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Background/Aims: Recently, the European Society of Gastrointestinal Endoscopy (ESGE) proposed criteria for “difficult biliary cannulation” during endoscopic retrograde cholangiopancreatography (ERCP). This study aimed to investigate the clinical relevance of the ESGE criteria from
the perspective of post-ERCP pancreatitis (PEP).
Methods: An ERCP database was prospectively maintained between November 2014 and December 2015 across six teaching hospitals in South Korea. The ESGE criteria (biliary cannulation
time, the number of cannulation attempts, and inadvertent pancreatic duct [PD] manipulation)
were recorded in this database as well as other technical factors. Logistic regression analysis
was used to identify risk factors for PEP. Then, the PEP prediction model was investigated using
decision tree analysis.
Results: We analyzed 1,067 consecutive patients with naïve papilla. The overall rate of PEP was
6.6%. Multivariate analysis revealed that female sex (odds ratio [OR], 1.860; 95% confidence
interval [CI], 1.124 to 3.078), a selective biliary cannulation duration >5 minutes (OR, 3.282; 95%
CI, 1.641 to 6.566), and inadvertent PD manipulation (OR, 2.614; 95% CI, 1.480 to 4.617) were
significant factors affecting PEP. Decision tree analysis revealed that biliary cannulation time
(χ2=49.857, p<0.001) and inadvertent PD manipulation (χ2=8.556, p=0.010) were decisive factors. PEP occurred in 3.9%, 11.8%, and 16.2% of patients with biliary cannulation duration lasting
3 to 5 minutes, >5 minutes, and >5 minutes with inadvertent PD manipulation, respectively.
Conclusions: Biliary cannulation time and inadvertent PD manipulation could be relevant indicators of PEP, and 5 minutes might be used as a cutoff value for the implementation of the rescue
cannulation technique. (Gut Liver 2021;15:459-465)
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography
(ERCP) is a technically challenging procedure for several
pancreatobiliary disorders. Reportedly, selective biliary
cannulation, which is a prerequisite for successful ERCP,
was difficult in 5% of cases even when performed by expe-

rienced endoscopists, and this rate rose to approximately
18% of cases when performed across low-volume centers.1
Difficult biliary cannulation associated with repeated
and prolonged attempts increases the risks of ERCP-related
adverse events, particularly the risk of post-ERCP pancreatitis (PEP).2,3 Recently, the European Society of Gastrointestinal Endoscopy (ESGE) defined “difficult biliary can-

Copyright © Gut and Liver.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

www.gutnliver.org

Gut and Liver, Vol. 15, No. 3, May 2021

nulation” as any of the following factors: (1) more than five
contacts with the papilla prior to successful cannulation;
(2) more than 5 minutes of cannulation time following
visualization of the papilla; and (3) more than one inadvertent pancreatic duct (PD) cannulation or opacification.4,5
However, the definition of “difficult biliary cannulation”
varies across studies and thus interstudy comparisons are
impractical. Therefore, the aim of this study was to investigate the clinical relevance of the ESGE’s criteria for difficult
cannulation from the perspective of post-ERCP pancreatitis.

