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 INTRODUCTION 
 Acute pancreatitis is the most common adverse event of endo-

scopic retrograde cholangiopancreatography (ERCP). Post-

ERCP pancreatitis (PEP) occurs in 1 – 25 %  of patients, depending 

on the risk factors and the indication of ERCP. Most cases of 

PEP are mild or moderate, but severe pancreatitis including 

those requiring endoscopic or surgical interventions occurs in 

0.4 – 0.6 %  of cases ( 1,2 ). 

 Phospholipase A2 is believed to have a pivotal role in the initial 

infl ammatory cascade of acute pancreatitis by regulating a number 

of proinfl ammatory mediators, including arachidonic acid prod-

ucts and platelet-activating factors ( 3 – 5 ). Several randomized 

trials including a high-profi le multicenter study have confi rmed 

the effi  cacy of rectal indomethacin to prevent post-ERCP pancre-

atitis ( 6 – 9 ). As a result, routine rectal administration of 100   mg of 

indomethacin immediately before or aft er ERCP is recommended 

to minimize the risk (recommendation grade A) for patients with 

a high risk of PEP ( 10 ). Nitrates may also have a role in the pre-

vention of PEP. Th e infl uence of sublingual nitrates on the reduc-

tion of PEP was assessed in three meta-analyses ( 11 – 13 ). In two of 

them, the preventive eff ect of nitrates has been shown. Whether 

the combination of indomethacin and sublingual nitrates is supe-

rior to indomethacin alone in the prevention of PEP is unknown 

and is the aim of this prospective randomized trial.   
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  OBJECTIVES:    Acute pancreatitis is the most common adverse event of endoscopic retrograde cholangiopancreato-
graphy (ERCP). Recent data suggest that indomethacin can reduce the risk of post-ERCP pancreatitis 
(PEP) in high-risk individuals. However, whether the combination of indomethacin and sublingual 
nitrates is superior to indomethacin alone is unknown. Therefore, we aimed to evaluate the effi cacy 
of rectally administered indomethacin plus sublingual nitrate compared with indomethacin alone to 
prevent PEP. 

  METHODS:    During a 17-month period, all eligible patients who underwent ERCP were enrolled in this study. We 
excluded patients who had undergone a prior endoscopic sphincterotomy. In a double-blind control-
led randomized trial, patients received a suppository containing 100   mg of indomethacin, plus 5   mg 
of sublingual nitrate (group A), or a suppository containing 100   mg of indomethacin, plus sublingual 
placebo (group B), before ERCP. Serum amylase levels and clinically pertinent evaluations were 
measured in all patients after ERCP. 

  RESULTS:    Of the 300 enrolled patients, 150 received indomethacin plus nitrate. Thirty-three patients developed 
pancreatitis: 10 (6.7 % ) in group A and 23 (15.3 % ) in group B ( P     =    0.016, risk ratio    =    0.39, 95 %  
confi dence intervals (CI): 0.18 – 0.86). More than 80 %  of the patients were at high risk of developing 
pancreatitis after ERCP. Absolute risk reduction, relative risk reduction, and number needed to treat 
for the prevention of PEP were 8.6 %  (95 %  CI: 4.7 – 14.5), 56.2 %  (95 %  CI: 50.6 – 60.8), and 12 
(95 %  CI: 7 – 22), respectively. 

  CONCLUSIONS:    Combination of rectal indomethacin and sublingual nitrate given before ERCP was signifi cantly more 
likely to reduce the incidence of PEP than indomethacin suppository alone. Multicenter trials to 
confi rm these promising fi ndings are needed.  
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 Sotoudehmanesh  et al.  

 METHODS  
 Study design 
 We prospectively enrolled patients referred for ERCP to the 

endoscopy unit of Shariati hospital, a tertiary referral center in 

Tehran-Iran, from July 2011 to November 2012. Th e study was 

approved by the institutional review board of the Digestive Dis-

eases Research Center of Tehran University of Medical Sciences. 

Voluntary written informed consent was obtained according to 

the guidelines of the institute.   

