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Abstract 

Endoscopic retrograde cholangiopancreatography (ERCP) is the first line therapy in 

many pancreaticobiliary disorders. While highly effective, it can be technically challenging and 

is associated with high incidences of adverse events (AE). The commonest AE, post-ERCP 

pancreatitis (PEP), has an estimated incidence of 5 to 15%, and can lead to significant 

comorbidity as well as death. This thesis reports the results of two studies. The first is a meta-

analysis that considers observational studies and randomized trials separately to evaluate the 

incidence of and risk factors associated with PEP. Our results revealed pooled estimates in 

keeping with previous literature and elucidated individual risk factors, all conferring different 

magnitudes of risk. The second study leveraged a multicenter prospective registry to develop a 

PEP predictive model using patient- and procedure-related variables. Using logistic regression, 

we synthesized a high performing model using patient sex, pancreatic duct cannulation, age, 

native papilla, precut sphincterotomy, cannulation time, presence of stricture, and pancreatic duct 

stenting. In combination, our studies can help clinicians improve PEP risk assessment for 

individual patients and help engage patients in informed decision making. In addition, our 

findings could lead to a clinical decision-making tool that can potentially help avoid unplanned 

health encounters.  
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List of Symbols, Abbreviations, Acronyms, And Nomenclature 

AE   adverse event 

AIC   Akaike information criterion 

ASGE   American Society of Gastrointestinal Endoscopy  

BIC   Bayesian information criterion 

CI   confidence interval 

CBD   common bile duct 

EMBASE   Excerpta Medica Database 

ERCP   endoscopic retrograde cholangiopancreatography 

IV   intravenous  

MA   meta-analysis  

MESH   medical subject heading 

NSAID  non-steroidal anti-inflammatory drug 

OR   odds ratio 

PEP   post-ERCP pancreatitis  

PD   pancreatic duct  

PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

RCT   randomized controlled trial  

RR    risk ratio 

SOD   Sphincter of Oddi dysfunction 

SR   systematic review  
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Endoscopic Retrograde Cholangiopancreatography (ERCP) 

In the 1920s, the bile duct was first visualized with the use of intravenously administered 

iodinated phenolphthalein [1]. In 1965, two radiologists used a per oral flexible catheter to 

produce the first nonoperative pancreatogram[2]. Three years later, in 1968, Dr. Williams 

McCune and colleagues at George Washington University described the first endoscopic 

cannulation of the ampulla of Vater in a cohort of 50 patients. In the ensuing 55 years, ERCP has 

evolved and matured from a primarily diagnostic tool to a first line therapy in many benign and 

malignant pancreaticobiliary disorders such as choledocholithiasis and malignant biliary 

obstruction [3].  Approximately 350,000-500,000 ERCPs are performed annually in the United 

States alone [4], with population-based data showing both proportional usage and steady 

increases in Canadian ERCP volumes [5].  

While effective and preferable to surgical [6] or percutaneous [7] approaches in the 

treatment of many pancreaticobiliary diseases, ERCP is associated with a higher incidence of 

adverse events than other endoscopic procedures [8]. The most common adverse event 

associated with ERCP is post-ERCP pancreatitis (PEP). Mechanical obstruction of the papilla 

and pancreatic sphincter by instrumentation, hydrostatic injury from injection of contrast and/or 

water, and edema from thermal injury secondary to electrocautery are all proposed mechanisms 

of pancreatic inflammation that can lead to PEP [9].  
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2023 meta-analysis of 145 RCTs including 19,038 patients reported a pooled PEP incidence of 

10.2%, an incidence of 14.1% in high risk patients, and morality of 0.2% [21]. Several ERCP 

patient-related, procedural, and endoscopist-related risk factors have been identified.  In a 

landmark prospective multicenter study of AEs following endoscopic biliary sphincterotomy, 

Freeman et al. used multivariable logistic regression modelling in 2347 patients to identify 

suspected sphincter of Oddi dysfunction (SOD), younger age, pre-cut sphincterotomy (cutting 

the biliary and/or pancreatic sphincter(s) without secured guidewire access), difficult 

cannulation, and the performance of a pancreatogram (injection of contrast into the pancreatic 

duct) as risk factors for PEP [11]. A follow-up study by Freeman et al. using similar 

methodology identified prior history of PEP, pancreatic sphincterotomy, sphincteroplasty, 

normal bilirubin, and abscess of chronic pancreatitis as additional risk factors [22]. A 

comprehensive list of risk factors based on available evidence to date can be found in Table 1. 

The definition for difficult biliary cannulation is variable; however, the ESGE definition (> 5 

contacts with the papilla or > 5 minutes of cannulation attempts or > 1 unintended pancreatic 

duct cannulation) is commonly used [12].  

PEP Prevention Strategies  

Given the morbidity and mortality associated with PEP, multiple strategies have been 

identified to help reduce the risk of PEP. In 2022, ASGE released clinical guidance on PEP 

prevention strategies [23]. In their guidelines, a meta-analysis with 18 RCTs reported 50% PEP 

risk reduction with the peri-procedural administration of rectal non-steroidal anti-inflammatory 

drugs (NSAIDs) in all adult patients undergoing ERCP. Wire guided cannulation refers to initial 

access of the common bile duct using a guidewire rather than contrast dye. A 2022 meta-analysis 
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[36]. Outcomes are also measured via standardized 30 day follow up to capture all AEs 

prospectively. All adult patients undergoing ERCP from the participating institutions who have 

given permission are enrolled into the registry. CReATE was established in 2018, with 

enrollment now exceeding 6000 procedures across 9 sites in Canada, the US, and Europe. ERCP 

procedures are performed by experienced endoscopists with or without trainee involvement. Data 

collection is performed in real time by a trained research assistant to limit self-reporting and 

recall bias.  

Purpose of Dissertation 

This thesis aims to make important steps toward the identification and prediction of PEP 

in individual patients, with the ultimate goal being high-fidelity personalized risk prediction. 

Chapters Two and Three each represent manuscripts that have been prepared for publication. 

