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Early simulator training improved technical performance in native biliary cannulation and accelerated overall ERCP learning

Learning ERCP with the Boškoski–Costamagna simulator: 
an evaluation of its predictive validity

Early simulator-based training 
vs. 

Traditional training (control)

16 novice ERCP trainees

Minimum 60 ERCPs per 
trainee in up to 1 year
Total 1106 ERCPs

Multicenter RCT: Simulator-based training:
• ⇧ Success of biliary cannulation
• Faster biliary cannulation
• Faster evolution in:
• overall performance
• native biliary cannulation
• sphincterotomy

• No difference in adverse events

ERCP, endoscopic retrograde cholangiopancreatography; 
RCT, randomized controlled trial

Learning curve for biliary cannulation
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Introduction
Traditional endoscopy teaching typically follows an apprentice-
ship model in the endoscopy unit, with trainees undergoing su-
pervised hands-on training on patients. However, the pro-
longed learning curve to reach competency poses challenges
for both endoscopists and patients, potentially increasing risks
for the latter. To address this, various gastrointestinal (GI)
endoscopy simulators [1, 2] have been developed to accelerate
the learning curve [3, 4, 5]. Simulator-based education aims to
enhance training efficiency and effectiveness by providing a
dedicated learning environment where trainees can acquire
skills at their own pace, without increasing procedural times
and risks.

Endoscopic retrograde cholangiopancreatography (ERCP) is
among the most challenging endoscopic procedures, requiring
a long learning curve to achieve competence [6, 7]. Simulator-
based training appears well suited for ERCP, with several models
developed [1, 2, 8, 9] and suggested by the European Society of
Gastrointestinal Endoscopy (ESGE) guidelines [10]. The Boškos-
ki–Costamagna ERCP Trainer (BCT) [11, 12] offers a mechanical
simulator with a simulated patient, featuring portability, varied
patient positions, and realistic papillary anatomy. Unlike biolo-
gical models, the simulator avoids ethical concerns and addi-
tional material costs. This simulator has demonstrated good

face and construct validity, and has been endorsed by ERCP ex-
perts [13]. The next validation step is to assess the simulator’s
ability to transfer skills to trainees (i. e. its predictive validity)
[14].

This study hypothesized that early ERCP simulator-based
training with the BCT can enhance clinical performance in no-
vice ERCP trainees. This prospective multicenter randomized
controlled trial (RCT) aimed to analyze the impact of ERCP si-
mulation training on the basic skills of novice ERCP trainees by
assessing its additional benefit compared with standard train-
ing in terms of achieving technical competence.

Methods
Study design and participants

This first prospective multicenter exploratory parallel-arm RCT
involved gastroenterology trainees without prior ERCP experi-
ence, who had completed basic endoscopy training (at least
300 gastroscopies and meeting the ESGE quality measure for
upper GI endoscopy [15]), had participated in fewer than 30
ERCPs (with no hands-on experience), and were prepared to
start advanced endoscopy training in recognized high volume
ERCP centers. Informed consent was obtained from all partici-
pants.
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ABSTRACT

Background Achieving competence in endoscopic retro-

grade cholangiopancreatography (ERCP) requires extensive

training. Recognizing the potential of simulator-based edu-

cation for safe and effective skill development, we aimed to

assess whether initial training with the Boškoski–Costamag-

na ERCP Trainer (BCT) is beneficial compared with conven-

tional training alone (i. e. predictive validity).

Methods A prospective multicenter randomized trial

involving 16 novice ERCP trainees, randomly assigned to

intervention or control groups, was performed. Both under-

went hands-on training, with the intervention group receiv-

ing additional simulation training during the first 3 months.

Each trainee was required to complete a minimum of 60

ERCPs in up to 1 year. The TEESAT score evaluated rates of

global overall competence (primary outcome), biliary can-

nulation, and adverse events (AEs; secondary outcomes).

Mixed-effect logistic regression models assessed differen-

ces in between-group ERCP procedure competence and

success. Learning curves were generated cumulatively over

the training period.

Results 1106 ERCPs (562 simulator group; 544 control

group) were included. Although no statistically significant

difference in global overall competence was observed be-

tween the groups, possibly owing to data heterogeneity, si-

mulation training demonstrated higher success for native

biliary cannulation (52% vs. 42%; P<0.001) and faster medi-

an (interquartile range) biliary cannulation times (3 [6] vs. 5

[8] minutes; P<0.001). The simulator group also showed

faster improvements in overall performance, native biliary

cannulation, and sphincterotomy. No statistical difference

was found in overall AEs between the groups.