 Patients 
 Overall, 572 patients were referred for ERCP during the study 

period. Two hundred and seventy-two patients were excluded 

from the study because of previous sphincterotomy ( n     =    185, 

67 % ), and other reasons (unwilling to participate in the study 

 n     =    56, history of recent pancreatitis  n     =    16, ampulla of Vater 

tumor  n     =    10, recent gastrointestinal bleeding  n     =    3, and glau-

coma  n     =    2,  Figure 1 ). 

 Th e following conditions were considered to represent high 

risk for PEP: sphincter of Oddi dysfunction (SOD), precut biliary 

sphincterotomy, pancreatic duct (PD) cannulation (at least one 

time PD cannulation), endoscopic balloon dilation (aft er sphinc-

terotomy), and the presence of more than two of the other risk 

factors (female sex, age    <    60 years, nondilated common bile duct 

(CBD), normal serum bilirubin, pancreatic injection, diffi  cult can-

nulation (the presence of any of the following variables: time to 

CBD cannulation more than 10   min and more than fi ve attempts 

at cannulation, precutting requirement, and failed cannulation), 

failure to clear bile duct stones) ( 10 ). 

 A total of 300 patients were randomized. ERCPs were staff ed by 

faculty who performed more than 300 ERCPs a year; endoscopy 

trainees were involved in all cases. Patients who were receiving 

nitrates for coronary artery disease were advised to stop medica-

tion the night before the scheduled ERCP.   

 Intervention 
 In a double-blind, randomized manner with concealed alloca-

tion, patients received either a suppository containing 100   mg of 

indomethacin and 5   mg of sublingual isosorbide dinitrate tab-

let (group A), or a suppository containing 100   mg of indometh-

acin and sublingual placebo tablet identical to the sublingual 

nitrate (group B), 5   min before ERCP. We used intravenous 

diazepam (5 – 10   mg) plus pethidine (25 – 50   mg) for conscious 

sedation of patients. PD stenting was used to prevent pancre-

atitis in patients with acinarization of the pancreas aft er dye 

injection in the PD. All patients were closely observed for 24   h 

aft er ERCP in the recovery room at the endoscopy unit. Th e 

patients who required more than 24   h of hospitalization were 

transferred to the gastroenterology ward. Block randomization 

with a balanced number in each group was used to allocate the 

patient to either group A or B. A statistician developed block-

balanced sequence based on selected random numbers, and 

the allocation was concealed by sealed envelopes. Physicians 

providing care before and aft er the procedure, those perform-

ing the procedure, those administering the study medications, 

and the patients themselves were unaware of the medication 

administered. Outcomes were assessed by physicians diff erent 

from those who performed the ERCPs. Only the study statisti-

cian and the data monitoring committee had access to the data 

at the time of trial execution. All authors were given access to 

the data at the time of draft ing the manuscript and approved 

the fi nal manuscript.   

 Outcomes 
 Th e primary outcome was reduction of the rate of PEP. Secondary 

outcomes included the reduction of the severity of PEP, ease of 

bile duct cannulation, the length of hospital stay, and post-ERCP 

amylase levels. 

 At the end of each procedure, the researchers recorded the 

details of the maneuvers performed by ERCP, including the 

total time of the procedure, the fl uoroscopy time, the number 

of attempts at cannulation, the number of PD cannulations, the 

volume of dye injected to the PD, pancreatic acinarization on 

radiography, the presence of juxta-ampullary diverticulum, the 

fi nal diagnosis, and whether a sphincterotomy, a precut papillo-

tomy, or stent deployment, and balloon dilation of ampulla of Vater 

were performed; details regarding failure to clear bile duct stones 

were also recorded  . 

 Serum amylase was determined 2   h aft er ERCP. If it was more 

than three times the upper limit of normal (100   IU / l) and the patient 

had abdominal pain or nausea and vomiting, then the patient was 

kept fasting and maintained on intravenous fl uids and opiate anal-

gesics. Th e following morning, blood tests were repeated for serum 

amylase and the patients were interviewed and examined for clini-

cal evidence of acute pancreatitis. Acute pancreatitis was defi ned 

as a serum amylase level more than three times the upper normal 

limit associated with epigastric pain or tenderness within 24   h aft er 

ERCP. Patients with persistent signs and symptoms of pancreatitis 

aft er 48   h underwent contrast-enhanced computed tomography of 

the abdomen. 

