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Introduction
!

In patients with Billroth II (B II) or Roux-en-Y re-
construction, cannulation of the papilla and suc-
cessful sphincterotomy are challenging due to an
altered anatomy [1–5]. Exposure to actual B II or
Roux-en-Y cases in training is very limited and
variable. This raises the demand for a competent
and convenient training simulator that allows
trainees to acquire the required skills and orienta-
tion before starting the application in real life
practice. Although a variety of simulators have
been developed for ERCP training purposes, none
of them has addressed cannulation and sphinc-
terotomy in the situation following B II or Roux-
en-Y reconstruction [6–12].
Herein, we present the description, introduction,
and first evaluation of a novel ERCP mechanical
simulator (EMS) with simulated fluoroscopy, de-
signed especially for ERCP training on cannulation
and sphincterotomy of the papilla in the setting of
B II or Roux-en-Y, using variable accessories and
endoscopes. To the best of our knowledge, this is
the first EMS described in the literature that is
dedicated to B II or Roux-en-Y training.

Material and methods
!

Description of the simulation system
The new simulator is a further, newly developed
component of a previously described ERCP train-
ing system [9]. The common features of the differ-
ent types of simulators currently available are the
chassis, the artificial biliopancreatic ducts that
can be observed through a window of the simula-
tor without the need for fluoroscopy, the duode-
num mounted on a carriage, and the mounting
elements for fixing the simulators onto the
endoscopy trolley (●" Fig.1). In contrast to the
ERCP simulators of the series resembling normal
anatomy [9], papillae of the B II/Roux-en-Y simu-
lator have a different orientation with the bile
duct system adapted to this orientation. The si-
mulator is custom-made, and was invented by
one of the authors (EF).
When the endoscope is introduced into the simu-
lator, after having passed the curved intubation
tube, it reaches the duodenum with the papilla.
Instruments introduced into and beyond the pa-
pilla become visible in the transparent bile duct
in the window of the simulator. For fixing the pa-
pilla, a sliding carriage is pulled downwith a lever
at the bottom of the simulator (●" Fig.2). Two
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Introduction: In patients with Billroth II (B II) or
Roux-en-Y anatomy, endoscopic retrograde cho-
langiopancreatography (ERCP) is demanding.
Here, we describe a novel simulator with simulat-
ed fluoroscopy for cannulation and sphincterot-
omy training in such situations.
Methods: A custom-made simulation system was
built based upon a common chassis of a series of
previously described ERCP simulators. The papilla
is made out of organic material and can be cut by
high frequency current. The advancement of
guidewires and other instruments within trans-
parent mock bile ducts can be viewed in the win-
dow of the simulator without the need for fluoro-

scopy. The ERCP B II/Roux-en-Y simulation system
was first evaluated during an ERCP course.
Results: There were no technical problems related
to the novel simulator during the course. After
sphincterotomy, the organic papillae could easily
be exchanged within a few seconds. Overall, the
novel B II/Roux-en-Y simulator achieved favorable
results by trainees and expert endoscopists in all
categories assessed.
Conclusions: The new B II/Roux-en-Y mechanical
simulator is simple and practicable. A first evalu-
ation during an ERCP course showed promising
results.
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types of papillae are available. One is made out of rubber and is
meant for initial intubation attempts, with catheters and guide-
wires, by B II/Roux-en-Y debutants (●" Fig.3). It cannot be cut by
high frequency (HF) current.
The papillae for sphincterotomy consist of a metal spring embed-
ded into the organic part of the papilla (●" Fig.4). Both the papilla
and the metal spring have a canal through which inserted instru-
ments can easily pass. The length of the channel inside the papilla

is 19mm; this includes a 6-mm spiral (inner diameter 2.5mm)
inserted into the papilla. The diameter of the distal channel of
the papilla without spiral is about 1mm and can be easily cannu-
lated due to the elasticity of the organic material. Placement of
small caliber stents is also possible before needle-knife papillot-
omy. The papillae are fixed by pressing the spiral into the groove
of the mount and can be easily removed again (●" Fig.5). The total
length of the organic part of the papilla is 19mm. The portion of
the papilla protruding into the duodenum is adjustable according
to the purpose of the training being given (●" Fig.6). A far pro-
truding papilla, e.g. 14mm, offers the trainee a large surface for
practicing needle-knife cuts. The length is adjusted by varying
the fixation point of the metal spring to the mount. The evolution
of the papillae, influenced by course experiences, has resulted in
them being easily intubated if done carefully. If approached inap-
propriately, not in line with its axis, the papilla is perforated,
which corresponds to unsuccessful cannulation attempts in a pa-
tient. If the introduced guidewire does not appear in the window
showing the bile duct, this indicates an inadequate technique.