Chapter Two is a systematic review and meta-analysis of randomized controlled trials (RCTs) 

and observational studies published after the year 2000 (considered separately) that report PEP 

incidence and risk modifiers. This SR/MA provides an up-to-date reflection of our current 

understanding of PEP risk factors and prevention strategies based on available contemporary 

evidence. Chapter Three describes the development and internal validation of a PEP prediction 

model using logistic regression. By using high quality prospective data from CReATE and the 

PEP risk modifiers identified in Chapter Two, we develop and internally validate a prediction 

model that can accurately predict PEP at the patient level.  Finally, Chapter Four synthesizes the 

findings of the above two studies, discussing clinical implications and directions for future 

research.  
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Table 1. Definite And Probable PEP Risk Modifiers Included As Variables of Interest [8,12,37].  

Patient-related factors Procedure-related factors Operator-related factors 
Younger age  Difficult cannulation  Trainee involvement  
Female sex  Pancreatic duct cannulation Endoscopist ERCP volume  
Sphincter of Oddi dysfunction   Pancreatogram   
Recurrent acute pancreatitis  Pancreatic sphincterotomy   
Absence of chronic 
pancreatitis  

Biliary balloon sphincter 
dilation  

 

Non-dilated extrahepatic bile 
duct  

Failure to clear bile duct stones   

Normal bilirubin  Intraductal ultrasound  
End-stage renal disease  Electrohydraulic lithotripsy  
Papilla morphology  Intravenous fluid 

administration* 
 

Pregnancy  Pharmacological prophylaxis 
(rectal indomethacin)* 

 

Previous PEP  Prophylactic PD stenting*  
 Therapeutic PD stenting   
 Primary precut sphincterotomy  
 Early precut sphincterotomy   
 Sphincteroplasty   
 Intraductal ultrasound   
 Failure to clear bile duct stones  

PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis 

*PEP prevention strategies 
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Chapter Two - Incidence And Risk Factors of Post Endoscopic Retrograde 

Cholangiopancreatography (ERCP) Pancreatitis: A Systematic Review And 

Meta-Analysis 
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Abstract 

Background  

Post- endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis (PEP) is the 

most common AE following ERCP. We conducted a systematic review and meta-analysis to 

determine the overall incidence of PEP, identify PEP risk factors, and estimate their magnitudes 

of risk.  

 

Methods 

Two separate comprehensive systematic electronic searches were performed for 

randomized controlled trials (RCT) and observational studies reporting on PEP incidence, PEP 

risk factors, and PEP prevention strategies. Pooled incidences, risk ratios (RR) and odds ratios 

(OR) of PEP and its risk modifiers were obtained using DerSimonian and Laird random effects 

models, with analyses performed separately for RCTs and observational studies. 

 

Results 

 One hundred and thirteen observational studies comprising 3,313,484 procedures and 210 

RCTs comprising 56,548 procedures reported on PEP. The pooled incidences of PEP in 

observational studies and RCTs were 5% (95% CI 0.04 to 0.05; I2 = 99.75%) and 7% (95% CI 

0.06 to 0.08; I2 89.42%), respectively. The majority of PEP was mild, with mild PEP comprising 

71% (95% CI 0.65 to 0.77; I2 = 95.74%) of cases in observational studies and 71% (95% CI 0.66 

to 0.76; I2 = 91.46%) in RCTs.  The OR (in observational studies) and RR (in RCTs) of PEP in 

females compared to males was 1.23 (95% CI 1.05 to 1.44; I2 = 69.8%) and 1.43 (95% CI 1.12 to 

1.84; I2 = 44.4%), respectively. The OR and RR of PEP in patients with inadvertent pancreatic 
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mild, moderate, and severe PEP were 0.71 (95% CI 0.66 to 0.76; I2 = 91.46%), 0.20 (95% CI 

0.17 to 0.24; I2 = 81.18%), and 0.06 (95% CI 0.04 to 0.08; I2 = 46.43%), respectively (Figure 

2.3d, Figure 2.3e, Figure 2.3f).  

 

Patient-related Variables  

Out of 26 observational studies, the incidence of PEP in females and males was 0.06 

(95% CI 0.05 to 0.07; I2 = 89.92%) and 0.05 (95% CI 0.04 to 0.05; I2 = 83.60%), respectively 

(Figure 2.4a, Figure 2.4b). The odds ratio of PEP in females to males was 1.23 (95% CI 1.05 to 

1.44; I2 = 69.8%) (Figure 2.4c). In 16 RCTs, the incidence of PEP in females and males was 0.10 

(95% CI 0.08 to 0.12; I2 = 70.94%) and 0.06 (95% CI 0.05 to 0.08; I2 = 73.25%), respectively 

(Figure 2.4d, Figure 2.4e). The relative risk of PEP in females to males was 1.43 (95% CI 1.12 to 

1.84; I2 = 44.4%) (Figure 2.4f).  

 

Procedural Variables  

In 5 observational studies, the odds ratio of PEP in patients with inadvertent pancreatic 

duct cannulation (versus none) was 2.69 (95% CI 1.59 to 4.54; I2 = 80.5%) (Figure 2.5a). In 3 

RCTs, the corresponding RR was 2.72 (95% CI 1.95 to 3.79; I2 = 0.0%) (Figure 2.5b). In 7 

observational studies, the odds ratio of PEP for those receiving pancreatograms vs no 

pancreatograms was 2.65 (95% CI 1.82 to 3.87; I2 = 62.7%) (Figure 2.6a). In 4 RCTs, the 

corresponding RR was 1.92 (95% CI 1.38 to 2.65; I2 = 0.0%) (Figure 2.6b). 

In 16 observational studies, the odds ratio of PEP with pre-cut sphincterotomy vs no pre-

cut sphincterotomy was 2.14 (95% CI 1.64 to 2.79; I2 = 73.2%) (Figure 2.7a). In 12 RCTs, the 

corresponding RR was 1.82 (95% CI 1.42 to 2.34; I2 = 0.0%) (Figure 2.7b). In 6 observational 
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studies, the odds ratio of PEP with use of rectal NSAIDs vs none was 0.94 (95% CI 0.73 to 1.22; 

I2 = 30.1%) (Figure 2.8a). From 7 RCTs, the relative risk of PEP for NSAID use vs no use was 

0.75 (95% CI 0.46 to 1.22; I2 = 63.6%) (Figure 2.8b). 