Evaluated for
inclusion
n =572

Excluded patients
n =272

Group A
n =150

Pancreatitis
n =10

No Pancreatitis
n =140

No Pancreatitis
n =127

Pancreatitis
n =23

Group B
n =150

Eligible patients
underwent ERCP

N =300

  Figure 1 .         Patient fl ow diagram of rectal indomethacin and sublingual 
isosorbide dinitrate vs. indomethacin and placebo for the prevention 
of post-endoscopic retrograde cholangiopancreatography (ERCP) 
pancreatitis.  
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 Indomethacin and Nitrates for PEP 

 PEP was graded as mild, moderate, or severe based upon a 

consensus defi nition ( 14 ): Mild — PEP requiring admission or 

prolongation of planned admission for 2 – 3 days; moderate — 

hospitalization for 4 – 10 days; severe — hospitalization for more 

than 10 days, or hemorrhagic pancreatitis, pseudocyst, or required 

intervention. 

 SOD was defi ned according to the Milwaukee Biliary Group 

Classifi cation ( 15 ). We did not use manometry for defi nition of 

SOD, and included patients with suspected SOD.   

 Adverse events 
 Adverse eff ects of indomethacin, including gastrointestinal bleed-

ing and renal failure, and adverse eff ects of nitrates, including 

headache, dizziness, and reduction in mean blood pressure, were 

evaluated by following the patients aft er discharge or during their 

hospital stay by measuring blood pressure and clinical evaluation. 

Other post-ERCP adverse events including cholangitis, bleeding, 

and perforation in addition to PEP were recorded.   

 Sample size 
 We could not fi nd a trial of patients undergoing ERCP that excluded 

patients with a history of previous sphincterotomy; however, prior 

data from the meta-analysis of Dai  et al.  ( 6 ) indicated that the 

probability of PEP among controls (indomethacin    +    placebo) was 

8.9 % . To detect a reduction in PEP among cases (indomethacin    +    

isosorbide) of 5 % , a two-sided 5 %  signifi cance level, and a power 

of 80 % , a sample size of 375 patients per group were necessary. 

 Four group sequential interim analyses of PEP for the fi rst 75, 

150, and 250 patients were intended for monitoring of the effi  cacy 

and futility. Using the Pocock method ( 16 ) for adjustment of the 

 P  value for four planned interim analyses, we would need a 

 P     <    0.018 at each analysis to fi nd a statistically signifi cant diff er-

ence between the two treatment groups. A  P     =    0.016 was achieved 

in the second interim analysis, and this report was presented to our 

ethics committee and they ruled for an earlier termination of the 

trial, because convincing evidence was present that isosorbide was 

more eff ective than placebo.   

 Statistical analysis 
 Qualitative variables were described using numbers and percent-

ages. Quantitative variables were described by mean ± s.d. Median 

and interquartile range (IQR) were reported if the distribution of 

variable was not normal. 

 Th e risk factors for pancreatitis (and the diff erences between 

groups A and B) were compared using the   χ   2  (or Fischer ’ s exact) 

tests for qualitative variables and the independent samples  t -test 

for quantitative variables. Number of attempts for CBD cannula-

tion, length of hospital stay, and serum amylase levels were not 

normally distributed, and we used the Mann – Whitney  U -test to 

compare these variables among the two treatment groups. Fisher ’ s 

exact test was used to compare failure to clear the bile duct stones, 

peri-ampullary diverticulum, and PD stenting in patients with and 

without pancreatitis. 

 We used logistic regression analysis to identify confounding 

variables for the treatment group on PEP. All variables, which 

had a  P     <    0.1 in the univariate analysis, were selected for the 

fi nal model. Sex ( P     =    0.06 in the univariate analysis) was the only 

variable that was introduced in the fi nal logistic regression model 

with the treatment group. 

 Treatment eff ect was calculated by relative risk reduction, abso-

lute risk reduction, and number needed to   treat, which were com-

puted with corresponding 95 %  confi dence intervals (95 %  CI). 

 A  P  value of 0.05 was considered statistically signifi cant. Th e 

analyses were performed using the SPSS13.0 statistical soft ware 

(SPSS, Chicago, IL).    

 RESULTS  
 Patients 
 A total of 300 consecutive patients were enrolled in the study. 