Conclusion Early simulation training with the BCT im-

proved technical competence in native biliary cannulation

and accelerated overall ERCP learning. This approach has

the potential to enhance ERCP training programs.

Supplementary Material

Supplementary Material is available at

https://doi.org/10.1055/a-2443-6582
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The study protocol adhered to the Helsinki Declaration and
Good Clinical Practice guidelines. It was approved by the Ethics
Committee at the coordinating Institution (N2022/034, Erasme
Hôpital, Brussels, Belgium) and at each participating unit, as
per local regulations. All patients provided informed consent
before ERCP, with data collection compliant with anonymity
and General Data Protection Regulations. No intervention to
patient care was made, and all patients received the exact
same routine care, regardless of the current study.

Participants were randomly assigned to the intervention or
control groups in a 1:1 ratio, stratified by study site to avoid
site-specific bias. Both trial arms had equal numbers of partici-
pants, and trainees were equally distributed between the inter-
vention and control groups in centers with two participants.

The study was designed to last a duration of 1 year, involving
at least 60 procedures per trainee. Trainee performance was
systematically evaluated for each ERCP with any degree of trai-
nee involvement. If a trainee completed 60 ERCPs before the
end of the study, further participation was encouraged, but
not required. ▶Fig. 1 summarizes the study protocol [16].

Training protocol
All participants completed a basic theoretical ERCP course be-
fore beginning the study. The course included video presenta-
tions covering fundamental aspects of ERCP, such as biliary can-
nulation, sphincterotomy, stone extraction, and stent place-
ment, ensuring all trainees had the necessary foundation
knowledge, regardless of their study group.

Both groups underwent traditional hands-on clinical ERCP
training at their respective institutions, supervised by expert

endoscopists and following established educational practices.
Trainees in the simulator group received additional structured
simulator-based training sessions using the BCT ▶Fig. 2a) [11,
12]. The BCT included a recently validated biological papilla

▶ Fig. 2 Photographs showing: a the Boškoski–Costamagna ERCP
Trainer with a specific papilla; b the biological papilla made out of
chicken heart tissue; c simulated sphincterotomy being performed;
d simulated cannulation.

“Novice” ERCP trainees (n = 16)

Randomozation (1:1)

After each trainee had participated in at least 60 ERCPs
in up to one year, the data were pooled and analyzed

Study period Simulation training group (n = 8) Control group (n = 8)

1st month Simulation training1 + hands-on-training2 Hands-on-training2

2nd month Simulation training + hands-on-training Hands-on-training

3rd month Simulation training + hands-on-training Hands-on-training

Up to 1 year Hands-on-training Hands-on-training

▶ Fig. 1 Study flowchart for training in endoscopic retrograde cholangiopancreatography (ERCP) with or without use of the Boškoski–Costa-
magna ERCP Trainer (BCT), according to the Consolidated Standards of Reporting Trials (CONSORT) guidelines [16].
1 Simulation training consisted of a 2-day intensive course held monthly during the first 3 months of training.
2 During hands-on training, the trainee’s performance was systematically evaluated in all ERCPs with any degree of hands-on involvement
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made of chicken heart tissue for sphincterotomy training
(▶Fig. 2b–d) [17].

Simulation training occurred over 2 full days, supervised by
senior ERCP trainers at Fondazione Policlinico Gemelli, Rome,
with monthly sessions in the first 3 months. This structured
program gradually covered different ERCP aspects: scope hand-
ling, positioning, cannulation, sphincterotomy, stone removal,
and stent placement. The training protocol was developed by a
team of ERCP experts with extensive experience in ERCP train-
ing.

Performance evaluation

Trainee performance was assessed after each procedure using
the ERCP TEESAT score [6], which is endorsed by the ESGE [10]
and American Society for Gastrointestinal Endoscopy (ASGE)
[7]. The ERCP TEESAT questionnaire evaluates basic maneuvers,
and technical and cognitive aspects of ERCP with a four-level
supervision scoring system. A score of 1 or 2 is defined as suc-
cess, while a score of 3 or 4 is considered a failure. In the global
overall assessment (GOA), a score of 3 or 4 indicates compe-
tence, while 1 or 2 indicates noncompetence. This dichotomi-
zation into competent/noncompetent and success/failure was
defined in the TEESAT score validation study [6].

