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Abstract
Background and Aim: Endoscopic retrograde cholangiopancreatography (ERCP) is
commonly used to diagnose and treat bile duct and pancreatic disorders. Successful
cannulation of the papilla is crucial for the effectiveness of ERCP; however, some-
times, it can be challenging to achieve. This study explores the relationship between
net difficult ERCP cannulation with bile visibility, papilla orifice visibility, and papilla
position and compares it with successful cannulation.
Methods: These data were collected from the ERCP database at the Center for Liver
Disease, Holy Family Hospital, Rawalpindi, between November 2019 and November
2022. IBM SPSS version 26.0 software was used for statistical analysis.
Results: The study included 329 patients, with 186 (56.6%) female and 143 (43.5%)
male participants. Most patients were in the 39–48 age group (28.3%), with a mean
age of 51 � 1. Bile visibility was noted in 268 (81.5%) cases, papilla orifice visibility
in 296 (90%) participants, atypical papilla in 20 (6.1%), and typical papilla in
309 (93.9%) participants. Bile visibility (P = 0.004) and papilla orifice visibility
(P = 0.006) were significantly associated with successful cannulation, while papilla
position (P = 0.116) was not. Significant associations were also found between diffi-
cult cannulation and bile visibility (P = 0.000), papilla orifice visibility (P = 0.000),
and papilla position (P = 0.000).
Conclusion: Understanding this relationship can improve success rates and reduce
complications associated with difficult cannulation during ERCP procedures. Further
research is needed to establish clear correlations and guidelines for endoscopists to
plan appropriate strategies for challenging cases.

Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) is a
prevalent procedure used to manage pancreaticobiliary condi-
tions. The success rate and post-procedure complications are
related to cannulation time and duration in the bile duct, increas-
ing the number of scope contacts with major duodenal papillae
or unintentionally entering the pancreatic duct.1–3 While offering
high technical and clinical success, ERCP is associated with
measurable rates of adverse events, including post-ERCP pancre-
atitis (PEP) and bleeding, both of which carry the potential for
serious patient morbidity and substantial healthcare utilization.4

The characteristics of the papilla considered are the posi-
tion of the papilla (typically on the posteromedial wall of the

second part of the duodenum) being typical or atypical, visibil-
ity of the bile stream flowing from the major duodenal papilla,
and visibility of the orifice of the major duodenal papilla. The
gross appearance of the major duodenal papilla plays an essen-
tial role in cannulation, whereas the small papilla is signifi-
cantly more challenging to cannulate.5 According to recent
ESGE guidelines, difficult cannulation is defined as one that
takes more than 5 min or >5 attempts, that is, contacts of the
scope with papilla. For this study, we have considered any uni-
ntentional pancreatic duct cannulation as an unsuccessful can-
nulation.6,7 So, this study aimed to determine a relationship
between some visual characteristics of the papilla and difficulty
in selective bile duct cannulation.

doi:10.1002/jgh3.70045

JGH Open: An open access journal of gastroenterology and hepatology 8 (2024) e70045

© 2024 The Author(s). JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,

provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

1 of 5

https://orcid.org/0000-0002-6006-4159
mailto:amjadkhan@qau.edu.pk
mailto:amjadkhan@qau.edu.pk
mailto:yufang@mail.xjtu.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0/


Methods
This study was conducted at the Center for Liver Disease, Holy
Family Hospital, Rawalpindi (a tertiary care hospital) between
Nov 2019 and Nov 2022. The data were collected from the
ERCP database, including diagnostic ERCP with or without ther-
apeutic intervention (biopsy, sampling, stenting, sphincterotomy,
stone extraction).

A total of 329 patients were included in this study. Exclu-
sion criteria were age under 18 years; pancreatic management
(e.g. initial duct of interest was pancreatic duct); type 1 per-
iampullary diverticulum (PAD), which often makes classification
of papilla type and cannulation difficult; tumor involvement of
the papilla; papilla could not be classified due to other reasons
(e.g. duodenal mucosa swelling, deformity, ulcer on the surface
of papilla); surgically altered anatomy or anomalous pan-
creaticobiliary ductal union, which makes cannulation difficult.
With a previous history of sphincterotomy or ERCP, cannulation
was also excluded.

The total time for ERCP cannulation and the number of
attempts were observed and recorded. The ERCP cannulation dif-
ficulty index was used to define whether cannulation was easy or
difficult. Any cannulation requiring more than five attempts
or needle cut sphincterotomy or that which took more than 5 min
was considered difficult, while cannulation achieved in <5
attempts with <5 min was considered easy.

Successful cannulation was achieved by gaining deep
access to the bile duct, aided by cholangiography. Visual charac-
teristics of the papilla, such as position (typical or atypical), ori-
fice visibility of the bile stream, and relationship with ERCP
cannulation difficulty, were analyzed. For statistical analysis,
IBM SPSS version 26.0 software was used.