One hundred and fi ft y (50 % ) patients were in group A, and 150 

patients were in group B.  Tables 1 and 2  summarize the baseline 

characteristics and procedure-related risk factors for PEP in both 

groups. Th erapeutic ERCP (sphincterotomy) was performed in 

81 patients (54.0 % ) of group A and 92 patients (61.3 % ) of group 

B ( P     =    0.20). A high-risk state for PEP was found in 242 patients 

(80.7 % ). Th e mean number of risk factors for PEP was 2.9 ± 1.6.   

 Study outcome 
 PEP occurred in 33 patients (11.1 % ). Ten (6.7 % ) patients were in 

group A and 23 (15.3 % ) in group B ( P     =    0.016, risk ratio    =    0.39, 

95 %  CI: 0.18 – 0.86). Th is corresponded to a relative risk reduc-

tion of 56.2 %  (95 %  CI: 50.6 – 60.8), absolute risk reduction of 

8.6 %  (95 %  CI: 4.7 – 14.5), and number needed to treat of 

12 (95 %  CI: 7 – 22). 

 As shown in  Table 2 , indices of ease of cannulation including 

fl uoroscopy time, time to CBD cannulation, precut requirement, 

and failed cannulation were similar between the two groups. 

 Two hours aft er ERCP, the median serum amylase levels were 

97 IU / l (IQR: 52.5 – 258.5) in group A and 130 (IQR: 62 – 355) in 

group B ( P     =    0.39). Median serum amylase levels were 108 IU / l 

(IQR: 56.0 – 335.0) in group A and 130 (IQR: 62.5 – 353.0) in group 

B aft er 24   h ( P     =    0.83). 

    Table 1 .    Baseline characteristics of patients in both groups   

    

  Group A 
( n =150) 

Number ( % )  

  Group B 
( n =150) 

Number ( % )     P  value  

   Female sex  74 (49.3)  80 (53.3)  0.49 

   Age  58.4 ± 17.8  58.6 ± 17.5  0.92 

   History of nitrate use  12 (8.8)  16 (11.4)  0.46 

    Primary indication  

      CBD stone  105 (70.0)  101 (67.3)  0.54 

      Suspected SOD  4 (2.7)  4 (2.7)   

      Biliopancreatic tumors  27 (18.0)  23 (15.3)   

      Others  14 (9.3)  22 (14.7)   

     CBD, common bile duct; SOD, sphincter of Oddi dysfunction.   
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 Sotoudehmanesh  et al.  

 Pancreatitis was mild in eight (5.3 % ) patients and moderate 

to severe in two patients (1.3 % ) in group A. In group B, mild 

pancreatitis occurred in 19 cases (12.7 % ) and moderate to severe 

pancreatitis   in four patients (2.7 % ). Although this diff erence in the 

severity of pancreatitis was not statistically signifi cant among the 

treatment groups ( P     =    0.06), a trend toward less severity of pan-

creatitis was seen in group A. 

 Th ere were no signifi cant diff erences between patients with and 

without pancreatitis for patient- and procedure-related risk fac-

tors of PEP in the univariate analysis ( Table 3 ). Gender was not 

found to be an independent risk factor for PEP (OR    =    2.0, 95 %  CI: 

0.93 – 4.3) in the multivariate analysis. Treatment group was the 

only independent variable in developing PEP (OR    =    0.4, 95 %  CI: 

0.2 – 0.9) aft er including gender in the model. 

 Th e length of hospital stay of group A was signicantly 

reduced (33 % ) compared with that of group B (1.2 (95 %  CI: 

1.1 – 1.4) vs. 1.8 (95 %  CI: 1.4 – 2.2) days, respectively), with a  P  value 

of 0.016.   

 Adverse events 
 Th e following ERCP-related adverse events were observed: hem-

orrhage from sphincterotomy site in 4 cases (1.3 % ), perforation 

in 1 (0.3 % ), and cholangitis in 14 cases (4.7 % ). Aft er ERCP, mean 

systolic (113.5 ± 13.3 and 114.9 ± 14.7   mm   Hg in groups A and B, 

respectively,  P     =    0.47) and diastolic (69.3 ± 10.9 and 70.7 ± 9.7   mm   Hg 

in groups A and B, respectively) blood pressures were not signifi -

cantly diff erent between the two groups ( P     =    0.31). 