 

Discussion  

ERCP remains one of the most commonly performed endoscopic procedures in the 

United States, with volumes increasing over time [41,56]. Due to the nature of the procedure, 

AEs are more prevalent with ERCP than with any other endoscopic procedure [8,12]. In the 

setting of high AE rates along with increasing volumes, it is critical for the endoscopist to use 

accurate and up to date risk estimates in order help patients make informed decisions. This meta-

analysis provides accurate and up-to-date risk estimates of PEP from both observational studies 

and clinical trials.  

 The estimates from our MA are comparable to other large systemic reviews, with 

published ranges of 3.9% to 9.7% for PEP incidence [20,29,30]. Considerable heterogeneity 

existed among both observational studies and RCTs, as evidenced by I2 statistics of over 75% 

[57]. This level of heterogeneity was somewhat expected given the comprehensive nature of the 

systematic review. Studies varied in terms of patient-, procedure-, and endoscopist-related PEP 

risk modifiers. As examples of this heterogeneity, Deenadayalu et al. and Ko et al. each 

presented PEP incidences of 0.15 [58,59] whereas Kamani et al. and Donnellan et al., both 

presented PEP incidences of 0.00 [60,61]. et al. In Kamani et al, there was no clear definition 

given for PEP, and it was unclear how patients were followed up; this further highlights potential 

methodological sources of heterogeneity over and above the clinical sources already discussed. 

Notably, the overall incidence of PEP was somewhat higher in RCTs at 7% compared to 5% in 
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clinicians should be aware of the magnitude of risk that they confer. Our results could potentially 

improve patient care and satisfaction by providing more detailed and up-to-date estimates of 

ERCP-related risk. Accurate AE estimates will also facilitate the design of future prospective 

ERCP studies including randomized trials and could potentially have meaningful implications on 

training and practice standards. 
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Table 2.1. Baseline Study Characteristics of Observational Studies Included in the Meta-Analysis on PEP Incidence 
 

Author Year Title of Article Year of 
study 
Initiation 
(YYYY) 

Year of 
Study 
Completion 
(YYYY) 

Region 
(Country) 

Multi
center 
(Yes/
No) 
  

Fritz 2006[74] ERCP is safe and effective in patients 80 years of age and older compared to younger 
patients 

2000 2002 Austria No 

Ito 2007[75] Relationship between post-ERCP pancreatitis and the change of serum amylase level 
after the procedure 

1999 2002 Japan No 

Williams 2007[76] Risk factors for complication following ERCP; results of a large-scale, prospective 
multicenter study 

2004 2006 UK Yes 

Deenadayalu 2008[58] Does Obesity Confer an Increased Risk and/or More Severe Course of Post-ERCP 
Pancreatitis? A Retrospective, Multicenter Study 

N/A N/A USA Yes 

Fukatsu 2008[77] Evaluation of needle-knife precut papillotomy after unsuccessful biliary cannulation, 
especially with regard to postoperative anatomic factors 

2002 2006 Japan No 

Salminen 2008[78] Severe and fatal complications after ERCP: Analysis of 2555 procedures in a single 
experienced center 

1997 2005 Finland No 

Bangarulingam 2009[79] Complications of Endoscopic Retrograde Cholangiopancreatography in Primary 
Sclerosing Cholangitis 

2005 2005 USA No 

Colton 2009[80] Quality indicators, including complications, of ERCP in a community setting: a 
prospective study 

2005 2006 USA Yes 

Talar-Wojnarows 2009[81] Assessment of frequency and safety of endoscopic retrograde cholangiopancreatography 
in patients over 80 years of age. 

2005 2007 Poland No 

Zuber-Jerger2009[82] A new grading system to evaluate the risk of endoscopic retrograde 
cholangiopancreatography 

2005 2008 Germany No 

Ang 2010[83] An analysis of the efficacy and safety of a strategy of early precut for biliary access 
during difficult endoscopic retrograde cholangiopancreatography in a general hospital 

2007 2009 Singapore No 

Cote 2010[84] Risk of post-ERCP pancreatitis with placement of self-expandable metallic stents 2005 2008 USA No 

Donnellan 2010[61] Suprapapillary needle knife fistulotomy: a safe and effective method for accessing the 
biliary system 

1997 2007 Ireland No 

Enochsson 2010[85] Nationwide, population-based data from 11,074 ERCP procedures from the Swedish 
Registry for Gallstone Surgery and ERCP 

2007 2008 Sweden Yes 

Kennedy 2010[86] The safety and utility of prophylactic pancreatic duct stents in the prevention of post-
ERCP pancreatitis: an analysis of practice in a single UK tertiary referral center 

N/A N/A UK No 

Li 2010[87] Effects of Medications on Post-Endoscopic Retrograde Cholangiopancreatography 
Pancreatitis 

2001 2004 USA No 

Lukens 2010[88] ERCP in the Very Elderly: Outcomes Among Patients Older than Eighty -- -- USA No 

Testoni 2010[89] Risk factors for post-ERCP pancreatitis in High- and Low-Volume centers and among 
expert and non-expert operators: A prospective multicenter study. 

2007 2007 Italy  Yes 
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Fathi 2011[90] Surgical Management of ERCP-related complications 2006 2010 Iran No 

Liao 2011[91] Multidisciplinary team meeting before therapeutic ERCP: A prospective study with 
1,909 cases 

2006 2007 China No 

Meister 2011[92] Post-ERCP pancreatitis in 2364 ERCP procedures: is intraductal ultrasonography another 
risk factor? 

2004 2008 Germany No 

Moffatt 2011 Can J 
Gastroenterol[93] 

Moderate and severe postendoscopic retrograde cholangiopancreatography pancreatitis 
despite prophylactic pancreatic stent placement: The effect of early prophylactic 
pancreatic stent dislodgement 

1994 2007 USA Yes 

Moffatt 2011 GIE[94] Risk factors for ERCP-related complications in patients with pancreas divisum: a 
retrospective study 

1997 2010 USA No 

Sethi 2011[95] ERCP with cholangiopancreatoscopy may be associated with higher rates of 
complications than ERCP alone: a single center experience. 

