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ABSTRACT

Background and study aim Simulator-based training has

been extensively studied in training gastroduodenoscopy

and colonoscopy and shown to significantly improve learn-

ing curves of novices. Data on simulator-based training in

endoscopic retrograde cholangiopancreatography (ERCP)

are scarce. We aimed to determine the impact of 2-day in-

tensive hands-on simulator training on the course of the

learning curve of novice trainees.

Methods We conducted a prospective cohort study using a

validated mechanical ERCP simulator (Boškoski-Costamag-

na ERCP Trainer). Six trainees were allocated to the simula-

tion course program (SG). Each of these trainees were

paired with an endoscopy trainee starting regular ERCP

training at the same center who had no exposure to a simu-

lation course program (control group; CG). The course in-

cluded lectures, live ERCP demonstrations, and hands-on

ERCP training to educate trainees in basic techniques relat-

ed to cannulation, stent placement, stone extraction and

stricture management. After the course, both the SG and

CG started formal ERCP training in their respective centers.

The Rotterdam Assessment Form for ERCP was used to reg-

ister each performed ERCP. Simple moving average was ap-

plied to create learning curves based on successful com-

mon bile duct (CBD) cannulation. Outcomes were plotted

against a historical cohort (HC).

Results Thirteen trainees were included, six trainees in the

SG and seven trainees in the CG, with a total of 717 ERCPs.

Mean successful ERCP cannulation rate was higher for the

simulator group at baseline compared to both CG and HC,

64% versus 43% and 42%, respectively. Differences became

less explicit after 40 ERCPs, but persisted until a median of

75 ERCPs.

Conclusions We demonstrate that 2-day hands-on simula-

tor-based ERCP training course has a positive effect on the

learning curves of ERCP trainees and should be considered

an integral part of the training curricula for ERCP to develop

skills prior to patient-based training.

Additional material is available at

https://doi.org/10.1055/a-2114-2842
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Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) is a
technically challenging procedure with significantly higher
complication rates compared to standard endoscopic proce-
dures [1, 2]. The outcome of ERCP is highly operator-depen-
dent. Complications are more likely to occur when an ERCP is
performed by an inexperienced endoscopist [3]. Extensive
training and procedural exposure is required to gain both tech-
nical and cognitive competency in ERCP.

To date, novice ERCP-ists are trained in a clinical setting
through supervised, hands-on training in real patients. Advan-
tages of the current training system include, among others, the
opportunity to gain immediate feedback by an experienced
endoscopist. However, this approach does have distinct disad-
vantages. This type of training is an example of learning by
“trial and error” and potentially increases the risk of complica-
tions and patient discomfort. Additionally, it adds time and
costs to each procedure affecting total capacity and financial
resources [4]. Trainees operate in a stressful environment,
which may be less suited to process feedback appropriately
with the risk of being exposed to an overload of new informa-
tion. The optimal methodology to acquire competence in ERCP
is an ongoing topic of debate. Historically, it was assumed that
competence is gained when a minimum number of ERCP proce-
dures is performed, with guidelines recommending threshold
numbers, varying from 100 to 200 ERCP procedures, at which
time a trainee should reach an 80% common bile duct (CBD)
cannulation success rate [5]. In a study by Verma et al. [6], how-
ever, it was shown that a CBD cannulation rate of more than
80% was achieved only after 400 supervised procedures. As a
result of this study there has been a shift to a more individua-
lized approach, considering that individual trainees develop
endoscopic skills at a different pace [7]. The specific role of si-
mulators in training ERCP have not been defined yet. The out-
come of simulator-based training on competence in gastroduo-
denoscopy and colonoscopy have been extensively studied, de-
monstrating that novices gain significant experience by training
on simulators before they are exposed to real patients [8, 9].
The improvement in performance seems most prominent in
the early phase of the training. For example, a study by Koch et
al. evaluating simulator training in colonoscopy demonstrated
that there was no further improvement after 60 procedures
[10]. Data on simulator training for training ERCP are scarce.
Previously, our study group validated a novel mechanical ERCP
trainer, the Boškoski-Costamagna ERCP trainer [11, 12].