 Drug-related adverse eff ects are shown in  Table 4 . Th ere was no 

death with PEP.    

 DISCUSSION 
 In this trial, it has been shown that the administration of combi-

nation therapy with indomethacin and sublingual nitrate signifi -

cantly reduced the frequency of PEP compared with indomethacin 

alone. 

 Th e ideal medication for the prevention of PEP is preferred to 

have the following criteria: (i) eff ective; (ii) simple to use; (iii) not 

expensive; (iv) single use; and (v) safe. Of the currently available 

drugs that may be benefi cial, both indomethacin and sublingual 

nitrate are the least expensive, and, in the current trial, we found 

that combination therapy with indomethacin and sublingual   

  Table 2 .    Risk factors for post-ERCP pancreatitis in both groups   

    

  Group A 
( n =150) 

Number ( % )  

  Group B 
( n =150) 

Number ( % )     P -value  

    Patient-related risk factors  

      Suspected SOD  4 (2.7)  4 (2.7)  1.0 

      Female sex  74 (49.3)  80 (53.3)  0.49 

      Age     <    60 years  71 (47.3)  72 (48.6)  0.82 

    Procedure-related risk factors  

       Failure to clear bile duct 
stones 

 16 (10.7)  18 (12.0)  0.72 

       Balloon dilation of the pa-
pilla after sphincterotomy 

 38 (25.3)  41 (27.3)  0.69 

       Number of cannulation 
attempts 

 4.5 ± 3.8  4.1 ± 3.3  0.31 

      Precut sphincterotomy  63 (42.0)  49(32.7)  0.10 

      Periampullary diverticulum  18 (12.0)  25 (16.7)  0.25 

      Failed cannulation  28 (18.7)  26 (17.3)  0.76 

      Fluoroscopy time (s)  238.1 ± 202.9  257.2 ± 191.4  0.44 

       Duration for cannulation 
(min) 

 6.7 ± 0.7  7.8 ± 0.7  0.62 

      PD cannulation  50 (33.3)  60 (40.0)  0.23 

      PD dye injection  35 (23.3)  38 (25.3)  0.69 

      PD stenting  8 (5.3)  9 (6.0)  0.80 

      High risk state for PEP  a    124 (82.7)  118 (78.7)  0.38 

       Number of risk factors for 
PEP 

 2.9 ± 1.6  2.8 ± 1.7  0.78 

     PD, pancreatic duct,   
   a    High-risk state was defi ned according to European Society of Gastrointestinal 
Endoscopy (ESGE) Guideline  (10) , see the text for detailed defi nition.   

  Table 3 .    Univariate analysis of risk factors for post-ERCP 
pancreatitis in patients with and without pancreatitis   

    

  Pancreatitis 
( n =33) 

Number ( % )  

  No pancreatitis 
( n =267) 

Number ( % )     P -value  

   Female sex  22 (66.7)  132 (49.4)  0.06 

   Age  54.7 ± 16.9  58.9 ± 17.7  0.19 

   Failure to clear bile duct 
stones 

 2 (6.1)  32 (12.0)  0.40 

   Balloon ampulla dilation  8 (24.2)  71 (26.6)  0.77 

   Number of cannulation 
attempts 

 4.7 ± 3.2  4.2 ± 3.6  0.43 

   Precut sphincterotomy  11 (33.3)  101 (37.8)  0.62 

   Periampullary diverticulum  2 (6.1)  41 (15.4)  0.19 

   PD stenting  3 (9.1)  14 (5.2)  0.41 

   PD cannulation  13 (39.5)  97 (36.3)  0.73 

   PD dye injection  5 (15.2)  68 (25.5)  0.19 

   Final diagnosis      0.34 

   Normal  0 (0.0)  4 (1.5)   

   CBD stone  21 (63.6)  181 (67.8)   

   SOD  2 (6.1)  6 (2.2)   

   Biliopancreatic tumors  4 (12.1)  46 (17.2)   

   Others  6 (18.2)  30 (11.2)   

     CBD, common bile duct; PD, pancreatic duct; SOD, sphincter of Oddi dysfunc-
tion.   
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 Indomethacin and Nitrates for PEP 

 No adverse eff ect was found for indomethacin with or without 

nitrate in this study. Th is fi nding is in accordance with a recent 

meta-analysis ( 7 ) of the use of NSAIDs in the prevention of PEP. 