2001 2007 USA No 

Testoni 2011[96] Precut sphincterotomy, repeated cannulation and post-ERCP pancreatitis in patients with 
bile duct stone disease 

2000 2008 Italy  Yes 

Xinopoulos 2011[97] Pancreatic duct guidewire placement for biliary cannulation in a single-session 
therapeutic ERCP 

2003 2008 Greece No 

Zhou 2011[98] Risk factors for postendoscopic retrograde cholangiopancreatography pancreatitis: a 
retrospective analysis of 7,168 cases 

1989 2010 China No 

Alizadeh 2012[99] Utility and Safety of ERCP in the Elderly: A Comparative Study in Iran 2010 2011 Iran No 

Hammerle 2012[100] Endoscopic retrograde cholangiopancreatography complications in the era of 
cholangioscopy: Is there an increased risk? 

2007 2009 United 
States 

No 

Kapral 2012[101] Quality assessment of endoscopic retrograde cholangiopancreatography: results of a 
running nationwide Austrian benchmarking project after 5 years of implementation 

2006 2011 Austria Yes 

Ko 2012[59] Juxtapapillary duodenal diverticula risk development and recurrence of biliary stone 2006 2007 South Korea No 

Mariani 2012[102] Guidewire biliary cannulation does not reduce post-ERCP pancreatitis 
compared with the contrast injection technique in low-risk and high- 
risk patients 

2005 2008 Italy No 

Siiki 2012[103] ERCP procedures in a Finnish Community Hospital: A retrospective analysis of 1207 
cases 

2002 2009 Finland No 

Glomsaker 2013[104] Patterns and predictive factors of complications after endoscopic retrograde 
cholangiopancreatography 

2007 2009 Norway No 

Lee 2013[105] Comparison of the utility of covered metal stents versus uncovered metal stents in the 
management of malignant biliary strictures in 749 patients 

2000 2011 USA No 

Park 2013[106] Factors Predictive of Adverse Events Following Endoscopic Papillary Large Balloon 
Dilation: Results from a Multicenter Series 

2004 2010 Japan Yes 

Swahn 2013[107] Rendezvous Cannulation Technique Reduces Post-ERCP Pancreatitis: A Prospective 
Nationwide Study of 12,718 ERCP Procedures 

2007 2009 Sweden Yes 

DiMagno 2013[108] Risk models for post-endoscopic retrograde cholangiopancreatography pancreatitis 
(PEP): smoking and chronic liver disease are predictors of protection against PEP 

1997 2009 USA No 

Halttunen 2014[109] Difficult cannulation as defined by a prospective study of the Scandinavian Association 
for Digestive Endoscopy (SADE) in 907 ERCPs 

2010 2011 Denmark, 
Finland, 
Sweden 

Yes 

Kakutani 2014[110] Risk Factors of Post-ERCP Pancreatitis at a Tertiary Referral Center in Japan 2006 2009 Japan No 
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Zhang 2016[132] Needle-knife papillotomy and fistulotomy improved the treatment 
outcome of patients with difficult biliary cannulation 

2008 2015 China No 

Adike 2017[133] International Normalized Ratio Does Not Predict Gastrointestinal Bleeding After 
Endoscopic Retrograde Cholangiopancreatography in Patients with Cirrhosis 

2012 2015 USA No 

Adler 2017[134] Clinical outcomes in patients with bile leaks treated via ERCP with regard to the timing 
of ERCP: a large multicenter study 

2006 2014 USA Yes 

Chen 2017[135] Influence of periampullary diverticulum on the occurrence of pancreaticobiliary diseases 
and outcomes of endoscopic retrograde cholangiopancreatography 

2009 2015 China No 

Funatsu 2017[136] History of post-endoscopic retrograde cholangiopancreatography pancreatitis and acute 
pancreatitis as risk factors for post-ERCP pancreatitis 

2006 2010 Japan No 

Hakuta 2017[137] Multicenter retrospective and comparative study of 5-minute versus 15-second 
endoscopic papillary balloon dilation for removal of bile duct stones 

2008 2014 Japan Yes 

Navaneethan 2017[138] Safety of ERCP in patients with liver cirrhosis: a national database study 2010 2010 USA Yes 

Yildirim 2017[139] The safety and efficacy of ERCP in octogenarians: a comparison of two geriatric age 
cohorts 

2010 2014 Turkey No 

Zhao 2017[140] Incidence and risk factors for post-ERCP pancreatitis in chronic pancreatitis 2011 2015 China No 

Al-Mansour 2018[141] Surgeon-performed endoscopic retrograde cholangiopancreatography. Outcomes of 2392 
procedures at two tertiary care centers 

2003 2016 USA Yes 

del Olmo Martínez 
2018[142] 

Rectal diclofenac does not prevent post-ERCP pancreatitis in consecutive high-risk and 
low-risk patients 

2009 2017 Spain No 

Dufault 2018[143] Adverse Events and Reinterventions Following Pancreatic Endoscopic Sphincterotomy 2008 2015 USA No 

Kamani 2018[60] Safety of Conscious Sedation in Patients Undergoing Endoscopic Retrograde 
Cholangiopancreatography 

2010 2015 Pakistan No 

Karaahmet 2018[144] The presence of periampullary diverticulum increased the complications of endoscopic 
retrograde cholangiopancreatography 

2015 2016 Turkey No 

Krill 2018[145] Risk of post-endoscopic retrograde cholangiopancreatography pancreatitis after double-
guidewire biliary cannulation in an average-risk population 

2009 2014 USA No 

Li 2018[146] Risk Factors for Post-Endoscopic Retrograde Cholangiopancreatography Pancreatitis: 
Evidence from 1786 Cases 

2015 2018 China Yes 

Mahamid 2018[147] Chronic Use of Statins and Their Effect on Prevention of Post-Endoscopic Retrograde 
Cholangiopancreatography Pancreatitis 

2013 2015 Israel Yes 

Sheiybani 2018[148] Does rectal diclofenac reduce post-ERCP pancreatitis? A district general hospital 
experience 

2010 2015 UK No 

Yang 2018[149] Efficacy and Safety of Therapeutic ERCP in the Elderly: A Single Center Experience 2012 2015 China No 

Zheng 2018[150] Different pattern of risk factors for post-ERCP pancreatitis in patients with biliary 
stricture 

2010 2014 China No 

Abdelfatah 2019[151] Impact of body mass index on the incidence and severity of post-endoscopic retrograde 
cholangiopancreatography pancreatitis 

2009 2016 USA No 

Kilic 2019[152] Evaluation of safety and outcomes of endoscopic retrograde cholangiopancreatography 
in 1337 patients at a single center. 