For this study, our primary aim was to assess whether a 2-day
intensive hands-on training including the use of the Boškoski-
Costamagna ERCP Trainer in novice ERCP trainees at the start
of patient-based training resulted in an acceleration and im-
provement of their learning curve. Our secondary aim was to
establish to what extent this advantage would last.

Materials and methods
Study design

This was a prospective cohort study conducted in seven tertiary
referral centers in five countries (Supplementary Table 1). A
total of 13 endoscopy trainees participated in this study. Alloca-
tion of participants was not strictly random, but was based on
registration for a 2-day ERCP simulator training course in Rome,
Italy. Participation in the course was allowed for endoscopists
at the beginning of their ERCP careers. The simulator course
participants (SG, simulator group) were paired with a starting
advanced endoscopy trainee at their respective institution to
form a control group (CG, control group). At study onset, all
subjects completed a questionnaire to determine their demo-
graphics, baseline endoscopic experience, ERCP-specific experi-
ence, and simulator familiarity.

Simulator

The second-generation Boškoski-Costamagna ERCP Trainer
(Cook Medical, Limerick, Ireland) was used in this study. This is
a mechanical simulator and consists of a metal framework with
the esophagus, stomach, and duodenum constructed from
plastic. The simulator has been designed to train novice endos-
copists on correct positioning of the endoscope, assuming that
a successful ERCP is largely dependent upon the ability to
achieve an optimal position of the endoscope in front of the pa-
pilla. The simulator enables use of a real duodenoscope and
commercially available accessories. Training options include
positioning of the endoscope in front of the papilla, cannula-
tion of the CBD, cannulation of the pancreatic duct, removal
of a CBD stone using a coffee bean, and stent placement. In
this model, it was not yet possible to practice sphincterotomy.
A small video camera provides simulated fluoroscopy. The si-
mulator has been previously described in detail in a validation
study [11]. The simulator is depicted in ▶Fig. 1.

▶ Fig. 1 The Boškoski-Costamagna ERCP Trainer.
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Two-day ERCP training program

The 2-day ERCP simulator training course is hosted in the Euro-
pean Endoscopy Training Centre (EETC) at the Gemelli Universi-
ty Hospital, Rome, Italy, and a comparable training setting has
been set up at the Eastern Hepatobiliary Hospital, Second Mili-
tary Medical University, Shanghai, China. The course includes
lectures, live ERCP demonstrations, and hands-on ERCP training
to teach trainees the basic techniques related to cannulation,
stent placement, stone extraction, and stricture management.
The program starts with a lecture on the basics of cannulation
and sphincterotomy techniques, followed by a 2-hour session
of live demonstrations focusing on the position of the endo-
scope and cannulation techniques. In the afternoon, trainees
receive hands-on training on the simulator for at least 3.5
hours. The second day starts with a lecture on prevention of bi-
liopancreatic complications followed by live demonstration
with additional lectures on stent and stricture management.

Subsequently, the trainees are again exposed to hands-on
training for at least 2.5 hours. During these hands-on training
sessions, trainees are able to extensively practice the various
techniques under the supervision of experienced endoscopists.
The course content was delivered by the EETC faculty and the
visiting faculty. The group comprised a maximum of 10 trainees
and at least one or two ERCP practitioners of the visiting faculty
were present. Five Boškoski-Costamagna ERCP Trainers were
available for hands-on training. Two trainees were allocated
per simulator. Both trainees alternated in their role as assistant
and endoscopist. ERCP training was performed using a standard
therapeutic duodenoscope (PENTAX Medical, Hoya Corp., To-
kyo, Japan) and commercially available accessories from Cook
Medical, Limerick, Ireland.

Rotterdam Assessment Form for ERCP

Both the SG and CG started their formal ERCP training in a real-
life setting in patients at their own departments. The Rotter-
dam Assessment Form for ERCP (RAF-E) was used to register
and score each performed ERCP. In 2014, Ekkelenkamp et al.
[13] demonstrated that this self-assessment tool allows both
trainees and trainers to gain insight in procedural quality of
ERCP procedures by means of proposed ERCP quality indicators
[14]. The tool was used in a second study to evaluate the learn-
ing curves of novice trainees [15]. The RAF-E form is largely
based on previously validated assessment tools. All ERCPs per-
formed in this study were part of routine clinical care per-
formed at the participating centers, regardless of the indica-
tion for ERCP and a previously performed sphincterotomy. Par-
ticipants completed a RAF-E form after each procedure.