Successful biliary cannulation was defined as deep guidewire
placement into the common bile duct (CBD), with contrast vi-
sualization. The cannulation time was measured from the first
attempt to successful cannulation, and total procedural time
from initial scope insertion to final scope withdrawal. The trai-
ner or nurse monitored the time taken for each step. Adverse
events (AEs), defined on the basis of the ESGE guideline [18],
were assessed up to 72 hours post-procedure by the trainer.

Study data were collected and managed using REDCap elec-
tronic data capture tools, hosted at Erasme Hôpital, Brussels
[19, 20]. REDCap (Research Electronic Data Capture) is a se-
cure, web-based software platform designed to support data
capture for research studies, providing: (i) an intuitive interface
for validated data capture; (ii) audit trails for tracking data
manipulation and export procedures; (iii) automated export
procedures for seamless data downloads to common statistical
packages; and (iv) procedures for data integration and intero-
perability with external sources.

Study outcome measures

The primary outcome was the overall trainee competence rate,
measured by the GOA in the ERCP TEESAT score. Secondary out-
comes included biliary cannulation performance and AE rates.

Statistical analysis

Based on the literature [21], a power analysis for logistic regres-
sion was conducted using α=0.05 and a power of 80%, and
assuming a 15% difference in GOA between the groups. With
an assumed intraclass correlation of 3%, 60 procedures per trai-
nee, and 16 trainees (8 per group) were required.

Trainee characteristics are presented as medians and inter-
quartile ranges (IQRs) for continuous variables, and as counts
and percentages for categorical variables.

Primary and secondary analyses

Mixed-effect logistic regression univariate models were used to
assess differences in ERCP procedure competence and success
between the groups. Each trainee was treated as a random ef-
fect to account for the grouping factor.

To assess the learning progress of trainees in each group,
learning curves were graphically designed, based on the accu-
mulation of competence and success in each group from proce-
dure 1 to 60.Additionally, the probabilities of observing a posi-
tive outcome (e. g. competence in the GOA, or success in biliary
cannulation or stent placement) in the control and intervention
groups were inferred based on mixed-effect logistic regression
models. These predictive probabilities and their 95%CIs were
generated for each outcome, focusing on the initial 60 proce-
dures for each trainee.

Supplementary analysis

An analysis of potential confounding factors was conducted as a
supplementary analysis, to evaluate their influence on the ob-
served differences in success and failure between the groups
(Appendix 1s, see online-only Supplementary Material).

Multiple testing was accounted by using the Sidak method
and the statistical threshold was set to 0.007.

Results
Baseline trainee characteristics

Sixteen trainees (eight in each group) were included, and their
characteristics are detailed in ▶Table1.

Primary outcome: ERCP overall performance

Of the 1174 registered ERCPs, 1106 were included (562 simula-
tor group; 544 control group); 68 were excluded owing to un-
assessed GOA (46 for ductal cannulation not achieved, 17 for
no trainee participation, and five for major papilla not
reached/identified). We recorded a median of 79 procedures
per trainee (range 17–106) in the simulator group and 75.5
procedures (range 41–85) in the control group.One trainee
from each group did not achieve the 60 ERCP threshold during
the 1-year study period.

▶Table2 shows ERCP performance (complete analysis is
shown in Table 1s, see online-only Supplementary Material).
There was no significant difference in GOA between the two
groups (odds ratio [OR] 1.47, 95%CI 0.0–692.0; P=0.90). Nota-
bly, high heterogeneity was observed for GOA within both the
simulator group, with overall competence varying between
13% and 88% (IQR 36.5%, variance 698.2), and the control
group (IQR 12.6%, variance 575.7).

Secondary outcomes

Statistical differences were noted between the groups in terms
of native biliary cannulation (simulator group 52% vs. control
group 42%; P<0.001) and faster biliary cannulation in the simu-
lator group (3 [6] vs. 5 [8] minutes; P<0.001) (▶Table 2). The
simulator group had a longer total procedure time. No differ-
ence was found in the grade of difficulty (OR 0.65, 95%CI 0.0–
764; P=0.90).
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Overall AE rates were not significantly different between the
groups (OR 1.08, 95%CI 0.0–8325.2; P=0.99).