2014 2018 Turkey No 

Kim 2019[153] Bleeding Complications and Clinical Safety of Endoscopic Retrograde 
Cholangiopancreatography in Patients with Liver Cirrhosis 

2005 2015 South Korea No 
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Lee 2019[154] Balloons larger than 15 mm can increase the risk of adverse events following endoscopic 
papillary large balloon dilation 

2004 2014 South Korea Yes 

Liang 2019[155] A comparison between non-sedation and general endotracheal anesthesia for retrograde 
endoscopic common bile duct stone removal: A tertiary center experience 

2010 2013 Taiwan Yes 

Mariani 2012[102] Guidewire biliary cannulation does not reduce post-ERCP pancreatitis 
compared with the contrast injection technique in low-risk and high- 
risk patients 

2005 2008 Italy No 

Sahar 2019[156] The ASGE grading system for ERCP can predict success and complication rates in a 
tertiary referral hospital. 

2015 2015 USA No 

Saito 2019[157] Post-endoscopic retrograde cholangiopancreatography pancreatitis in patients with 
asymptomatic common bile duct stones 

2012 2018 Japan Yes 

Smeets 2019[158] The revised Atlanta criteria more accurately reflect severity of post-ERCP pancreatitis 
compared to the consensus criteria 

2012 2017 Netherlands Yes 

Abdelfatah 2020[159] Rectal indomethacin reduces the risk of post-endoscopic retrograde 
cholangiopancreatography pancreatitis in low-risk patients 

2007 2016 USA No 

Hadi 2020[160] Reduced risk of post ERCP pancreatitis in statin users 2016 2017 USA No 

Hakim 2020[161] A Statistically Significant Reduction in Length of Stay and Hospital Costs with 
Equivalent Quality of Care Metrics for ERCPs Performed During the Weekend Versus 
Postponed to Weekdays: A 6-Year Study of 533 ERCPs at Four Teaching Hospitals 

2011 2016 United 
States 

Yes 

Hakuta 2020[162] Regular Statin Use and Incidence of Postendoscopic Retrograde 
Cholangiopancreatography Pancreatitis 

2010 2019 Japan No 

Kato 2020[55] Multicenter database registry for endoscopic retrograde cholangiopancreatography: 
Japan Endoscopic Database Project 

2015 2017 Japan Yes 

Koskensalo 2020[163] Diclofenac does not reduce the risk of acute pancreatitis in patients with primary 
sclerosing cholangitis after endoscopic retrograde cholangiography 

2009 2018 Finland No 

Kroner2020[41] Use of ERCP in the United States over the past decade 2007 2016 USA Yes 

Kwak 2020[164] Outcomes and risk factors for ERCP related complications in a 
predominantly black urban population 

2007 2017 USA Yes 

Lee 2020 GL1[165] Difficult Biliary Cannulation from the Perspective of Post-Endoscopic Retrograde 
Cholangiopancreatography Pancreatitis: 
Identifying the Optimal Timing for the Rescue Cannulation Technique 

2014 2015 South Korea Yes 

Lee 2020 GL2[166] Impact of Hospital Volume and the Experience of Endoscopist on Adverse Events 
Related to Endoscopic Retrograde Cholangiopancreatography: A Prospective 
Observational Study 

2015 2015 South Korea Yes 

Lindo Ricce 2020[167] Effectiveness of rectal indomethacin in the prevention of acute pancreatitis after 
endoscopic retrograde cholangiopancreatography in unselected patients 

2014 2016 Spain No 

Martinez-Moneo 2020[168] Statin consumption and risk of post-endoscopic retrograde cholangiopancreatography 
pancreatitis 

N/A N/A Spain No 

Saito 2020[169] Post-endoscopic retrograde cholangiopancreatography pancreatitis in single-stage 
endoscopic common bile duct stone removal 

2012 2018 Japan Yes 

Smith 2020[170] Real-World Practice Patterns in the Era of Rectal Indomethacin for Prophylaxis Against 
Post-ERCP Pancreatitis in a High-Risk Cohort 

1999 2018 USA Yes 

Tabak 2020[171] Endoscopic retrograde cholangiopancreatography in elderly patients: Difficult 
cannulation and adverse events. 

2016 2018 China No 
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Voiosu 2020[172] 
 
 

Impact of trainee involvement on the outcome of ERCP procedures: results of a 
prospective multicenter observational trial 

2016 2018 Romania, 
Italy, 
Croatia, 
Serbia 

Yes 

Wang 2020[173] Relationship between papilla-related variables and post endoscopic retrograde 
cholangiopancreatography pancreatitis: A multicenter, prospective study 

2018 2019 China, USA Yes 

Xia 2020[174] Optimal stent placement strategy for malignant hilar biliary 
obstruction: a large multicenter parallel study 

2002 2018 China Yes 

Barakat 2021[175] Goff Septotomy Is a Safe and Effective Salvage Biliary Access Technique Following 
Failed Cannulation at ERCP  

2005 2016 USA No 

Cardenas-Jaen 2021[176] Chronic use of statins and acetylsalicylic acid and incidence of post-endoscopic 
retrograde cholangiopancreatography acute pancreatitis: A multicenter, prospective, 
cohort study 

2017 2018 Spain, Italy, 
Croatia, 
Finland, 
Sweden 

Yes 

Mutneja 2021[39] Temporal trends and mortality of post-ERCP pancreatitis in the United States: a 
nationwide analysis 

2011 2017 USA Yes 

Rotundo 2021[177] Effect of hospital teaching status on endoscopic retrograde cholangiopancreatography 
mortality and complications in the USA 

2008 2012 USA  Yes 

      

PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis 
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Table 2.2.  Baseline Study Characteristics of Randomized Controlled Trials Included in the Meta-Analysis on PEP Incidence 

Author Year Ref Title of Article 
Year of 
Study 

Initiation 

Year of 
Study 

Completion 
Regions 

Multi
center 
(Yes/
No) 

Fujita 2003[178] Endoscopic sphincterotomy and endoscopic papillary balloon dilatation for bile duct stones: a 
prospective randomized controlled multicenter trial 2000 2001 Japan Yes 

Laasch 2003[179] Comparison of standard and steerable catheters for bile duct cannulation in ERCP 2001 2001 UK Yes 
 Masci 2003[180] Comparison of Two Dosing Regimens of Gabexate in the Prophylaxis of Post-ERCP Pancreatitis N/A N/A Italy No 

Moreto 2003[181] Transdermal glyceryl trinitrate for prevention of post ERCP pancreatitis: a randomized double-blind 
trial N/A N/A Spain No 

Murray 2003[182] Diclofenac Reduces the Incidence of Acute Pancreatitis After Endoscopic Retrograde 
Cholangiopancreatography 1999 2002 UK No 

Poon 2003[183] Intravenous bolus somatostatin after diagnostic cholangiopancreatography reduces the incidence of 
pancreatitis associated with therapeutic endoscopic retrograde cholangiopancreatography 
procedures: a randomised controlled trial 

2000 2002 Hong Kong Yes 

Sherman 2003[184] Does prophylactic administration of corticosteroid reduce the risk and severity of post-ERCP 
pancreatitis: a randomized, prospective, multicenter study. N/A N/A USA Yes 

Andriulli 2004[185] Prophylaxis of ERCP-Related Pancreatitis: A Randomized, Controlled Trial of Somatostatin and 
Gabexate Mesylate 2002 2003 Italy Yes 

Isayama 2004[186] A prospective randomised study of "covered" versus "uncovered" diamond stents for the 
management of distal malignant biliary obstruction 1998 2001 Japan No 

MacIntosh 2004[187] Endoscopic sphincterotomy by using pure-cut electrosurgical current and the risk of post-ERCP 
pancreatitis: a prospective randomized trial 1999 2002 Canada No 

Schwartz 2004[188] The effect of lidocaine sprayed on the major duodenal papilla on the frequency of post-ERCP 
pancreatitis N/A N/A USA No 

Katsinelos 2005[189] Intravenous N-acetylcysteine does not prevent post-ERCP pancreatitis 2002 2003 Greece No 
Mosler 2005[190] Oral allopurinol does not prevent the frequency or the severity of post-ERCP pancreatitis  N/A N/A USA Yes 

Nathanson 2005[191] Postoperative ERCP Versus Laparoscopic Choledochotomy for Clearance of Selected Bile Duct 
Calculi 1998 2003 Australia Yes 

Sharma 2005[192] Endoscopic Biliary Drainage by Nasobiliary Drain or by Stent Placement in Patients with Acute 
Cholangitis N/A N/A India No 

Tsujino 2005[193] Ulinastatin for Pancreatitis After Endoscopic Retrograde Cholangiopancreatography: A 
Randomized, Controlled Trial. 2002 2004 Japan Yes 

Abraham 2006[194] 5F sphincterotomes and 4F sphincterotomes are equivalent for the selective cannulation of the 
common bile duct 2002 2003 Canada No 

Kaffes 2006[195] A prospective, randomized, placebo-controlled trial of transdermal glyceryl trinitrate in ERCP: 
effects on technical success and post-ERCP pancreatitis 2001 2003 Australia No 

Milewski 2006[196] N-acetylcysteine does not prevent post-endoscopic retrograde cholangiopancreatography 
hyperamylasemia and acute pancreatitis 2002 2002 Poland No 
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Tringali 2008[219] No difference between supine and prone position for ERCP in conscious sedated patients: a 
prospective randomized study 2005 2006 Italy No 

Cennamo 2009[220] Timing of precut procedure does not influence success rate and complications of ERCP procedure: a 
prospective randomized comparative study 2004 2006 Italy No 

Chahal 2009[221] Short 5Fr vs Long 3Fr Pancreatic Stents in Patients at Risk for Post-Endoscopic Retrograde 
Cholangiopancreatography Pancreatitis N/A N/A USA Yes 

Choi 2009[222] Nafamostat mesylate in the prevention of post-ERCP pancreatitis and risk factors for post-ERCP 
pancreatitis 2005 2007 South Korea No 

Hao 2009[223] Phophylactic effect of glyceryl trinitrate on post-endoscopic retrograde cholangiopancreatography 
pancreatitis: A randomized placebo-controlled trial N/A N/A Israel No 

Herreros de Tejeda 
2009[224] 

Double-guidewire technique for difficult bile duct cannulation: a multicenter randomized, controlled 
trial 2004 2006 Spain Yes 

Kapetanos 2009[225] Randomized study of the effect of pentoxifylline or octreotide on serum levels of TNF-a and IL-6 
after endoscopic retrograde cholangiopancreatography N/A N/A Greece No 

Karakan 2009[226] EUS versus endoscopic retrograde cholangiography for patients with intermediate probability of bile 
duct stones: a prospective randomized trial 2006 2007 Turkey No 

Kawakami 2009[227] A prospective randomized controlled multicenter trial of duodenoscopes with 5 degree and 15 degree 
backward-oblique angle using wire-guided cannulation: effects on selective cannulation of the 
common bile duct in endoscopic retrograde cholangiopancreatography 

2008 2008 Japan Yes 

Loew 2009[228] Comparative performance of uncoated, self-expanding metal biliary stents of different designs in 2 
diameters: final results of an international multicenter, randomized, controlled trial 2003 2005 USA Yes 

Martinez-Torres 
2009[229] 

Oral allopurinol to prevent hyperamylasemia and acute pancreatitis after endoscopic retrograde 
cholangiopancreatography 2007 2007 Mexico No 

Matsushita 2009[230] Epinephrine sprayed on the papilla for prevention of post-ERCP pancreatitis 2002 2005 Japan No 
Nojgaard 2009[231] 

Does glyceryl nitrate prevent post-ERCP pancreatitis? A prospective, randomized, double-blind, 
placebo-controlled multicenter trial 2004 2007 