Historical cohort

Results in terms of successful biliary cannulation rates for both
SG and CG were plotted against a historical cohort (HC) of 15
ERCP trainees. In 2014, Ekkelenkamp et al., from the same re-
search group, published the results of a prospective study eval-
uating the ERCP learning curves of 15 novice trainees in the
Netherlands [15]. A total of 1541 ERCPs were included in the
study. The trainees followed their regular training program,

without previous ERCP simulator training, and documented
each performed ERCP using the RAF-E.

Outcome measures

The main outcome measure was successful CBD cannulation
rate. In a previous study by our group [15], we have demon-
strated that CBD cannulation can be regarded as a surrogate
marker for procedural competence. The curve for CBD cannula-
tion is comparable to those for therapeutic interventions such
as stent placement and sphincterotomy. This means that the
learning curve for overall CBD cannulation success can be used
for quick information about whether an individual trainee is
progressing according to the expected group learning curve or
not. It reflects the corresponding learning curves for therapeu-
tic interventions. For this reason, our focus in the current study
was solely on cannulation success rates. Therapeutic interven-
tions and procedural success were not necessarily reported for
all procedures.

Statistical analysis

Statistical analyses were performed using SPSS 25.0 software
(IBM Corp: Armonk, New York, United States). Baseline charac-
teristics, group averages and standard deviations were present-
ed in mean, median with standard deviation or interquartile
range, respectively. A two-sided P <0.05 was considered signif-
icant. Graphs were created with standard software.

A simple moving average technique was used to analyze the
ERCP learning curves of the trainees based on successful cannu-
lation rates. The moving average technique depicts data points
by creating a series of averages of different subsets of the com-
plete data set. A moving average creates a trend line that par-
tially compensated for outlying results and displays a learning
curve over time that is easier to interpret compared to a loose
set of data points. It is a method that is used in a number of
studies regarding learning curves [15, 16, 17]. The mean num-
ber of successful cannulations of the CBD was calculated for
each trainee over blocks of 10 ERCP procedures. A rising mov-
ing average indicates a positive learning curve plotted in suc-
cessful CBD cannulation rates.

Results
A total of 13 trainees (9 male) from six countries were included
in this study. The SG consisted of six trainees. The remaining
seven trainees were assigned to the CG. The mean age of the
trainees was 32 years. Five trainees (38.5%) had been trained
previously on a simulator (gastroduodenoscopy or colonoscopy
simulator training), two were assigned to the SG and three trai-
nees to the CG. Ten trainees had no previous ERCP experience,
two trainees had a maximum of 10 previously performed ERCPs
(in each group one trainee), and one trainee had performed a
maximum of 20 procedures and was included in CG. The SG
performed around 30 procedures per person during the 2-day
training course. Overall, the group of trainees performed a total
of 717 ERCPs at their own institutions. The median number of
ERCP procedures per trainee performed during the study peri-
od was 24 procedures with a broad range of nine to 153 proce-
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dures. The median number of ERCPs in the simulator training
group was significantly higher than in the conventional training
group (56 versus 22 procedures, P =0.002). The overall percen-
tage of ERCPs performed in patients with a native major papilla
was 52.4% and did not differ significantly between groups. A
statistically significant difference between groups was seen in
ERCP difficulty degree (P =0.001), with more difficult ERCPs in
the SG. Baseline characteristics are outlined in ▶Table 1.

Moving average curve

The simple moving average of SG versus CG and HC is plotted in

▶Fig. 2. The X axis signifies the cumulative ERCP procedure
number and the Y axis represents the percentage of successful
CBD cannulation in patient-based ERCP. Mean successful ERCP
cannulation rate was higher for the simulator group at baseline
(moving average after the first 10 ERCPs) compared to both CG

▶Table 1 Baseline characteristics.

