
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combination therapy for preventing PEP, the trial was
a singlecenter study with small sample size.
Therefore, we conduct a multicenter, prospective,
randomized controlled trial to evaluate the efficacy of
a combination of rectal NSAIDs and sublingual nitro-
glycerin for preventing PEP.

Methods

Study design.  The study is a two-arm, multi-
center, prospective, randomized, superiority trial to
evaluate the additional effect of nitroglycerin with
diclofenac for prevention of PEP, and compare it with
that of diclofenac alone. The study is conducted at the
Okayama University Hospital and 11 other hospitals
affiliated to the Okayama University. A total of 900
eligible patients are randomly assigned to receive
50 mg diclofenac suppository either alone or with 5 mg
isosorbide dinitrate sublingual tablet. The sublingual
tablets are administered 5 min before ERCP and the
diclofenac suppositories are administered in 15 min
after ERCP (Fig. 1).

Ethical consideration

The study protocol is approved by the institutional
review board of each participating institution before
the study is initiated (no. m02027). This trial is regis-
tered with the University hospital Medical Information
Network Clinical Trial Registry (no. UMIN000016274).

Endopoints
Primary and secondary endpoints.  The pri-

mary endpoint is the occurrence of PEP. PEP is
defined by the criteria set by Cotton et al. [16], as

900 eligible patients randomized
as per protocol

\ v

450 patients receive
diclofenac and isosorbide dinitrate

450 patients receive
diclofenac alone

Fig. 1 Flow diagram of rectal diclofenac and sublingual isosor-
bide dinitrate versus diclofenac alone for the prevention of post-
ERCP pancreatitis.
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the development of abdominal pain and elevation of
serum amylase levels by more than 3 times the upper
normal limit (hyperamylasemia) within 24 h after
ERCP. Serum amylase level is measured before
ERCP and at any time when the patient complains of
abdominal pain within 24 h after ERCP; otherwise, it
is routinely measured 24 h after ERCP. Secondary
endpoints include the development of moderate or
severe PEP, the frequency of PEP in patients with
risk factors for PEP, risk factors for PEP in this
study, and adverse effects related to the study drugs.
The severity of PEP is graded according to the dura-
tion of fasting period after the ERCP. Mild PEP
required 2-3 days; moderate PEP required 4-10
days; and severe PEP required more than 10 days,
necessitating a surgical or intensive treatment, or
resulting in death. The following procedures are con-
sidered high-risk for PEP: (1) precut sphincterotomy
(a procedure performed to facilitate biliary access
when standard cannulation techniques are unsuccess-
ful), (2) endoscopic pancreatic sphincterotomy
(EPST), (3) endoscopic papillary balloon dilation
(EPBD) without endoscopic sphincterotomy (EST),
(4) difficult cannulation (more than 10 min elapsed for
successful cannulation, (5) failed cannulation, (6)
injection of contrast agent into the pancreatic duct, (7)
female sex and age < 60 years, (8) clinical suspicion of
sphincter of Oddi dysfunction (SOD), (9) history of
recurrent pancreatitis, and (10) history of PEP
(11,17). The patients- and procedure-related factors
are recorded at the end of procedures and risk factors
for PEP are evaluated. Patientrelated factors
include following: (1) age, (2) sex, (3) presence of
parapapillary diverticulum, and (4) indication of
ERCP. Procedurerelated factors include follow-
ing: (1) pancreatography, (2) pancreatic acinarization
on radiography, (3) EPST, (4) precut sphincterot-
omy, (5) EST, (6) EPBD without EST, (7) endo-
scopic biliary drainage without EST, (8) pancreatic
duct stenting, (9) pancreatic duct-intraductal ultraso-
nography, (10) common bile duct-intraductal ultraso-
nography, (11) common bile duct tissue sampling; cy-
tology and brush, (12) pancreatic duct tissue
sampling; cytology and brush, (13) time of cannula-
tion, and (14) total time of procedure.
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Eligibility Criteria

All of the patients who meet the inclusion criteria
and exclusion criteria, which are listed in Table 1,
are enrolled in this study from March 2015 to
February 2018.

Randomization

After confirming fulfillment of the eligibility crite-
ria, registration to the Data Center is conducted by a
web-based system. Patients are then randomly
assigned to receive a 50 mg diclofenac suppository,
either alone or in combination with a 5 mg isosorbide
dinitrate sublingual tablet by a minimization method
balancing the arms with institution, age, sex, and
primary disease (hepatibiliary disease vs. pancreatic
disease).