Denmark, 
Sweden, 
France, 
Norway 

Yes 

Senol 2009[232] Efficacy of intramuscular diclofenac and fluid replacement in prevention of post-ERCP pancreatitis 2006 2008 Turkey No 
Sharma 2009[233] Endoscopic Biliary Drainage by 7 Fr or 10 Fr Stent Placement in Patients with Acute Cholangitis 2003 2005 India No 

Sherman 2009[234] Evaluation of recombinant platelet-activating factor acetylhydrolase for reducing the incidence and 
severity of post-ERCP acute pancreatitis. N/A N/A USA Yes 

Bang 2010[235] The Ballooning Time in Endoscopic Papillary Balloon Dilation for the Treatment of Bile Duct 
Stones 2005 2007 Korea No 

Dellon 2010[236] A randomized, controlled, double-blind trial of air insufflation versus carbon dioxide insufflation 
during ERCP 2008 2010 USA No 

Dragonov 2010[237] Prospective Randomized Blinded Comparison of a Short-Wire Endoscopic Retrograde 
Cholangiopancreatography System with Traditional Long-Wire Devices 2004 2008 USA No 

Ito 2010[238] Can pancreatic duct stenting prevent post-ERCP pancreatitis in patients who undergo pancreatic duct 
guidewire placement for achieving selective biliary cannulation? A prospective randomized 
controlled trial 

2004 2008 Japan No 

Katsinelos 2010[239] A partially covered vs uncovered sphincterotome and post-endoscopic sphincterotomy bleeding 2007 2008 Greece No 
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Shah 2012[261] Pilot Study of Aprepitant for prevention of post-ERCP pancreatitis in high risk patients: A phase 2 
randomized, double-blind placebo controlled trial 2007 2009 USA No 

Yoo 2012[262] The use of gabexate mesylate and ulinastatin for the prevention of post-endoscopic retrograde 
cholangiopancreatography pancreatitis 2005 2011 South Korea No 

Alavi Nejad 
2013[263] 

Evaluation of N-acetyl Cysteine for the Prevention of Post-endoscopic Retrograde 
Cholangiopancreatography Pancreatitis: A Prospective Double Blind Randomized Pilot Study N/A N/A Iran No 

Chu 2013[264] Endoscopic ultrasonography in tandem with endoscopic retrograde cholangiopancreatography in the 
management of suspected distal obstructive jaundice 2007 2012 China No 

Conigliaro 2013[265] Pancreatic duct stenting for the duration of ERCP only does not prevent pancreatitis after accidental 
pancreatic duct cannulation: a prospective randomized trial 2009 2011 Italy No 

DiGiorgio2013[266] Endoscopic plastic stenting for bile duct stones: stent changing on demand or every 3 months. A 
prospective comparison study 2008 2012 Italy Yes 

Fu 2013[267] Endoscopic papillary balloon intermittent dilatation and endoscopic sphincterotomy for bile duct 
stones 2011 2012 China No 

Halttunen 2013[268] A prospective randomized study of thin versus regular-sized guide wire in wire-guided cannulation 2011 2012 Finland No 
Kitano 2013[269] Covered self-expandable meta stents with an anti-migration system improve patency duration 

without increased complications compared with uncovered stents for distal biliary obstruction caused 
by pancreatic carcinoma: a randomized multicenter trial 

2009 2010 Japan Yes 

Kobayashi 2013[270] Wire-guided biliary cannulation technique does not reduce the risk of post-ERCP pancreatitis: 
Multicenter randomized controlled trial 2008 2009 Japan Yes 

Moses 2013[271] Randomized trial in malignant biliary obstruction: Plastic vs partially covered metal stents N/A N/A North 
America Yes 

Muraki 2013[272] Comparison of carbon dioxide and air insufflation use by non-expert endoscopists during endoscopic 
retrograde cholangiopancreatography 2010 2011 Japan No 

Norouzi 2013[273] The effect of adding gentamicin to contrast media for prevention of cholangitis after biliary stenting 
for non-calculous biliary obstruction, a randomized controlled trial 2009 2010 Iran No 

Raithel 2013[274] Conventional endoscopic retrograde cholangiopancreaticography vs the Olympus V-scope system 2007 2007 Germany No 
Swan 2013[275] Needle Knife Sphincterotomy Does Not Increase the Risk of Pancreatitis in Patients with Difficult 

Biliary Cannulation. 2007 2009 Australia No 

Teoh 2013[276] Randomized trial of endoscopic sphincterotomy with balloon dilation versus endoscopic 
sphincterotomy alone for removal of bile duct stones. 2005 2011 China Yes 

Tsujino 2013[277] The results of the Tokyo Trial of Prevention of Post-ERCP Pancreatitis with Risperidone (Tokyo 
P3R): a multicenter, randomized, phase II, non-placebo-controlled trial 2006 2008 Japan Yes 

Uchino 2013[278] Results of the Tokyo Trial of Prevention of Post-ERCP Pancreatitis 
with Risperidone-2: a multicenter, randomized, placebo-controlled, 
double-blind clinical trial 

-- 2013 Japan Yes 

Ung 2013  Covered and uncovered self-expandable metallic Hanarostents are equally efficacious in the drainage 
of extrahepatic malignant strictures. Results of a double-blind randomized study 2006 2009 Sweden Yes 

Vihervaara 
2013[279,280] 

Angled- or straight-tipped hydrophilic guidewire in biliary cannulation: a prospective, randomized, 
controlled trial 2009 2010 Turkey No 

Zhang 2013[281] Effect of CO2 cholangiography on post-ERCP cholangitis in patients with unresectable malignant 
hilar obstruction - a prospective, randomized controlled study 2009 2012 China No 
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Li 2019[359] Indomethacin down-regulating HMGB1 and TNF-a to prevent pancreatitis after endoscopic 
retrograde cholangiopancreatography 2016 2018 China No 

Luo 2019[360] Rectal Indomethacin and Spraying of Duodenal Papilla With Epinephrine Increases Risk of 
Pancreatitis Following Endoscopic Retrograde Cholangiopancreatography 2017 2017 China Yes 