Effect of simulation training on key outcomes

Based on mixed-effect logistic regression models, probabilities
for positive outcomes (e. g. competence in GOA or successful
biliary cannulation) were inferred by study group.Mixed-effect
models predicted probabilities for the first 60 procedures; how-
ever, one simulator group trainee performed only 17 proce-
dures, and one control group trainee performed 41 procedures,
which were included as observations in the analyses. The re-
sults showed the following probabilities for the simulator group
vs. the control group, respectively: competent procedures by
GOA rate, 38% (95%CI 17%–59%) vs. 18% (95%CI 6%–39%); suc-
cessful native biliary cannulations, 46% (95%CI 32%–60%) vs.
37% (95%CI 20%–51%); successful biliary sphincterotomies,
67% (95%CI 42%–82%) vs. 42% (95%CI 20%–67%); successful
stone removals, 79% (95%CI 61%–90%) vs. 76% (95%CI 58%–
88%); successful stent placements, 69% (95%CI 52%–82%) vs.
58% (95%CI 41%–74%).

▶Fig. 3 presents learning curves depicting the progression
within the simulator group (red lines) and the control group
(blue lines). As shown, simulator group trainees learned faster
for native biliary cannulation and sphincterotomy, achieving
faster overall ERCP competence.

Supplementary analysis

No confounding factors were identified for any of the main out-
comes. Details of this analysis can be found in Appendix 2s and
Table2s.

Discussion
This RCT is the first multicenter prospective trial to assess the
impact of simulator-based training using the BCT on novice
ERCP trainees starting their advanced endoscopy training. Re-
sults revealed an increase in technical performance based on
the TEESAT score, particularly for biliary cannulation in native

papilla cases (52% competence vs. 42%). Furthermore, simula-
tor group trainees demonstrated faster acquisition of key tech-
nical skills such as biliary cannulation and sphincterotomy, as
shown by learning curves, although cumulative differences be-
tween the groups did not attain statistical significance. These
findings highlight the potential of simulator-based training to
fast-track ERCP learning, a critical consideration given the pro-
cedure's inherent complexity [6, 7].

The primary outcome measure was the GOA of trainee com-
petence as assessed by the TEESAT score. The simulator group
had a higher percentage of competent procedures (49% vs.
33%), although the difference was not statistically significant.
This lack of significance may be attributed, in part, to the sub-
jective nature of GOA. The BCT enables learning of all of the
steps of an ERCP procedure, and the GOA was chosen for its
comprehensive evaluation of trainees’ performance and robust
validity evidence [22]. Nevertheless, we acknowledge the in-
herent subjectivity of a GOA, which could only be mitigated if
a single trainer assessed all of the trainees in all of the ERCPs,
which is impractical. The lack of statistical difference might be
also attributed to the substantial heterogeneity in the hierarch-
ical structure of the study. In this approach, groups were asses-
sed based on procedure outcomes, yet each group comprised a
diverse set of trainees with heterogeneous performances, pos-
ing a challenge when drawing robust conclusions from statisti-
cal assessments. This result suggests that our model was not
able to estimate the true effect on the GOA, likely owing to het-
erogeneity, the small sample size. The wide confidence interval
does not indicate the absence of a difference, but rather high-
lights the limitations of the dataset.

The success rate of biliary cannulation, a secondary out-
come, revealed a statistically significant difference favoring si-
mulation training, particularly in cases with a native papilla. Dif-
ferences solely in native papilla cases may be attributed to the
inherent simplicity of non-native papilla cases. Combining both
dilutes the impact of simulation training, as non-native papilla
cases were more numerous and easier to cannulate. Native bili-
ary cannulation, a relatively objective parameter (even consid-

▶ Table 1 Baseline characteristics of the 16 trainees who were randomly assigned to the simulator and control groups.

Baseline trainee characteristics Simulator group (n =8) Control group (n =8) Total

Sex, male, n (%) 5 (63%) 5 (63%) 10 (63%)

Age, median (IQR), years 30.5 (3.5) 32.5 (4.5) 31.5 (4)

Number of nationalities 4 4 4

Number of departments 8 8 10

Medical career stage

▪ Gastroenterology fellow in training 8 (100%) 7 (88%) 15 (94%)

▪ Gastroenterologist 0 1 (13%) 1 (6.3%)

Gastrointestinal endoscopy experience, median (IQR), years 2 (2) 2 (1.5) 2 (2)

Previous experience in other advanced endoscopy procedures, n (%) 2 (25%) 3 (38%) 5 (31%)

IQR, interquartile range.

234 Teles de Campos Sara et al. Fast-tracking ERCP learning… Endoscopy 2025; 57: 230–239 | © 2024. Thieme. All rights reserved.