Results

Gender-based distribution. A total of 329 ERCPs were
performed over the 12-month study period. They comprised
186 (56.6%) females and 143 (43.5%) males. The age range was
17–95 years, and the mean was 51 � 1. Based on age groups,
20 (6.1%) were in the 18–28 years age group, 49 (14.9%) were
in the 29–38 years age group, 54 (16.4%) were in the 39–

48 years age group, 93 (28.3%) were in 49–58 years age group,
64 (19.5%) were in 59–68 years age group, 36 (10.9%) were in
69–78 year age group, 9 (2.7%) were in 79–88 years age group,
while 4 (1.2%) were in 89–98 years age group, as shown in
Figure 1. The overall success rate was 316 (96%), whereas
13 (4%) were unsuccessful.

Bile visibility role, papilla orifice visibility, and
papilla position association with successful can-
nulation and net difficulty. Among 329 subjects, bile
was visible in 268 (81.5%), while in 61 (18.5%), participants’
bile was invisible. The association of bile visibility (P = 0.004)
was significant with successful canulation. The Papilla orifice
visibility was noted in 296 (90%) participants, while the papilla
was invisible in 33 (10%) participants. We divided the position
of the duodenum papilla into two types: The atypical type was
noted in 20 (6.1%), while the typical type was seen in
309 (93.9%) participants. Papilla orifice visibility (P = 0.006)
with successful cannulation was significant, while the position of
the papilla (P = 0.116) has no association with successful cannu-
lation. The association of bile visibility (P = 0.000), Papilla ori-
fice visibility (P = 0.000), and position of pallia (P = 0.000)
were significant with the net difficulty of canulation shown in
Figure 2 and Table 1.

Figure 3 represents endoscopic images illustrating the visi-
bility of bile flow from the papilla orifice (Fig. 3a), indicating
normal ductal function and an open pathway for successful can-
nulation. In contrast, Figure 3b presents the papilla as visible, but
no bile flow is observed, which could suggest an obstruction,
spasm, or other underlying condition, potentially complicating
the cannulation process. Figure 3c shows a papilla with a visible
orifice aiding in smooth and successful cannulation, whereas, in
Figure 3d, the papilla exhibits standard anatomical features,
including a distinct frenulum, orifice, and infundibulum, indica-
tive of a typical and easily recognizable morphology.

Discussion
ERCP is a procedure used for diagnosing and treating conditions
of the bile ducts and pancreas. During ERCP, the successful can-
nulation of the papilla (also known as the major duodenal papilla
or ampulla of Vater) is crucial for accessing the bile and

Figure 1 Gender-based distribution and age-wise distribution. ( ), Female; ( ), male.
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pancreatic ducts. However, in some cases, papilla cannulation
can be challenging to achieve.

Several factors can contribute to difficult cannulation,
including anatomical variations, previous surgeries or interven-
tions, and inflammatory conditions. However, recent studies have
also focused on the visual characteristics of the papilla as poten-
tial predictors of difficult cannulation. Visual characteristics such
as the papilla’s size, shape, orientation, and certain features like
periampullary diverticula or intra diverticular papilla have been
investigated to determine their association with difficult cannula-
tion. Some studies have suggested that specific visual characteris-
tics, such as a large or nondilated papilla, a horizontally oriented
papilla, or the presence of periampullary diverticula, may
increase the likelihood of difficult cannulation. However, the evi-
dence regarding these associations needs to be more consistent,
and further research is required to establish clear correlations.

Understanding the relationship between difficult cannula-
tion and the visual characteristics of the papilla can help endo-
scopists anticipate challenges and plan appropriate strategies
during ERCP procedures. It may also guide the development of
techniques or technologies to improve success rates and reduce
complications associated with difficult cannulation.

We concluded that bile duct cannulation could be deemed
complex in cases of nonvisibility of the orifice of MDP, in those

cases that have an atypical position of the major duodenal
papilla, that is, other than the posteromedial wall of second part
of the duodenum and in cases with nonvisibility of bile stream
flow from the papilla in the duodenum. Difficult cannulation is a
single major factor leading to an increase in the frequency of
post-procedure complications like post-ERCP pancreatitis.8

Factors like age, female gender, and dysfunction of the
sphincter of Oddi have also been defined as causative factors of
post-ERCP complications.3 In our study, a total of 329 patients
were included. The female participants accounted for 56.6% of
the sample, while males accounted for 43.5%. The age distribu-
tion of the participants was as follows: 6.1% in the 18–28 years
age group, 14.9% in the 29–38 years age group, 16.4% in the
39–48 years age group, 28.3% in the 49–58 years age group,
19.5% in the 59–68 years age group, 10.9% in the 69–78 years
age group, 2.7% in the 79–88 years age group, and 1.2% in the
89–98 years age group. The mean age of the participants was
51 � 1. Among all age groups, the highest number of partici-
pants was in the 59–68 (19.5%) age group, while the lowest was
in the 89–98 (1.2%) age group.