Simulator group Conventional group Total P

Trainees 6 7 13

Male, n (%) 5 (83.3) 4 (57.1) 9 (69.2) 0.190

Age in years, mean (SD) 33.0 (1.0) 31.2 (2.5) 32.0 (2.1)

Simulator familiarity (%) 2 (33.3) 3 (42.9) 5 (38.5) 0.436

Patient-based ERCP procedures performed, n (%) 383 (53.3) 334 (46.5) 717 0.002

Median number of ERCP procedures, n (range) 56 (13–140) 22 (9–153) 24 (9–153)

Indication 0.089

▪ Reaching and papilla cannulation, n (%) 16 (4.2) 20 (6.0) 36 (5.0)

▪ Complete stone extraction CBD, n (%) 120 (31.3) 99 (29.6) 219 (30.5)

▪ Endoprothesis – stenosis CBD, n (%) 121 (31.6) 91 (27.2) 212 (29.6)

▪ Metal stent – stenosis CBD, n (%) 73 (19.1) 64 (19.2) 137 (19.1)

▪ Endoprothesis bile leakage, n (%) 13 (3.4) 6 (1.8) 19 (2.6)

▪ Therapy chronic pancreatitis, n (%) 7 (1.8) 17 (5.1) 24 (3.3)

▪ Other, n (%) 33 8.6) 37 (11.1) 70 (9.8)

Difficulty degree, n (%) 0.001

▪ 1 187 (48.8) 211 (63.2) 398 (55.5)

▪ 2 161 (42.0) 102 (30.5) 263 (36.7)

▪ 3 35 (9.1) 21 (6.3) 56 (7.8)

Native papillary anatomy, n (%) 0.067

▪ Yes 211 (55.1) 165 (49.4) 376 (52.4)

▪ No 172 (44.9) 169 (50.6) 341 (47.6)

Previous ERCP failure, n (%) 0.336

▪ Yes 41 (10.7) 42 (12.6) 83 (11.6)

▪ No 262 (68.4) 211 (63.2) 473 (66.0)

▪ Not applicable 80 (20.9) 81 (24.3) 161 (22.5)

ASA Score, n (%) 0.000

▪ ASA 1 58 (15.8) 60 (21.6) 118 (18.3)

▪ ASA 2 198 (54.1) 176 (63.3) 374 (58.1)

▪ ASA 3 99 (27.0) 38 (13.7) 137 (21.3)

▪ ASA 4 8 (2.2) 4 (1.4) 12 (1.9)

▪ ASA 5 3 (0.8) 0 (0) 3 (0.5)

CBD, common bile duct; ERCP, endoscopic retrograde cholangiopancreatography; ASA, American Society of Anesthesiologists.
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and HC, 64% versus 43% and 42%, respectively. After 40 ERCPs,
the differences in successful CBD cannulation become less ex-
plicit between the SG and both the CG and HC, but persisted
until a median of 75 ERCPs. At this point. a successful CBD can-
nulation rate of 82% is seen in both the SG and CG. From this
point on the available data were too limited to detect a statisti-
cal difference between the learning curves. The HC did not
cross the line of the SG and shows a successful cannulation
rate of 68% after 75 procedures.

Discussion
In this prospective study, we demonstrated that novice ERCP
trainees gain significant experience by training on the mechan-
ical ERCP simulator before they are exposed to real patients.
The 2-day hands-on training course had a positive effect on
the performance of trainees compared to the CG. The effect of
simulation-based ERCP training on patient-based performance
lasted up to around 75 ERCPs.

Despite growing awareness that procedure numbers are an
inadequate means to define competence in ERCP, it is still the
predominant methodology used to define the competence of
trainees in most training curricula. Several studies have demon-
strated that trainees reach competency at various points in
training and that training guidelines underestimate the number
of ERCPs necessary to achieve competence [15, 18]. A recent
published review by Voiosu et al. [19] provides an overview of
the current studies concerning trainee competence in ERCP.
Importantly, most trainees do not reach predefined compe-
tence thresholds, supporting the idea that a more individua-
lized approach is necessary. The role of simulator-based train-
ing in ERCP has not been defined yet, but the essence of simu-
lation-based training is to provide trainees with opportunities
to understand the anatomy and to become familiar with both
the endoscope and accessories at their own pace without com-

promising patient safety. Simulation-based training creates a
unique and safe learning environment in which to teach trai-
nees the basic skills of ERCP and to provide the trainer with in-
sights into the learning curve of trainees with the opportunity
for timely intervention.