Original article

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

it 
Le

id
en

 / 
LU

M
C

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



ering occasional trainer input) compared with the GOA, was ex-
tensively practiced during simulation training courses. It stands
out as a critical step in ERCP, a performance measure recog-
nized by the ESGE [23]. Arguably the most challenging step in
ERCP, native biliary cannulation is considered a key metric for
assessing ERCP competence in the current literature [24].

The time required to complete each step of the procedure
serves as a performance indicator. The overall biliary cannula-
tion time was lower in the simulator group, indicating a small
but positive impact of simulation training on technical skills.
The lack of statistical significance in native papilla cannulation
may be attributed to the smaller sample size, in comparison
with the overall number of biliary cases.

AE rates did not differ significantly between the groups, con-
sistent with other simulator-based training studies and large
cohort studies of real-life training [25, 26]. This is expected
because novice endoscopists were constantly supervised by
experienced ERCP performers. The apprenticeship model has
proven, for the most part at least, to be safe and reliable [27],
and so no differences were anticipated. Furthermore, to avoid
the “training center” being a potential confounding factor, trai-
nees were paired by study site and, for all departments with
two trainees, they were allocated to opposite study groups.
The similarity in AE rates between the groups highlights the
fact that training settings provided an equally high standard of
practice for all trainees, although the study was not specifically
powered to detect potential differences in AEs.

▶ Table 2 Comparison of endoscopic retrograde cholangiopancreatography (ERCP) outcomes between the two groups.

ERCP outcomes Simulator group

(n =562)

Control group

(n =544)

Total

(n =1106)

OR (95%CI) P value

Global overall assessment (GOA), n (%) 1.47 (0–692) 0.90

▪ Competent (TEESAT score 3–4) 274 (49%) 173 (32%) 447 (40%)

▪ Noncompetent (TEESAT score 1–2) 288 (51%) 371 (68%) 659 (60%)

Biliary cannulation achieved, n (%) 1.11 (0–334) 0.97

▪ Success1 358 (71%) 327 (65%) 685 (68%)

▪ Failure2 149 (29%) 176 (35%) 325 (32%)

Native biliary cannulation achieved, n (%) 1.05 (1.0–1.1) <0.001

▪ Success1 115 (52%) 96 (42%) 211 (47%)

▪ Failure2 105 (48%) 132 (58%) 237 (53%)

Time for overall biliary cannulation, median
(IQR), minutes

3 (6.0) 5 (8.0) 4.0 (6.0) 0.99 (0.98–0.99) <0.001

Time for native biliary cannulation, median
(IQR), minutes

6.0 (7.0) 8.0 (6.3) 7.0 (7.0) 0.99 (0.98–1.00) 0.20

Biliary sphincterotomy, n (%) 1.63 (0–803) 0.88

▪ Success1 111 (66%) 91 (60%) 202 (62%)

▪ Failure2 54 (26%) 65 (33%) 119 (37%)

Stone removal, n (%) 1.00 (0–425) >0.99

▪ Success1 178 (86%) 158 (81%) 336 (84%)

▪ Failure2 29 (14%) 37 (19%) 66 (16%)

Stent placement, n (%) NV 0.99

▪ Success1 172 (70%) 157 (69%) 329 (69%)

▪ Failure2 73 (30%) 72 (31%) 145 (31%)

Overall adverse events, n (%) 1.08 (0–8325) 0.99

▪ No 501 (89%) 491 (90%) 992 (90%)

▪ Yes 61 (11%) 53 (9.7%) 114 (10%)

Total procedure time, median (IQR), minutes 30 (23) 28 (28) 30.0 (27) 1.01 (1.01–1.02) <0.001

GOA, global overall assessment; IQR, interquartile range; NV, not valid, model failed to converge; OR, odds ratio.
1 According to TEESAT (score 1–2).
2 According to TEESAT (score 3–4).

Teles de Campos Sara et al. Fast-tracking ERCP learning… Endoscopy 2025; 57: 230–239 | © 2024. Thieme. All rights reserved. 235

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

it 
Le

id
en

 / 
LU

M
C

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



A small, but statistically significant, longer total procedure
time was observed in the simulator group compared with the
control group. This may be because trainers were more inclined
to allow additional time for competent trainees to complete the

procedure before intervening, indicating an increased “percep-
tion of competence.”