Fig.1 B II/Roux-en-Y
simulator fixed on an
endoscopy trolley be-
low the monitor. In the
window of the simula-
tor a guidewire inserted
through the papilla is
visible.

Fig.2 B II/Roux-en-Y
simulator. The sliding
carriage, which is other-
wise not visible, is
pulled out for insertion
of the papilla. The duo-
denum is mounted
onto the carriage. In the
window, the transpar-
ent bile duct is visible.

Fig.3 Robust papilla
made of rubber. It is
meant for the initial
training of B II begin-
ners.

Fig.4 Organic papillas
ready for training. The
metal coil at its end
serves for fixing it to the
simulator.

Fig.6 The working length of the papilla, that is the portion protruding
into the duodenum, is adjustable according to the purpose of the training
given. The working length is adjusted by varying the fixation point of the
metal spring to the mount. On the left, a short portion of the papilla is
visible inside the duodenum. A far protruding papilla (right) allows the
trainee to practice a longer cut than in reality. This gives them a better op-
portunity to learn the handling of the sphincterotomes or needle knives in
combination with the application of HF current.

Fig.5 The papilla is inserted into the opening of the duodenum and fixed
to the mount by gently pressing its metal coil into the groove of the mount.
The metal coil serves for grounding the papilla via the mount connected to
a socket at the back. When the carriage is closed, the coil leads instruments
inserted into the papilla into the bile duct. This can be viewed in the win-
dow of the simulator.
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●" Video 1 shows intubation of the afferent loop and reaching the
papilla using both forward (CF-HQ 190I, Olympus Germany,
Hamburg, Germany) and side viewing endoscopes (TJF-160VR,
Olympus). Cannulation of the papilla is performed using an
ERCP cannula (Contour ERCP cannula, Boston Scientific, Natick,
MA, United States) and a guidewire (Jagwire, Boston Scientific).
Successful cannulation of the biliary system is confirmed through
the transparent window of the simulator. Exchange of the papilla
is easy and fast, as is controlling its length.
●" Video 2 shows cannulation of the organic papilla using a B II
sphincterotome (Billroth II Sphincterotome, COOK Ireland, Lim-
erick, Ireland) and a guidewire (Jagwire, Boston Scientific), fol-
lowed by cutting the papilla in the 5 o’clock direction using HF
current (VIO 300, Erbe Elektromedizin, Tübingen, Germany)
with the settings ENDO CUT I, effect 1, cutting duration 2, and
cutting interval 3.Another sphincterotomy is performed after
inserting a 5 Fr stent in the papilla, using a needle-knife
(Huibregtse® Triple Lumen Needle Knife, COOK Ireland) also in
the 5 o’clock direction with the above mentioned HF settings
(●" Fig.7).

Evaluation
Evaluation of the B II/Roux-en-Y simulator was prospectively
conducted on two levels (trainees and experts). The trainees’
evaluation was performed in March 2015, during an annual
ERCP training course at the II. Medizinische Klinik, Klinikum
rechts der Isar, Technische Universität München, Germany.
A total of 10 trainees with previous ERCP experience practiced on
the simulator for cannulation of the papilla and sphincterotomy.
The experts’ evaluation was collected from 11 ERCP experts with
previous Billroth II and Roux-en-Y experience who supervised
the training on this simulator during different training courses.
The experts evaluated the realism of the simulator in comparison
to real life ERCP in Billroth II and Roux-en-Y, as well as its utility
as a teaching modality. The trainees and the experts were asked

to complete an evaluation questionnaire about their experience
and assessment of the simulator. The questionnaires were adop-
ted from previously published studies and the following criteria
were scored using a seven-point Likert scale (1=poor, 7=excel-
lent) [9, 13,14].
Trainees’ questionnaire: (1) Practicing with this simulator im-
proved my specific skills, (2) I would like to continue exercising
with this simulator in my further training, (3) training with this
simulator reduces the risks for patients in my opinion, and (4) I
would recommend this simulator.
Experts’ questionnaire: Realism: (1) tissue pliability, (2) papillary
anatomy, (3) visual realism, (4) cannulation realism, (5) overall
simulation realism. Advantages for training: (6) usefulness in
teaching advanced ERCP, (7) ease of use, (8) utility as a training
modality, (9) ease of integration in a training program, and (10)
learning success of the trainees.
Primary outcomes were question 1 (“practicing with this simula-
tor improved my specific skills”) for the trainees’ questionnaire
and question 10 (“learning success of the trainees”) for the ex-
perts’ questionnaire. All other questions served as secondary out-
comes.
Written responses were collected anonymously from both trai-
ners and trainees following the simulator practice.