Treatment Methods

Intervention.  Before the endoscopy, the his-
tory of each patient is recorded and a physical exam-
ination is performed. Pharyngeal anesthesia is induced
with a topical anesthetic, whereas conscious sedation

Table 1 Inclusion and exclusion criteria of the study
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is induced with an intravenous medication. We admin-
ister 20 ml of ulinastatin (150,000 U) solution, a pro-
teolytic enzyme solution, by intravenous infusion
immediately after the ERCP. The ERCP devices
used are not limited to any specific types. A contrast
agent is injected prior to the procedures, as is the
custom in Japan. In cases in which it is difficult to
cannulate, we perform pancreatic guidewire placement
or precut sphincterotomy to achieve selective cannula-
tion. Pancreatic duct stenting is performed to prevent
pancreatitis at the endoscopist’s discretion. After the
procedures, the endoscopists record the results and
patients fasted until blood tests performed the follow-
ing day confirmed the absence of pancreatitis or other
complications. All patients are hospitalized for the
ERCP procedure and observation.

Aduverse effects.  Adverse effects of the study
drugs are monitored during their hospital stay.
Adverse effects of diclofenac, including gastrointesti-
nal bleeding and renal failure, and adverse effects of
nitrates, including headache, dizziness, and reduction
in systolic blood pressure are monitored. Other post-
ERCP adverse events, including cholangitis, bleeding,
and perforation are monitored in addition to PEP.

Inclusion criteria
Patients who are scheduled to undergo ERCP
Patients who can provide written informed consent

Exclusion criteria
Performance status of 4
Younger than 20 years,
Body weight less than 50 kg
Duodenal papilla not accessible endoscopically
History of EST or EPBD
Presence of acute pancreatitis
Presence of chronic pancreatitis
Presence of pancreatic head cancer with occlusion of the MPD
Contraindication to NSAIDs or nitroglycerin
Cases of post gastrectomy
Creatinine level, > 1.4 mg per deciliter
Presence of active peptic ulcer disease
Presence of closed angle glaucoma
Presence of aspirin-induced asthma
Currently taking nitroglycerin
Inability to provide written informed consent
Subjects deemed inappropriate for the trial

ERCP, endoscopic retrograde cholangiopancreatography; EST, endoscopic sphincterotomy; EPBD, endoscopic papillary balloon dila-
tion; MPD, main pancreatic duct; NSAIDs, nonsteroidal anti-inflammatory drugs.
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Statistic Consideration

Sample size.  Previous data from a meta-analy-
sis conducted by Puig et al. [18] indicated that prophy-
lactic administration of rectal NSAIDs reduced the
incidence of PEP from 14.5% to 7.4%, and the rela-
tive risk reduction was 50.7%. Sotoudehmanesh et al.
[15] also reported that combining rectal NSAIDs with
sublingual nitroglycerin reduced the incidence of PEP
from 15.3% to 6.7%, compared with NSAIDs alone,
and the relative risk reduction was 56.2%.

We assumed that the incidence of PEP in the
patients who did not receive any prophylactic medicine
for PEP would be 14.6% (estimated from data obtained
in the previous 5 years from our institutions). We esti-
mated that 892 patients (446 per study group) would
provide a power of at least 80% to detect a 56.2%
reduction in the incidence of PEP, from 7.4% (in the
group administered only diclofenac) to 3.2% (in group
administered the combined treatment), by Fisher's
exact test with a two-sided significance level of 0.05.

Statistical analysis.  Statistical analysis is
performed on the basis of intention-to-treat analysis.
The Wilcoxon rank sum test is performed to compare
the continuous data and the chi-square test is per-
formed to evaluate non-continuous variables. A p-value
< 0.05 is considered significant. Initial univariate
evaluations are made for each potential risk factor by
the chi-square test. Only the significant factors from
the chi-square analysis are included in multivariate
analyses. All statistical analyses are performed using
JMP 9 (SAS Institute Inc., Cary, NC, USA). The
ranges of continuous values are shown as interquartile
ranges.

Reference

1. Rabenstein T and Hahn EG: Post-ERCP pancreatitis: new
momentum. Endoscopy (2002) 34: 325-329.

2. Vandervoort J, Soetikno RM, Tham TC, Wong RC, Ferrari AP Jr,
Montes H, Roston AD, Slivka A, Lichtenstein DR, Ruymann FW,
Van Dam J, Hughes M and Carr-Locke DL: Risk factors for com-
plications after performance of ERCP. Gastrointest Endosc (2002)
56: 652-656.

3. Freeman ML, Nelson DB, Sherman S, Haber GB, Herman ME,
Dorsher PJ, Moore JP, Fennerty MB, Ryan ME, Shaw MJ, Lande
JD and Pheley AM: Complications of endoscopic biliary sphincter-
otomy. N Engl J Med (1996) 335: 909-918.