MATERIALS AND METHODS
ERCP database from six endoscopy centers in Daegu,
South Korea (Kyungpook National University Chilgok
Hospital, Kyungpook National University Hospital,
Keimyung University Dongsan Medical Center, Yeungnam
University Hospital, Daegu Catholic University Hospital,
and Daegu Fatima Hospital) was prospectively maintained
between November 2014 and December 2015. This database has been registered on the Clinical Research Information Service as clinical research (cris.nih.go.kr number,
KCT0003606). All ERCP procedures performed with the
intention of accessing the common bile duct to cannulate
the naïve papilla were included in this study. However,
patients with any of the following criteria were excluded
from the study: pregnant women, age <18 years, underlying chronic pancreatitis, main PD dilatation measuring >5
mm, uncontrolled coagulopathy (international normalized
ratio >1.5 or platelet count <50,000/mm3), or medically unstable cardiopulmonary disability for conscious sedation.
The study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in a priori
approval by the Medicity Daegu Joint Institutional Review
Board (IRB No. 2018-12-008). All authors had access to
the study data and reviewed and approved the final manuscript.
1. Endoscopic procedure
ERCPs were performed at each participating hospital
by experienced endoscopists who had performed >200
therapeutic ERCPs per year. Cannulation techniques (conventional catheter-first with subsequent sphincterotome
or sphincterotome-first with/without a preloaded guidewire) and the types of devices used for therapeutic procedures (balloon or basket for stone removal, plastic or selfexpandable metal stent [covered or uncovered] for biliary
drainage) were left to the endoscopist’s discretion. Moreover, peri-procedural management such as the amount of
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hydration or type of fluid and prophylactic drug was also
left to the strategy of participant hospitals. Endoscopistdirected-nurse administered sedation with midazolam,
fentanyl, and/or propofol was used at all participating hospitals.
2. Procedural outcomes and definitions
The ERCP database was maintained using a standardized reporting form at all six participating hospitals.
Indications, the cannulation technique, therapeutic interventions, results, and adverse events related to the procedure were recorded in all cases. The following data were
recorded upon completion of each ERCP: total procedure
time, biliary cannulation time, cannulation attempts, contact with papilla, inadvertent PD catheter insertion, PD
contrast injection, and PD guidewire passage. Procedurerelated adverse events such as PEP, perforation, bleeding,
or others were also recorded based on the definitions
proposed by Cotton et al. ,6,7 if these occurred within the
index hospitalization period. PEP was defined as the occurrence of new-onset abdominal pain that was associated
with an increase in serum amylase at least three times the
upper limit of normal at the next day after the procedure.6
ERCP-related bleeding was categorized into three subtypes: intraprocedural, immediate, and delayed bleeding.
Intraprocedural bleeding was defined when it occurred
during the procedure and additional manipulation was
required for hemostasis. Immediate bleeding was defined
when a hemoglobin drop of at least 2 g/dL was observed
within 24 hours after the procedure and delayed bleeding
was defined when it occurred after 24 hours later. Biliary
cannulation time was defined as the duration between
the first visualization of the papilla and deep cannulation. Cannulation time was recorded using a built-in stopwatch in the endoscopy system. Cannulation contact was
defined as each continuous contact with the papilla with
the intention of deep biliary cannulation. Repositioning
following a loss of contact with the papilla was defined as
a fresh attempt, and the number of cannulation attempts
was recorded. In case of inadvertent PD catheter and contrast agent or guidewire passage into the PD occurred, the
number of these events was also recorded. Furthermore,
inadvertent PD catheter insertion, PD contrast injection,
and PD guidewire passage were categorized as inadvertent
PD manipulation because 2016 ESGE guidelines do not
distinguish between these criteria in detail.
3. Statistical analysis
The independent t-test or the Mann-Whitney U-test
was used for continuous variables, and the chi-square or
the Fisher exact test was used for categorical variables. Uni-
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variate and multivariate analyses with logistic regression
were performed to evaluate patient- and procedure-related
variables to determine the independent risk factors associated with PEP. All variables showing a p-value <0.05 in the
univariate analysis were subjected to multivariate analysis.
The results were expressed as odds ratios with 95% confidence intervals. All p-values were two-sided, and a p-value
<0.05 was considered statistically significant. All statistical
analyses were performed using the SPSS statistics software,

version 20.0 (IBM Corp., Armonk, NY, USA).
Furthermore, decision tree analysis with the Chisquared Automatic Interaction Detector algorithm was
conducted for the hierarchical evaluation of the risk factors
of PEP including the criteria proposed by ESGE. In addition to previously known risk factors for PEP including
female sex, a history of precut sphincterotomy, and PD
contrast injection, other factors that were observed to be
significant on univariate analysis were included in the decision tree analysis.

Table 1. Baseline Characteristics of All Enrolled Patients
Characteristic
Age, yr
Female sex
Indication for ERCP
Choledocholithiasis
Malignant biliary stricture
Benign biliary stricture
Post-cholecystectomy bile leakage
Others
Presence of periampullary diverticulum
Type 1
Type 2
Type 3
Procedure time, min
Overall
Biliary cannulation
Bile duct access
Successful first attempt
Failed biliary cannulation
Contacts with papilla
None
<5 times
5–10 times
≥10 times
Inadvertent PD catheter insertion
None
<5 times
5–10 times
≥10 times
Inadvertent PD contrast injection
None
<5 times
5–10 times
≥10 times
Inadvertent PD guidewire passage
None
<5 times
5–10 times
≥10 times
Precut sphincterotomy
Infundibulotomy
Endoscopic papillary balloon dilation
Normal sphincterotomy
Prophylactic drugs
Nafamostat mesylate
Ulinastin
Gabexate mesylate

