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Gastrointestinal (Gl) endoscopy is the gold standard in the detection and treatment of early and advanced Gl cancers.
However, conventional endoscopic techniques are technically demanding and require visual-spatial skills and significant

hands-on experience. Gl endoscopy simulators represent a valid solution to allow doctors to practice in a pre-clinical scenario.

Gl endoscopy medical simulation medical education training gastroscopy colonoscopy

simulators

| 1. Introduction

Medical simulators are artificial platforms that offer the opportunity to train clinical procedures in a non-patient care
environment. The first endoscopic simulator is dated back to 1969 and was made up of a simple mannequin for
sigmoidoscopy training L. Over the following fifty years, the technology advancements led to the development of several
artificial platforms, targeting the training of a wide range of endoscopic procedures, including both the upper and the lower
gastrointestinal (Gl) tracts. Ranging from purely mechanical systems to more complex mechatronic devices and animal-based
models, nowadays, a variety of opportunities are available for practicing cognitive and motor skills in endoscopy. For this
reason, the American Society for Gastrointestinal Endoscopy (ASGE) has encouraged the use of simulators for Gl endoscopy

training (2,

Mastering endoluminal procedures requires a high level of visuomotor coordination, cognitive learning, and technical
capabilities acquired through hands-on experience. The standard training system includes the mentoring of the trainee by an
expert endoscopist. In this context, the novice progressively learns to manage a procedure by first assisting the expert
clinician and later directly practicing on the patient (2. However, this system implies several drawbacks. First, since endoscopy
usually involves only one operator at a time, the trainee practices the procedure independently, even if under the supervision
of mentors. This could increase the risks of causing discomfort or injuries on the patient, given the lack of experience of the
operator 4. Studies have shown an increased frequency of minor adverse events related to trainee procedures associated
with patient’s dissatisfaction 5. Moreover, in this context, if the novice encounters difficulties, the expert takes over the
procedure, depriving the trainee of learning the specific task. Finally, this learning model leads to an increase of the length of
the medical operation, negatively impacting on the costs and potentially prolonging the discomfort of the patient [41.

By contrast, simulators provide a risk-free solution for acquiring global competencies in medical practices at the trainee’s
pace. Accordingly, as opposed to standard mentored supervision, simulation-based training allows trainees to repeatedly
perform a specific set of skills without increasing the length of the clinical procedures and/or reducing the patient's comfort
and safety. Besides, these platforms could allow the standardization of the endoscopy related metrics and the assessment of
technical skills 48], This is particularly important for endoscopy since the outcome of the procedure is highly dependent on
the skills and the experience of the operator [J[8l. Hence, the introduction of simulators in training programs would lead to
evidence of the acquisition of the minimum competencies by the clinicians before operating on the patients B2, In this
context, the simulators would not only assess the minimum skills for trainees but could also serve to prove the maintenance of

those skills to always guarantee high-quality patient care.

In the last decades, various studies have estimated the minimum number of procedures needed to achieve competence in Gl

endoscopy. These values range from 100-300 for colonoscopy 2921 and around 200 for gastroscopy 2. In this context,
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simulation-based training could reduce this number, speeding up the learning curve of the trainee [,

| 2. Conventional/Standard simulators for training

Over the years, several types of simulators for Gl endoscopy training have been developed. Starting from the tests on animal
models, technological progress enabled the development of the current generation of advanced devices. In particular, the
training platforms for Gl endoscopy can be classified, according to the technology adopted, into i) physical simulators, ii)

computerized simulators, and iii) animal models. The last category can be further differentiated into in-vivo and ex-vivo cases.

2.1 Mechanical simulators

Mechanical simulators (i.e., physical simulators), reproduce anatomical organs using a combination of soft and hard materials
(e.g., silicone). In such cases, cavities inside the replicated phantoms allow the insertion of a standard endoscope, mimicking
the endoscopic procedure (See Figure 1). Consequently, the physical simulators aim at reproducing, with high fidelity, the
mechanical and visual properties of the Gl tract, focusing on an accurate selection of the appropriate materials, molds and
surface textures. Even having the intrinsic advantage of providing natural tactile feedback, unfortunately, each platform offers
only a limited set of training procedures, since each scenario needs to be physically reproduced. For this reason, the

mechanical simulators are only suitable for early-stage training of Gl endoscopy 13,
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Figure 1. Mechanical simulators for Gl endoscopy: main components.

2.2 Computerized simulators for Gl endoscopy

Considering what is accessible on the market, and besides mechanical simulators, another class of Gl endoscopy training
platforms are worth discussing. These devices, classified as computerized simulators (i.e., Virtual Reality simulators), are
mechatronic systems which combine standard endoscope handling, with virtual intraluminal scenarios. With that, it is possible
to simulate a wide variety of endoscopic procedures and interventions (e.g., gastroscopy, colonoscopy, polypectomy, bleeding
control, etc.). Thanks to these platforms, the movements of a physical endoscope are mapped in a virtual environment,
reproducing the endoluminal view with endoscopic images 14 (See Figure 2). Having a wide variety of simulated cases, in
addition to the opportunity of reproducing the same scenarios for all the trainees, is a great advantage for standardizing any
type of training. All the platforms provide objective measurements of the quality of the performance such as the patient's pain
level, the percentage of mucosa visualized, the time of the examination and the amount of air insufflated. This information
allows tracking the learning curve of the users, as well as customizing the benchmarks for the assessment of the capabilities

of individual trainees.

Figure 2. Computerized simulators for GI endoscopy: main components.
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2.3. Animal models

Animal models have been widely exploited for training in medical procedures. For endoscopic applications, the literature dates
the first ERCP simulation on a live canine model in 1974 231, Overall, both live animals and explanted organs have been used
for practicing in GI endoscopic procedures. However, high costs and ethical concerns related to the in-vivo cases, and the
logistic issues in collecting and storing ex-vivo specimens, limit their use. As a matter of fact, animals are mainly adopted for

advanced training in therapeutic procedures, and for reproducing complex techniques such as hemostasis L8[L7 EUS [L8][19]
201[21] ERCP [221123] and ESD [24112511261271(28],
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