In his study,9 Martin concluded that managing bile duct
stones using ERCP and altered anatomy can pose significant
challenges to the endoscopist and team regarding selective biliary
cannulation. Morphology of the major duodenal papilla

Figure 2 Different variables in 329 participants such as bile visibility in 268 participants and bile invisibility in 61 participants; papilla orifice visibility
in 296 participants, while Papilla orifice invisibility in 33 participants; atypical type was noted in 20 participants, while the typical type was noted in
309 participants.

Table 1 Different variables associated with successful canulation and net difficulty

Variables Frequency (%) Successful cannulation variables (P-value) Net difficulty

Bile visibility (visibility/invisibility) 268 (81.5%)/61 (18.5%) 0.004* 0.000*
Papilla orifice visibility (visibility/invisibility) 296 (90%)/33 (10%) 0.006* 0.000*
Position of papilla (typical/atypical type) 309 (93.9%)/20 (6.1%) 0.116 0.000*

*P < 0.05 is significant.
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influences cannulation rates irrespective of the technique used.10

In our study, bile visibility was 81.5%, while 18.5% was
invisible.

In a study by Haraldsson et al., cannulation difficulty was
determined based on four different types of papillae, which a
similar group of researchers classified in 2016.11,12 It was con-
cluded that small and protruding papillae were significantly more
challenging to cannulate than regular papillae, with percentages
of difficult cannulation being 52% and 48%, respectively, com-
pared with 36% in regular papillae. Watanabe et al. classified
oral protrusion of papillae into small, regular, and large types,
and categorized papillae pattern into annular, unstructured, longi-
tudinal, isolated, and gyrus types, and concluded that large pro-
trusion papillae were an independent risk factor for difficult
biliary cannulation (95% CI).13

We noted papilla orifice visibility was in 90% of partici-
pants, while in 10% of participants, papilla was invisible; we
divided the position of duodenum papilla into two types: the
atypical type was 6.1% while the typical type was 93.9%. Based
on pancreatic cannulation, 14% were done successfully, while
86% failed. The association of bile visibility (P = 0.004) and
papilla orifice visibility (P = 0.006) with successful cannulation
was significant.

The position of the papilla’s orifice varies. In a study by
Lindner et al., carried out on 1000 patients, it was concluded that

in 86.9% of patients, the orifice was present in the descending
part of the duodenum. In 13.1% of patients, the position of the
orifice varied between the junction of the descending and trans-
verse parts and the transverse part of the duodenum.14 In a pilot
study to characterize the papillae as described by endoscopists,
Zuber-Jerger et al. concluded that the combined presence of a
visible orifice and the typical position of the duodenoscope had
a positive predictive value of 96% of successful biliary
cannulation.15

The strength of our study is that we have limited inter-
observer variation by allocating only two personnel to the task of
data observation and recording and restricted the variation
of ERCP expertise by defining two well-experienced endo-
scopists; endoscopist expertise is another major factor in deter-
mining the rates of cannulation success, as specified in various
studies on the subject, like the one carried out by Aabakken and
Bhat.16 Advancements in imaging technologies, such as Texture
and Color Enhancement Imaging (TXI), have been reported to
enhance the visualization of the papilla orifice and improve pro-
cedural outcomes. By enhancing the contrast and texture of the
papilla, TXI has shown promising results in improving the identi-
fication of the orifice, particularly in cases where it is difficult to
visualize with standard techniques.17 However, its application in
our setting, particularly in Pakistan, currently needs to be
improved due to the unavailability of this technology, making it

Figure 3 (a) Orifice with visible bile flow; (b) orifice without visible bile flow; (c) papilla with visible orifice; (d) typical Papilla.
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impractical for us to apply this technique. That said, we acknowl-
edge its value and look forward to the possibility of adopting
such advanced technologies in the future as healthcare infrastruc-
ture evolves.

In conclusion, this study aims to explore the relationship
between difficult ERCP cannulation and the visual characteristics
of the papilla. Understanding this relationship can improve suc-
cess rates and reduce complications associated with difficult can-
nulation during ERCP procedures. Further research is needed to
establish clear correlations and guide endoscopists in planning
appropriate strategies for challenging cases.

Conducting the study at a single medical center means the
findings may not represent the broader population or different
practice settings. The lack of a control group makes assessing the
proper relationship between difficult cannulation and the papilla’s
visual characteristics challenging.
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