Value (n=1,067)
70 (19–101)
451 (42.3)
790 (73.0)
238 (22.1)
20 (1.9)
11 (1.0)
10 (0.9)
315 (29.5)
46 (14.6)
142 (45.1)
127 (40.3)
16 (3–85)
5 (1–65)
761 (70.4)
24 (2.2)
597 (56.0)
357 (33.5)
78 (7.3)
35 (3.3)
860 (80.6)
169 (15.8)
24 (2.2)
14 (1.3)
909 (85.2)
149 (14.0)
9 (0.8)
0
767 (71.9)
258 (24.2)
30 (2.8)
12 (1.1)
60 (5.6)
81 (7.6)
131 (12.3)
846 (79.3)
784 (73.5)
362 (33.9)
228 (21.4)
194 (18.2)

RESULTS
1. Baseline characteristics and technical outcomes
Table 1 summarizes the baseline, clinical, and procedural characteristics (clinical and technical aspects) of the
1,067 consecutive patients with naïve papilla who were
included in this study. Common bile duct stones (73.0%)
were the most common indication for ERCP in our study.
The second was malignant biliary stricture (238 patients,
22.1%), including cholangiocarcinoma (157 patients),
pancreatic cancer (38 patients), gallbladder cancer (25 patients), ampulla of Vater cancer (14 patients), and bile duct
metastasis (four patients). Selective bile duct cannulation
at the first attempt succeeded in 761 patients (70.4%). The
overall success rate for biliary cannulation was 97.4% (1,040
patients; median time, 5 minutes; range, 1 to 65 minutes).
A periampullary diverticulum was identified in 29.5% of
the patients. Precut sphincterotomy (5.6%) or infundibulotomy (7.6%) was performed as a rescue technique for
selective bile duct cannulation. Procedure-related adverse
events including PEP, post-ERCP bleeding, perforation,
and cholangitis occurred in 70 (6.6%), 120 (11.2%), seven
(0.6%), and 14 (1.3%) patients, respectively. The grade of

Table 1. Continued
Characteristic
Post-ERCP adverse events
Pancreatitis
Mild
Moderate
Severe
Bleeding
Intraprocedural
Immediate
Delayed
Perforation
Cholangitis

Value (n=1,067)
190 (17.8)
70 (6.6)
61 (87.1)
7 (10.0)
2 (2.9)
120 (11.2)
114 (95.0)
3 (2.5)
3 (2.5)
7 (0.6)
14 (1.3)

Data are presented as median (range) or number (%).
ERCP, endoscopic retrograde cholangiopancreatography; PD, pancreatic duct.
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PEP was mild in 61 (87.1%), moderate in seven (10.0%),
and severe in two (2.9%). Three subtypes of post-ERCP
bleeding was as follows: intraprocedural bleeding was occurred in 114 (95%), immediate in three (2.5%), and delayed in three (2.5%).
2. Risk factors for post-ERCP pancreatitis
According to PEP development, the enrolled patients
were categorized into two groups (PEP and non-PEP
group). Female sex, overall procedure time (>10 minutes),
biliary cannulation time (>5 minutes), the number of
contacts with the papilla (>5 times), inadvertent PD manipulation (PD contrast injection, guidewire passage, and/
or cannulation), and PD stent placement were statistically
significant on univariate analysis. However, overall procedure time (>10 minutes), the number of contacts with the
papilla (>5 times) and PD stent placement turned out to be
insignificant on multivariate analysis (Table 2).
3. Decision tree analysis for PEP prediction model
Decision tree analysis showed that the biliary cannulation time (χ2=49.857, p<0.001) and inadvertent PD
manipulation (χ2=8.556, p=0.010) were significantly associated with PEP. However, the number of contacts with the
papilla was not significant for discrimination. Moreover,
the final decision tree model showed that the biliary cannulation time was the most significant factor (Fig. 1).
We identified that 3 and 5 minutes of biliary cannulation time were the cutoff values for the development of

PEP (3.9% vs 11.8%, respectively). Furthermore, if inadvertent PD manipulation occurred in a patient with biliary
cannulation time of >5 minutes, the risk of PEP increased
to 16.2% (Fig. 1). However, for the subgroup of moderateto-severe grade PEP, inadvertent PD manipulation was the
only significant factor with a 1.9% risk of moderate-tosevere PEP in the decision tree model (Fig. 2).