Results
!

During the course, the B II/Roux-en-Y simulator was successfully
used to perform the above mentioned procedures, without any
technical problems. Successful cannulation of the papilla and in-
sertion of instruments into the bile duct could be confirmedwith
direct visualization in the window of the simulator without the
need for fluoroscopy. Each participant had the chance to achieve
deep cannulation and to perform at least two Billroth II/Roux-en-
Y sphincterotomies before filling out the questionnaire.

Video 1

Intubation of the afferent loop and reaching the papilla using both forward
and side viewing endoscopes. Cannulation of the papilla is done using an
ERCP cannula and a guidewire. Successful cannulation of the biliary system
is confirmed through the transparent window of the simulator. Exchange of
the papilla, as well as controlling its length, is easy and fast. Finally, a set of
66 organic papillae is shown suitable for high frequency sphincterotomy and
prepared for a training course. Online content including video sequences
viewable at: http://dx.doi.org/10.1055/s-0042-111905

Video 2

Cannulation of the organic papilla using a B II sphincterotome and a guide-
wire, followed by cutting the papilla in the 5 o’clock direction using high
frequency current with the settings ENDO CUT I, effect 1, cutting duration
2, and cutting interval 3.Another sphincterotomy is performed after insert-
ing a 5 Fr stent into the papilla, using a needle-knife also in the 5 o’clock di-
rection with the above mentioned high frequency settings. Online content
including video sequences viewable at: http://dx.doi.org/10.1055/s-0042-
111905
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The trainees had a mean of 7 years of endoscopic experience
(range 2–15 years). Seven trainees had the experience of less
than 100 standard ERCPs, one had less than 200, one had less
than 1000 and another one had more than 1000 standard ERCPs.
The experts had a mean of 21 years of endoscopic experience
(range 6–31 years) with a mean of 136 cases of ERCP in B II or
Roux-en-Y reconstruction (range 30–800). The evaluation of the
B II/Roux-en-Y simulator by both trainees and experts is sum-
marized in●" Table1 and●" Table2. In detail, primary outcomes
reached mean scores of 5.8 (“skills improvement” as rated by
the trainees) and 6.8 (“learning success of the trainee” as rated
by the expert trainers) on a seven-point Likert scale. Overall, the
B II/Roux-en-Y simulator gathered favorable evaluation with re-
gard to all aspects of the questionnaire by both trainees and ex-
perts.

Discussion
!

ERCP after Billroth II or Roux-en-Y reconstruction is challenging
[15]. Having reached the papillary region with the endoscope,
one of the major difficulties is the ability to cannulate and cut
the endoscopically inversely oriented papilla [4]. Herein, we
present a novel ERCP mechanical simulator for cannulation and
sphincterotomy after Billroth II or Roux-en-Y reconstruction.
The simulator achieved favorable results in an initial evaluation
by experts and trainees.
ERCP is a demanding and potentially dangerous procedure.
Therefore, adequate training is mandatory before supervised
procedures in patients. Regarding sphincterotomy, we were able
to show that trainees particularly failed at atraumatic cannula-
tion, which was in part related to poor alignment of the catheter
with the axis of the bile duct for selective cannulation due to im-
proper rotation of the endoscope shaft. Other common mistakes
included scant use of lens flushing and insufficient view of the
roof of the papilla. Furthermore, prolonged localized application
of electrocautery without cutting, which can lead to thermally in-
duced edema causing pancreatic outflow obstruction, or its op-
posite, an abrupt poorly controlled incision, were noted among
novices [20]. The use of ERCP mechanical simulators has been
shown to improve the skills of the trainees in the form of higher
success rate and faster cannulation during the early training peri-
od as shown in a USmulticenter randomized controlled trial [16].
Moreover, an improvement in the quality of sphincterotomy was
observed with the use of training models [17]. Of importance, it
is essential that practice at an EMS is supervised by an experi-
enced endoscopist, since uncoached practices do not appear to
provide further benefit [21]. Furthermore, EMS practice has
been rated higher than practice with computer simulators in
supplementing clinical ERCP training, since the former allows co-
ordinated practice with real equipment and accessories [18].
Several ERCP mechanical simulators have been described. Never-
theless, most of them are limited to cannulation and sphincterot-
omy in the setting of normal anatomy. The capabilities of the
specific simulators are described in●" Table3.
Having reached the papilla with the endoscope, there are two
main problems in the B II or Roux-en-Y situation. The first is can-
nulation of the papilla. In this simulator, this can be achieved
with or without using a guidewire along with different accessor-
ies such as ERCP catheters or sphincterotomes. Both a side view-
ing duodenoscope or a forward viewing endoscope can be used.
Thanks to the integrated window in the front of the simulator,
correct deep cannulation can be verified by the appearance of

Table 1 Trainees’ evaluation (n =10) of the B II simulator.