In addition, no signifi cant adverse eff ects concerning the use of 

nitrate, including dizziness, headache, or lowering of systemic 

blood pressure, were detected in our study. Th e adverse eff ects of 

nitrates have been reported by other studies ( 31,32 ). One reason 

for the lower incidence of headache may be related to the potent 

analgesic eff ect of indomethacin, which overcomes this adverse 

eff ect. Th is might be another benefi t of combining NSAIDs and 

nitrates for PEP. 

 Th e probable limitation of this study is that we did not exclude 

patients who received nitrates for the coronary artery disease 

( Table 1 ). However, the half-life of nitrate tablets is     <    8   h, and 

the patients did not receive the medication from the night before 

ERCP procedure and the day of the procedure. 

 Another potential limitation of our study is the lack of rou-

tine use of pancreatic stenting in high-risk patients for PEP. Th e 

main reason is that pancreatic stents are not readily available in 

our country, and thus they were reserved only for patients with 

acinarization. Invasiveness and diffi  culty of PD stenting are other 

reasons for choosing a simpler, cheaper, and safer method such as 

sublingual nitrates. Not using pancreatic stents might have had a 

benefi cial eff ect on our study too, as any preventive eff ects that they 

might have on PEP would not have confounded the pure eff ect of 

the combination therapy vs. indomethacin alone. However, in a 

recent trial ( 9 ), it was shown that indomethacin had a similar bene-

fi t in patients who did not receive a pancreatic stent in preventing 

PEP in patients believed to be at a high risk of developing PEP. 

 We used strict inclusion and exclusion criteria for selecting our 

patients in the study to see the pure eff ect of the medications on 

 “ na ï ve ”  papilla. We therefore excluded 272 patients (47.5 % ) of all 

patients from the study. Th e main reason for exclusion of patients 

was previous history of sphincterotomy, which was present in 

nearly 70 %  of the excluded patients. Selective cannulation of CBD 

in patients with previous sphincterotomy is easier and faster than 

the  “ na ï ve ”  ampulla, and the risk of pancreatitis has been shown to 

be much lower in these cases owing to the lower incidence of PD 

manipulation ( 33 ). 

 Similar to the study by Elmunzer  et al.  ( 7 ) performed in high-

risk patients, we had a relatively lower rate of sphincterotomy 

compared with routine ERCP patients. Th is can be explained 

by the higher rate of failed CBD cannulation and patients with 

nitrate signifi cantly reduced the frequency of PEP compared with 

indomethacin alone. 

 In a randomized placebo-controlled trial, glyceryl trinitrate   

patch as compared with valdecoxib and placebo was not eff ective 

for the prevention of PEP ( P     =    0.986) ( 17 ). However, no combina-

tion therapy of nonsteroidal anti-infl ammatory drugs (NSAIDs) 

and nitrates has been previously studied. Although the eff ect of 

sublingual nitrates for the prevention of PEP has been shown by 

meta-analysis ( 11 – 13 ), administration of nitroglycerin by the der-

mal route, which is the preferred route of administration, did not 

reach statistical signifi cance for the prevention of PEP ( 13 ). We 

found that benefi cial eff ects of NSAIDs for the prevention of PEP 

have been augmented by adding nitrates. How nitrates can potenti-

ate the eff ectiveness of NSAIDs is not clear. In our study, indices of 

ease of cannulation were not statistically diff erent between the two 

groups. Th is fact has been shown in other studies ( 10,18 ). Th erefore   , 

mechanisms or a single mechanism other than sphincter of Oddi 

relaxation may be involved in the prevention of PEP. In addition, 

other medications that relax the sphincter of Oddi are not eff ective 

for the prevention of PEP. Botulinum toxin, epinephrine, lidocaine, 

and nifedipine were tested as prophylactic agents for the preven-

tion of PEP, based on their potential eff ect for reducing sphincter 

of Oddi pressure. Th e corresponding RCTs failed to show effi  cacy 

of these drugs for the prevention of PEP ( 19 – 23 ). Nitrates produce 

nitric oxide that causes dilation of the microvascular vessels, which 

may improve pancreatic tissue circulation and nutrition ( 24 )  . 