DISCUSSION
This study revealed that the biliary cannulation time
and inadvertent PD manipulation were significant factors
for PEP development among the 3 ESGE’s criteria for difficult biliary cannulation (more than 5 minutes of cannulation time, more than five contacts with the papilla, and/
or more than one inadvertent PD cannulation/opacification).4,5 Furthermore, decision tree analysis showed that
biliary cannulation time is the most relevant parameter of
cannulation difficulty from the perspective of PEP development. PEP occurred in 11.8% of all cases when the biliary cannulation time was >5 minutes. Moreover, the risk of
PEP increased to 16.3% in patients in whom inadvertent
PD manipulation occurred when the biliary cannulation
time was >5 minutes. However, the number of contacts
with the papilla was not a significant factor for PEP in
multivariate analysis and decision tree analysis. This result
may be explained by the fact that the number of contacts
with the papilla plays the role of a covariate associated

Table 2. Univariate and Multivariate Analyses of Risk Factors for Post-ERCP Pancreatitis (n=1,067)
Univariate analysis

Multivariate analysis

Variable

With PEP
(n=70)

Without PEP
(n=997)

p-value

Age (≤70 yr)
Female sex
Periampullary diverticulum
Failed BD access
Overall procedure time (>10 min)
BD cannulation (>5 min)
Contact with papilla (>5 times)
Inadvertent PD manipulation
PD catheter insertion (≥1 attempt)
PD contrast injection (≥1 event)
PD guidewire passage (≥1 event)
Precut sphincterotomy
EPBD
Mechanical lithotripsy
ERPD
Prophylactic drug

39 (55.7)
39 (55.7)
18 (25.7)
3 (4.3)
66 (94.3)
56 (80.0)
14 (20.0)
46 (65.7)
26 (37.1)
19 (27.1)
40 (57.1)
5 (7.1)
4 (5.7)
4 (5.7)
9 (13.0)
59 (84.3)

499 (50.1)
412 (41.3)
297 (29.8)
21 (2.1)
755 (75.7)
418 (41.9)
99 (9.9)
322 (32.3)
181 (18.2)
139 (13.9)
260 (26.1)
55 (5.5)
127 (12.7)
63 (6.3)
54 (5.4)
725 (72.7)

0.364
0.018
0.470
0.220
<0.001
<0.001
0.008
<0.001
<0.001
0.003
<0.001
0.568
0.083
0.840
0.010
0.034

Odds ratio

95% CI

p-value

1.860

1.124–3.078

0.016

1.916
3.282
0.862
2.614

0.615–5.973
1.641–6.566
0.441–1.684
1.480–4.617

0.262
0.001
0.664
0.001

0.963
1.463

0.430–2.153
0.735–2.912

0.926
0.279

Data are presented as number (%).
ERCP, endoscopic retrograde cholangiopancreatography; PEP, post-ERCP pancreatitis; CI, confidence interval; BD, bile duct; PD, pancreatic duct;
EPBD, endoscopic papillary balloon dilation; ERPD, endoscopic retrograde pancreatic drainage.
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Post ERCP pancreatitis
Node 0
n
%
Category
997
Non-PEP 93.4
70
6.6
PEP
100.0 1,067
Total
Bile duct cannulation
Adjusted p=0.000,  =49.857, df=2
3.0 min
Node 1
%
Category
Non-PEP 98.6
1.4
PEP
34.1
Total

3.0 5.0 min
Node 2
%
Category
Non-PEP 96.1
3.9
PEP
21.5
Total

n
359
5
364

5.0 min
Node 3
%
Category
Non-PEP 88.2
11.8
PEP
44.4
Total

n
220
9
229

n
418
56
474

Inadvertent pancreatic duct manipulation
Adjusted p=0.010,  =8.556, df=1
0

1

Node 4
%
Category
Non-PEP 93.2
6.8
PEP
20.7
Total

Accuracy of classification=93.4%

n
206
15
221

Node 5
Category
%
Non-PEP 83.8
16.2
PEP
23.7
Total

n
212
41
253

Fig. 1. A decision tree model for the prediction of post-ERCP pancreatitis generated by classification and regression tree analysis using our ERCP
database.
ERCP, endoscopic retrograde cholangiopancreatography; PEP, post-ERCP pancreatitis.