Analysis of the plotted learning curves, further supported by
predicted probabilities in the first 60 procedures using mixed-
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effect models, showed that trainees receiving simulator-based
training accumulated successful procedures at a higher rate in
terms of GOA, native biliary canulation, and biliary sphincterot-
omy compared with the control group trainees. This further
reinforces the positive effect of ERCP simulator-based training,
similarly to studies that have evaluated the ERCP Mechanical Si-
mulator [21, 25]. The difference in terms of learning biliary
sphincterotomy can be attributed to the recent BCT modifica-
tion with a biological papilla, providing a more realistic training
experience [17]. This holds particular significance, given that
sphincterotomy is a high risk ERCP component associated with
AEs, like perforation, pancreatitis, and bleeding [18]. Differen-
ces in the learning curves for stent placement and stone remov-
al were minor or negligible after a certain number of proce-
dures, suggesting a limited additional benefit of simulation
training for these steps beyond a particular point.

The study's limitations should be acknowledged. First, de-
spite all efforts, two trainees (one per group) were unable to
complete the target of 60 procedures. The lack of statistical sig-
nificance in GOA differences may be attributed to data hetero-
geneity and insufficient sample size to drive robust conclu-
sions. High performing trainees in either group may have dis-
proportionately influenced the overall results. Future research
should focus on personalized training programs, targeting
specific trainee weaknesses. Differences in the rates at which
procedures were performed across various training centers, po-
tentially impacting distinct opportunities, and learning paces,
along with diverse evaluators and the subjective nature of
GOA measurement, might have contributed to statistical het-
erogeneity. This variability underscores the challenges in de-
tecting statistically significant differences with a small sample
size, suggesting that a more homogeneous study group could
have yielded different results. From a statistical perspective,
this limitation could have been mitigated by increasing the
number of trainees in each group; however, in practice, achiev-
ing this is challenging owing to the logistical constraints of or-
ganizing simulation courses. To minimize this limitation, we
employed a mixed-effects logistics regression model, which is
more robust than straightforward statistical analyses.

Second, it was also not possible to perform formal compari-
sons between specific AEs because of statistical restrictions
related to multiple comparisons, which limit the number of
comparisons performed to avoid increasing the risk of type I
errors. Another limitation is that, while an ideal scenario would
involve a blinded study for trainer evaluations, this was not fea-
sible owing to the protocol of the simulation-training courses
and the involvement of multiple training centers and trainers.
To overcome this limitation, we used a validated competence
tool, which was fully explained and discussed with the trainers
prior to the start of the study to standardize the evaluation of
the trainees’ performance. This TEESAT score, despite having
GOA as a potentially subjective parameter, includes a long list
of measures that are objective and independent of the trainers’
opinion or potential preferences for the trainees in the study
group (e. g. rate of successful of biliary cannulation or time for
biliary cannulation).

Additionally, it would be helpful to investigate the long-term
effects of simulator-based training, determining whether the
initial competence gain translates into sustained clinical profi-
ciency and improved patient outcomes over extended periods
of time, even beyond the formative period.

Nevertheless, and as previously noted [24, 28], trainees of-
ten face difficulties in meeting the procedure volume require-
ments during ERCP training. In our study, 12.5% of trainees did
not achieve 60 ERCPs within 1 year, requiring an amendment to
the initial study timeline and protocol to ensure that the study
objectives remained achievable. The low trainee exposure to
hands-on training observed in our study reinforces the need
for simulator-based training. The last limitation concerns the
optimal methodology of simulation training, which remains un-
determined, presenting an avenue for future research.

Few studies have validated simulation training for ERCP [29],
with research focusing on the ERCP Mechanical Simulator [21,
25, 30]. These studies demonstrate improvements in cannula-
tion rates [21, 25, 30], reduced cannulation times [21, 25], and
enhanced overall performance [25, 30] in the intervention
group.Our study is the largest validation study of an ERCP si-
mulator to date, with significant implications for gastroenterol-
ogy training. Integration of simulator-based training in ERCP
could reduce the time required for trainees to become compe-
tent, enhancing patient safety and optimizing training resour-
ces.

In conclusion, this exploratory multicenter RCT suggests
that simulator-based training can be a valuable addition to tra-
ditional hands-on clinical training for ERCP. Although it was not
shown to significantly improve global overall competence, pos-
sibly owing to data heterogeneity, simulation training acceler-
ated the acquisition of critical skills and improved technical
trainee competence, without affecting AE rates. Specifically, it
enhanced the performance of biliary cannulation, particularly
in native papilla cases, reduced biliary cannulation time, and ac-
celerated the learning curve for overall competence, biliary
cannulation, and biliary sphincterotomy.
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