Meng 2019[361] Optimal dilation time for combined small endoscopic sphincterotomy and balloon dilation for 
common bile duct stones: a multicentre, single-blinded, randomised controlled trial 2015 2017 China Yes 

Park 2019[362] Comparison of endoscopic papillary large balloon dilation with or without endoscopic 
sphincterotomy for the treatment of large bile duct stones 2010 2013 Korea Yes 

Pavel 2019[363] Split-dose or hybrid nonsteroidal anti-inflammatory drugs and N- acetylcysteine therapy for 
prevention of post-retrograde cholangiopancreatography pancreatitis 2017 2018 Romania No 

Phillip 2019[364] Pancreatic stenting to prevent post-ERCP pancreatitis: a randomized multicenter trial 2010 2016 Europe Yes 
Radwan 2019[365] Large Balloon Dilatation Versus Mechanical Lithotripsy After Endoscopic Sphincterotomy in the 

Management of Large Common Bile Duct Stones in Cirrhotic Patients A Randomized Study 2015 2016 Egypt No 

Sadeghi 2019[366] Does melatonin addition to indomethacin decrease post endoscopic retrograde 
cholangiopancreatography pancreatitis?  A randomized double-blind controlled trial. 2017 2018 Iran No 

Seo 2019[367] 
Covered and uncovered biliary metal stents provide similar relief of biliary obstruction during 
neosdjuvant therapy in pancreatic cancer: a randomized trial. 2015 2017 

Belgium, 
Canada, 

Italy, Japan, 
Korea, USA 

Yes 

Sotoudehmanesh 
2019[368] 

Pharmacological prophyalxis versus pancreatic duct stenting plus pharmacological prophylaxis for 
prevention of post-ERCP pancreatitis in high risk patients: a randomized trial 2015 2017 Iran No 

Tomoda 2019[369] Combination of Diclofenac and Sublingual Nitrates Is Superior to 
Diclofenac Alone in Preventing Pancreatitis After Endoscopic 
Retrograde Cholangiopancreatography 

2015 2018 Japan Yes 

Yuan 2019[370] New antireflux plastic stent for patients with distal malignant biliary obstruction 2016 2019 China No 
Bang 2020[371] Equivalent performance of single-use and reusable duodenoscopes in a randomised trial 2020 2020 United 

States No 

Fogel 2020[372] Rectal Indomethacin Dose Escalation (RIDE) for prevention of post-ERCP pancreatitis in high-risk 
patients: a randomized trial. 2013 2018 USA Yes 

Gerges 2020[373] Digital single-operator peroral cholangioscopy-guided biopsy sampling versus ERCP-guided 
brushing for indeterminate biliary strictures: a prospective, randomized, multicenter trial 2017 2018 India Yes 

Jang 2020[374] Primary Needle-Knife Fistulotomy Versus Conventional Cannulation Method in a High-Risk Cohort 
of Post-Endoscopic Retrograde Cholangiopancreatography Pancreatitis 2016 2017 South Korea Yes 

Katoh 2020[65] Low-dose rectal diclofenac does not prevent post-ERCP pancreatitis in low- or high-risk patients 2015 2018 Japan No 
Mansour-Ghanaei 

2020[375] 
Naproxen, isosorbide dinitrate and co-administration cannot prevent post-endoscopic retrograde 
cholangiopancreatography pancreatitis: Randomized controlled trial 2015 2016 Iran No 

Nawaz 2020[376] Post-ERCP Pancreatitis: Risk factors and role of NSAIDs in primary prophylaxis 2018 2019 Pakistan No 
Maharshi 2021[377] Early precut versus primary precut sphincterotomy to reduce post-ERCP pancreatitis: randomized 

controlled trial (with videos) 2017 2018 India No 

PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis 
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Figure 2.1. PRISMA Flow Diagram Outlining Initial Citation Identification, Screening, 
Eligibility And Final Inclusion In The Meta-Analysis 
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Figure 2.2a Forest Plot of Overall PEP Incidence In Observational Studies 
PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis 
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Figure 2.2b (part one). Forest Plot of Overall PEP Incidence In Randomized Control Trials 
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Figure 2.2b (part two). Forest Plot of Overall PEP Incidence In Randomized Control Trials 
PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis 
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Figure 2.3a. Forest Plot of Mild Pancreatitis Proportion In Observational Studies 
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Figure 2.3b. Forest Plot of Moderate Pancreatitis Proportion In Observational Studies 
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Figure 2.3c. Forest Plot of Severe Pancreatitis Proportion In Observational Studies 
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Figure 2.3d. Forest Plot of Mild Pancreatitis Proportion In Randomized Control Trials 
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Figure 2.3e. Forest Plot of Moderate Pancreatitis Proportion In Randomized Control Trials 
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Figure 2.3f. Forest Plot of Severe Pancreatitis In Randomized Control Trials 
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 Figure 2.4a. Forest Plot of Female PEP Incidence In Observational Studies  
PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis 
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Figure 2.4b. Forest Plot of Male PEP Incidence In Observational Studies 
PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis 
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Figure 2.4c. Forest Plot of Female vs. Male PEP OR In Observational Studies 
PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis; OR, odds ratio 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.4d. Forest Plot of Female PEP Incidence In Randomized Control Trials 
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Figure 2.4e. Forest Plot of Male PEP Incidence In Randomized Control Trials 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.4f. Forest Plot of Female vs. Male PEP RR In Randomized Control Trials 
PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis; RR, relative risk 



 

 55 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.5a. Forest Plot of Pancreatic Duct Cannulation vs. No Pancreatic Duct Cannulation PEP 
OR In Observational Studies 
PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis; OR, odds ratio 
 
 
 

Figure 2.5b. Forest Plot of Pancreatic Duct Cannulation vs. No Pancreatic Duct Cannulation PEP 
RR In Randomized Control Trials 
PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis; RR, relative risk 
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Figure 2.6a. Forest Plot of Pancreatogram vs. No Pancreatogram PEP OR In Observational 
Studies 
PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis; OR, odds ratio 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.6b. Forest Plot of Pancreatogram vs. No Pancreatogram PEP RR In Randomized 
Control Trials 
PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis; RR, relative risk 
 












































































































