Post ERCP pancreatitis (moderate to severe)
Node 0
n
%
Category
99.2 1,058
No
9
0.8
Yes
100.0 1,067
Total
Inadvertent pancreatic duct manipulation
Adjusted p=0.005,  2=7.921, df=1
0
Node 1
%
Category
Non-PEP 99.7
0.3
PEP
65.5
Total

1

n
697
2
699

Node 3
%
Category
Non-PEP 98.1
1.9
PEP
34.5
Total

Accuracy of classification=99.2%

with the biliary cannulation time. This finding is also supported by the study of Tian et al. 8 which demonstrated that
there was a positive correlation between cannulation time
and the number of attempts, and cannulation time was a
more objective and accurate assessment tool for cannulation difficulty. Furthermore, the low number of contacts
with papilla does not necessarily mean easy cannulation.
Therefore, among the 3 ESGE’s criteria for difficult cannulation proposed in 2016, the biliary cannulation time and
inadvertent PD manipulation would be indicators of PEP

n
361
7
368

Fig. 2. A decision tree model for the
prediction of post-ERCP pancreatitis
in the moderate-to-severe grade
subgroup, generated by classification and regression tree analysis
using our ERCP database.
ERCP, endoscopic retrograde cholangiopancreatography; PEP, postERCP pancreatitis.

development; and then 5 minutes could be used as a cutoff
value for the implementation of rescue cannulation technique.
Recently, Mariani et al. 9 reported that early precut
sphincterotomy (in which rescue needle-knife sphincterotomy was performed whenever bile duct cannulation failed
after 5 minutes or after three passes of inadvertent PD cannulation), reduced the incidence of PEP. This finding suggests that precut sphincterotomy by itself is not a risk factor, but prolonged cannulation might be a more significant
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risk factor for PEP. These findings were in agreement with
our study outcomes for reducing the cannulation time to
prevent PEP. When decision tree analysis was performed
only for moderate-to-severe PEP, inadvertent PD manipulation was the only factor that showed statistical significance, which might indicate that instrumentation and
manipulation-induced mechanical injury to the PD is the
most important pathophysiological contributor to moderate-to-severe PEP rather than electrosurgery-induced
thermal injury associated with sphincterotomy. Furthermore, two recent meta-analyses of randomized controlled
trials have also demonstrated the benefit of early precut
sphincterotomy to prevent PEP.10,11 Therefore, endoscopists
should try to reduce the time of selective biliary cannulation as short as possible and, if not, rescue techniques such
as precut sphincterotomy or double guidewire technique
should be considered in an early phase of the procedure in
the case of difficult biliary cannulation.
Considering the association between inadvertent PD
manipulation and PEP, which was also demonstrated in
this study, the insertion of a prophylactic indwelling PD
stent is a reasonable recommendation. However, pancreatic
stent and drugs for PEP prophylaxis were ineffective in this
study. This finding might be explained by the observational
study design in that certain patients with a seemingly high
probability for PEP might be more frequently treated with
prophylactic medications or PD stent based on personal
criteria.
The limitations of this study are as follows: (1) this study
was designed as an observational study although the data were
collected prospectively. However, we used a relatively large
multicenter ERCP database containing detailed information
and technical data regarding procedures performed by highly
qualified and experienced endoscopists. (2) The method of
and devices used for biliary cannulation as well as the strategy
of peri-procedural management such as the amount of hydration or type of fluid and prophylactic drug were not standardized across all participating hospitals and operators. However,
all endoscopists who performed the procedures included in
this study were highly experienced, which was reflected by the
ERCP-related technical outcomes of this study (the success
rate of biliary cannulation was 97.5%, and the median biliary
cannulation time was 5 minutes). Therefore, the variability in
cannulation techniques and devices might not have significantly affected our study results.
Nonetheless, the strength of our study is that multicenter ERCP registry from high-volume endoscopy centers was used for the evaluation of difficult cannulation
criteria. Thus, the results accurately reflect in detail the
technical aspects of the procedure performed by experienced endoscopists. Furthermore, the use of decision tree
464 www.gutnliver.org

analysis to identify the risk factors for PEP provided a clear
understanding of the hierarchy of the related variables.12-14
Decision tree analysis has been frequently used in many
medical types of research because it provides an optimal
prediction model with identifying relevant factors for primary outcomes. Furthermore, the first discriminating variable of final decision tree model is considered to have the
strongest statistical association with the primary outcome
variable.15,16
In conclusion, among the 3 ESGE’s criteria for difficult
cannulation, biliary cannulation time and inadvertent PD
manipulation would be indicators of PEP development.
Furthermore, the biliary cannulation time was the most
significant factor for PEP. Therefore, the cannulation time
should be as short as possible for the prevention of PEP
development; and then 5 minutes might be used as a cutoff
value for the implementation of rescue cannulation technique.
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