According to our study results, compared to on-the-job
learning, a 2-day hands-on course in a stress-free simulated
training environment has a positive impact on the subsequent
learning curve when performing real-life ERCP procedures with
a beneficial effect that lasts up to around 75 procedures. The
effect was demonstrated using successful CBD cannulation
rate as the outcome measure. CBD cannulation can be regarded
as a surrogate marker for procedural competence, as seen in a
previous study by Ekkelenkamp et al [15].

The effect of simulator-based training is observed immedi-
ately from the beginning of patient-based ERCP performance
when measuring successful cannulation in the first 10 proce-
dures with a successful cannulation rate of 64% in the SG com-
pared to 43% in the CG. Compared to the HC, the CG demon-
strates a steeper learning curve potentially indicating that
training options have improved over the last years. Our data
correspond with previous simulator training studies in endos-
copy, mostly in the field of training colonoscopy, demonstrat-
ing a significant benefit of simulator training in the early learn-
ing curve [9].

Limited data available for simulator training in ERCP concern
mainly the ERCP mechanical simulator (EMS Trainer) demon-
strating that trainees who underwent simulator-based training
achieved higher success rates with selective and deep cannula-
tion of the CBD compared to the CG in the first months of train-
ing [20, 21, 22]. A potentially valuable addition to the Boškoski-
Costamagna ERCP Trainer is the synthetic papilla, which can be
used to train sphincterotomy using commercially available
sphincterotomes and needle knives. The papilla has been vali-
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▶ Fig. 2 Moving average curve for successful CBD cannulation in patient-based ERCP.
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dated in a previous study by our study group [12], but was not
yet available for training during the study period.

Some limitations of our study need to be considered when
interpreting our results. The number of participating trainees
was limited. Results are representative for the trainees with no
or very little real-life ERCP exposure. It cannot be inferred how
these results translate to trainees with limited but more exten-
sive experience (e. g. 50–100 procedures). Dropout of partici-
pants who did not continue ERCP training, either due to insuffi-
cient training resources at their respective facilities or the fact
that there was a shift in priorities during their specialty training,
prohibit drawing conclusions beyond 75 procedures. This was
not a formal randomized controlled trial but a paired controlled
cohort study with inclusion of the participants of the interven-
tion group based on their specific interest in attending an ERCP
training course, which may have introduced selection bias. Al-
though the 2-day ERCP simulator training course was struc-
tured and equal for all participants, the real-life training at their
respective institutions was not and was left to the discretion of
the local team. To attempt to partially overcome potential bias
in this regard, a trainee from the same training center was in-
cluded.

We have included all the performed ERCPs by the trainees
regardless of indication or papilla status. By excluding all cases
with previous sphincterotomy, potential bias might be intro-
duced because these cases do add to the learning curve and
might not be equally distributed chronologically during the
training period. By including all cases regardless of indication
or papilla status, we tried to minimize bias in that regard.

Another fact that needs to be taken into account is that the
SG performed more ERCPs and also more complex ERCPs in
comparison to the CG. Although allocation to the SG or CG
group was done after participants had expressed their desire
to receive ERCP training, we cannot rule out potential bias that
the most motivated participants entered the simulator course.
Another explanation might also be that after a successful simu-
lator course, participants experienced a shorter learning curve
and were more prepared to overcome some of the difficulties
that ERCP brings.

This study, however, provides ample rationale that simulator
training for early-learning-phase trainees has a beneficial effect
and should be considered to have a formal role in ERCP training
curricula. Simulator training provides trainees with the oppor-
tunity to perform the procedure multiple times without risks
at their own pace before performing the procedure on a real pa-
tient. It may be inferred that apart from potentially decreasing
complication risks and patient discomfort, less time may be
spent per patient in the early phase of training, thereby increas-
ing procedural capacity. It is our belief that based on our re-
sults, further research is warranted to determine the optimal
duration and extent of simulator training, the optimal simula-
tor to be used, and finally, how such training should be imple-
mented in the training curricula.

Conclusions
In conclusion, we demonstrate a positive effect of simulator-
based training during a 2-day hands-on training course in the
early learning curve of ERCP trainees prior to patient-based
training. Simulator training should be considered an integral
part of the training curricula for ERCP.
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