NSAIDs inhibit phospholipase-A2 and subsequently arachidonic 

acid products and platelet-activating factors. NSAIDs may also be 

important for the production of anti-infl ammatory agents such as 

interleukin-10, which may reduce the incidence of PEP ( 4,25,26 ). 

Anti-infl ammatory response of NSAIDs may be important for the 

control of the systemic infl ammatory response and production 

of anti-infl ammatory agents such as interleukin-10, which may 

reduce the incidence of PEP ( 25,26 ). 

 Interestingly, we could not demonstrate any statistically signifi -

cant association of the known risk factors for PEP in this study. 

Th is may be due to a large protective eff ect of NSAIDs that off sets 

the smaller eff ect of these risk factors, which has been shown in 

previous studies ( 9,27 – 30 ). 

 Th e addition of nitrates to indomethacin caused signifi cant 

reduction in hospital stay. With respect to the low cost of nitrates, 

this could be a potentially cost-eff ective intervention, if confi rmed 

by other studies. 

  Table 4 .    Drug-induced adverse effects in patients receiving indomethacin with isosorbide (group A) or indomethacin alone (group B) for 
the prevention of post-ERCP pancreatitis ( n =300)  a     

      Group A    Group B     P  value  

      Number    Percent    Number    Percent    

   Abdominal pain  1  0.7  2  1.3  0.57 

   Dizziness  1  0.7  0  0  0.50 

   Headache  1  0.7  1  0.7  0.99 

   a    There were no signifi cant differences between the treatment groups.   
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biliopancreatic tumors who underwent biliary stenting without 

sphincterotomy. We had a relatively higher rate of PEP in the 

indomethacin group compared with previous studies ( 6 – 8 ). First 

of all, a majority of our cases belonged to the high-risk group 

for developing pancreatitis ( Tables 1 and 2 ). Second, all   patients 

underwent ERCP at fi rst by trainees who have low experience in 

performing ERCP. Low annual case volumes, of endoscopists   and 

centers, are associated with higher ERCP failure rates ( 9,10 ). Th ird, 

for the evaluation of pure eff ect of drugs, we used pancreatic stent 

only for patients who underwent acinarization of pancreas by con-

trast injection to PD (17 cases). As Freeman  et al.  ( 34 ) showed, 

female patients without diffi  cult cannulation and a bile duct stone 

had about a 5 %  chance of PEP. If an even moderately diffi  cult 

cannulation was encountered, the risk rose to over 16 % . If such 

a patient also had suspected SOD and had a diffi  cult cannulation, 

the risk of pancreatitis rose to over 40 % . Th e mean number of risk 

factors for PEP was 2.9 in our study. 

 Th us, we suggest this simple, single-use, and safe combina-

tion therapy in high-risk groups in addition to other groups 

especially in educational centers for ERCP.   In addition, because 

procedure-related risk factors for PEP such as pancreatic 

opacifi cation, PD cannulation, diffi  cult cannulation of CBD, 

failure to clear bile duct stones, and precutting cannot be pre-

dicted, we recommend this preventive method for every patient 

undergoing ERCP. 

 To the best of our knowledge, this is the fi rst study that demon-

strates a benefi cial eff ect of combination of NSAIDs and nitrates 

for the prevention of PEP compared with NSAIDs alone especially 

in patients at high risk for PEP. 

 In summary, a combination of rectally administered indo-

methacin with sublingual nitrate is more eff ective than 

indomethacin alone for the prevention of pancreatitis aft er 

ERCP. Although prospective multicenter studies are needed 

to confi rm our fi ndings, we recommend this inexpensive, 

widely available, and well-tolerated medication to prevent 

PEP. Th is study raises implications for further research to 

study strategies to decrease the rate of PEP in these patients 

(e.g., compare the combination of indomethacin    +    nitrates vs. 

indomethacin    +    PD stenting).      
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 Study Highlights 

  WHAT IS CURRENT KNOWLEDGE  
  3 Pancreatitis is a common complication after endoscopic 

retrograde cholangiopancreatography (ERCP). 

  3 Indomethacin decreases the risk of post-ERCP pancreatitis 
(PEP). 

  WHAT IS NEW HERE  
  3 The risk of PEP may be further decreased with the combi-

nation of sublingual isosorbide and rectal indomethacin in 
high-risk patients.          
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