Evaluation item Score

Skills improvement 5.8

Continue to use in training 5.7

Risk reduction for patients 6.2

Recommendation 6.4

Mean scores on a seven-point Likert scale (1, complete disagreement; 7 complete
agreement).

Table 2 Experts’ evaluation (n = 10) of the B II simulator.

Item Score

Realism

Tissue pliability 4.9

Anatomy 5.0

Visual realism 5.3

Cannulation realism 4.8

Overall realism 5.6

Advantages for training

Usefulness in teaching advanced ERCP 5.5

Ease of use 6.5

Utility as a training modality 6.8

Ease of integration 6.7

Learning success of the trainee 6.8

Mean scores on a seven-point Likert scale (1, complete disagreement; 7 complete
agreement).

Table 3 Capabilities of different ERCP mechanical simulation models.

Study first author,

year, and reference

Visualization of accessories

within the pancreatobiliary

system by means of

Orientation

of papillae

Sphincter-

otomy

possible

Biliary system with

side branches for se-

lective cannulation

Stricture

dilation

possible

Stone ex-

traction

possible

Stent

placement

possible

Leung 2007 [10] Video camera Regular Yes ND Yes ND Yes

Frimberger 2008 [9] Direct view of the ducts Various Yes Yes Yes Yes Yes

Grund 2012 [19] Fluoroscopy and sensors
within the ducts

Regular Yes Yes Yes Yes Yes

Katanuma 2014 [7] Direct view of the ducts Regular Yes Yes No No Yes

Schneider 2014 [6] N/A, no pancreatobiliary
system installed

Regular and
inverse

No, metal
papillae

N/A N/A N/A N/A

Actual EMS Direct view of the ducts Inverse Yes Yes Yes Yes Yes

EMS, ERCP mechanical simulator. N/A, not applicable. ND, not described.
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the instruments in the bile duct without the need for fluorosco-
py.
The second problem is sphincterotomy in the correct direction.
Here, the trainee can practice various sphincterotomy techniques
using all kinds of instruments such as standard sphincterotomes,
B II sphincterotomes, S-shaped sphincterotomes or performing a
needle-knife precut over an inserted stent. Cutting through the
organic papilla simulates the feeling of cutting a natural papilla.
In the initial evaluation, the Billroth II/Roux-en-Y simulator gath-
ered favorable feedback from ERCP trainees and experts with re-
gard to both the cannulation and sphincterotomy techniques. The
new B II/Roux-en-Y simulator received favorable scores from the
trainees in terms of risk reduction for patients and the majority
judged it as recommendable. In this pilot study, the simulator re-
ceived favorable scores from the experts for its ease of use, utility
as a training modality, and for its successful learning results on
the trainees justifying its further validation.
There are some limitations about the B II/Roux-en-Y model and
its initial evaluation. First, this simulator does not recreate or pro-
vide training in negotiating the scope through the afferent limb
to the papilla. As a consequence, endoscope control may also dif-
fer in the simulator in comparison to real life conditions. Further
developments might contain variations of the afferent limb to si-
mulate long passage through the afferent loop in Roux-en-Y re-
construction. On the other hand, all previously described EMS
exhibit limitations with regard to simulation of the endoscope
passage to the papilla to some extent. Second, the papillae exhibit
only one orifice for cannulation of the artificial bile ducts. Papil-
lae with two orifices for selective cannulation of the bile duct or
pancreatic duct are currently under development. Third, trainee
evaluation statements were worded in a positive fashion. This
could have led to an acquiescence bias, particularly in a training
environment. Moreover, the initial evaluation was done in a lim-
ited number of participants and construct validity still has to be
shown by investigating whether the new training system could
distinguish experienced endoscopists from beginners.
In conclusion, the new B II/Roux-en-Y mechanical simulator is
simple and practicable. A pilot evaluation during an ERCP course
showed promising results. Further studies are needed to show its
construct validity as well as its utility during structured training
programs.
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