4. Freeman ML, DiSario JA, Nelson DB, Fennerty MB, Lee JG,
Bjorkman DJ, Overby CS, Aas J, Ryan ME, Bochna GS, Shaw
MJ, Snady HW, Erickson RV, Moore JP and Roel JP: Risk fac-

Acta Med. Okayama Vol. 70, No. 5

tors for post-ERCP pancreatitis: a prospective, multicenter study.
Gastrointest Endosc (2001) 54: 425-434.

Masci E, Toti G, Mariani A, Curioni S, Lomazzi A, Dinelli M,
Minoli G, Crosta C, Comin U, Fertitta A, Prada A, Passoni GR
and Testoni PA: Complications of diagnostic and therapeutic
ERCP: a prospective multicenter study. Am J Gastroenterol (2001)
96: 417-423.

Vaira D, D’Anna L, Ainley C, Dowsett J, Williams S, Baillie J,
Caimns S, Croker J, Salmon P, Cotton P, Russell C and Hatfield
A: Endoscopic sphincterotomy in 1000 consecutive patients.
Lancet (1989) 2: 431-434.

Dai HF, Wang XW and Zhao K: Role of nonsteroidal anti-inflam-
matory drugs in the prevention of post-ERCP pancreatitis: a
meta-analysis. Hepatobiliary Pancreat Dis Int (2009) 8: 11-16.
Elmunzer BJ, Waljee AK, Elta GH, Taylor JR, Fehmi SM and
Higgins PD: A meta-analysis of rectal NSAIDs in the prevention of
post-ERCP pancreatitis. Gut (2008) 57: 1262-1267.

Zheng MH, Xia HH and Chen YP: Rectal administration of
NSAIDs in the prevention of post-ERCP pancreatitis: a comple-
mentary meta-analysis. Gut (2008) 57: 1632-1633.

Elmunzer BJ, Scheiman JM, Lehman GA, Chak A, Mosler P,
Higgins PD, Hayward RA, Romagnuolo J, Elta GH, Sherman S,
Waljee AK, Repaka A, Atkinson MR, Cote GA, Kwon RS,
McHenry L, Piraka CR, Wamsteker EJ, Watkins JL, Korsnes SJ,
Schmidt SE, Turner SM, Nicholson S, Fogel EL and U.S.
Cooperative for Outcomes Research in Endoscopy (USCORE): A
randomized trial of rectal indomethacin to prevent post-ERCP pan-
creatitis. N Engl J Med (2012) 366: 1414-1422.

Dumonceau JM, Andriulli A, Deviere J, Mariani A, Rigaux J,
Baron TH, Testoni PA and European Society of Gastrointestinal
Endoscopy: European Society of Gastrointestinal. Endoscopy
(ESGE) Guideline: prophylaxis of post-ERCP pancreatitis.
Endoscopy (2010) 42: 503-515.

Sudhindran S, Bromwich E and Edwards PR: Prospective random-
ized double-blind placebo-controlled trial of glyceryl trinitrate in
endoscopic retrograde cholangiopancreatography-induced pancre-
atitis. Br J Surg (2001) 88: 1178-1182.

Hao JY, Wu DF, Wang YZ, Lang HP and Zhou WZ: Prophylactic
effect of glyceryl trinitrate on post-endoscopic retrograde cholan-
giopancreatography pancreatitis: a randomized placebo-controlled
trial. World J Gastroenterol (2009) 15: 366-368.

Staritz M, Poralla T, Ewe K and Meyer zum Buschenfelde
KH: Effect of glyceryl trinitrate on the sphincter of Oddi motility
and baseline pressure. Gut (1985) 26: 194-197.

Sotoudehmanesh R, Eloubeidi MA, Asgari AA, Farsinejad M and
Khatibian M: A randomized trial of rectal indomethacin and sublin-
gual nitrates to prevent post-ERCP pancreatitis. Am J Gastroenterol
(2014) 109: 903-909.

Cotton PB, Lehman G, Vennes J, Geenen JE, Russell RC,
Meyers WC, Liguory C and Nickl N: Endoscopic sphincterotomy
complications and their management: an attempt at consensus.
Gastrointest Endosc (1991)37: 383-393.

Sofuni A, Maguchi H, Mukai T, Kawakami H, Irisawa A, Kubota K,
Okaniwa S, Kikuyama M, Kutsumi H, Hanada K, Ueki T and Itoi
T: Endoscopic pancreatic duct stents reduce the incidence of
post-endoscopic retrograde cholangiopancreatography pancreatitis
in high-risk patients. Clin Gastroenterol Hepatol (2011) 9: 851-958.
Puig I, Calvet X, Baylina M, Isava A, Sort P, Llaé J, Porta F and
Vida F: How and when should NSAIDs be used for preventing
post-ERCP pancreatitis? A systematic review and meta-analysis.
Plos One (2004) 9: €92922.



