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Introduction 

1. The importance of surgical training  

Minimally invasive surgery represented a significant milestone in modern surgery (1). 

Continuous innovation and the introduction of new technologies pose new challenges in 

terms of surgical learning curves (2). The introduction of new surgical procedures and 

tools is associated with an increased surgical complexity and with a higher risk of 

complications (3,4). For this reason, surgeons are aware of the beneficial effects of 

“learning before doing” and the importance of safely implementing new surgical 

procedures to obtain better patient outcomes (3).  

Technical skills are only one component of surgical practice, which also requires 

theoretical knowledge, risk assessment, decision-making processes, communication, 

teamwork, cost analysis, and management (3,5). This set of knowledge and its 

application within an ethical context define the skills necessary for the training of 

doctors graduating from medical school, as well as for the training of experts.  

Technologies advancement allowed a in surgical field allowed a major advance in the 

20th century, making possible the minimally invasive access to the intrabdominal cavity 

(6). 

The first laparoscopy was performed on a dog by the German surgeon Georg Kelling in 

1901. The Doctor Hans Christian Jacobaeus performed the first laparoscopic surgery in 

1911 in humans. The first laparoscopic cholecystectomy was performed in 1989 by Dr. 
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Philippe Mouret, in Lyon, France, definitively opening the era of minimally invasive 

surgery (6). However, the emergence of minimally invasive surgery has led to an 

increase in the number of iatrogenic bile duct injuries, as many surgeons around the 

world have changed from the open surgery paradigm to these procedures without any 

prior training (7,8).  

The value of minimally invasive access and the consequent reduction of surgical trauma 

has become increasingly important in surgery, allowing the technological development 

and use of lenses and cameras (7).  

Advances in surgery included endoscopic procedures through natural orifices or 

artificial openings combined or not with a robotic platform that offers the same surgery 

in a minimally invasive manner (9,10). In the mid-1990s, advances in the field of optics 

fibers and image transmission enabled the development of gastrointestinal endoscopy 

(11).  

This technological evolution led to the development of devices that expanded the 

possibilities of the technique, which changed from a diagnostic to a therapeutic 

procedure.  

The first tool used by surgeons for training and skill acquisition in laparoscopic surgery 

was an inanimate model in the form of a black box. After intensive training, surgeons 

were able to improve the skills needed for video-assisted laparoscopic procedures 

(12,13). However, the main shortcoming of this simple simulator was the limited space 
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to objectively assess student performance. In the last two decades, surgical education 

has undergone profound transformations due to the revolution caused by minimally 

invasive surgery and endoscopy (14,15).  

In the era of minimally invasive procedures, psychomotor skills must not and cannot be 

trained directly on the patient but must rather be acquired by surgical simulation using 

organic, inorganic or virtual models, which precede the phase of surgical field training 

in humans (8,16).  

Anatomical knowledge, sensory perception and manual skills of the surgeon are factors 

frequently associated with conventional surgery. Thus, advancement of the classical 

approach is surgeon dependent. On the other hand, minimal invasive surgery is 

technology dependent. Adequate theoretical-practical training is essential to perform the 

procedure safely, and training surgeons before treating patients is important to improve 

outcomes(13,17). For the development of psychomotor skills, one of the most 

appropriate training techniques is based on the theory of Fitts and Posner, which 

proposes three learning stages: cognition (when the skill is learned), integration (when 

performance approaches the skill), and automation (when the skill has become fully 

automatic and can be performed without thinking too much about the task) (17).  

In this contest, training centers and virtual reality simulation are considered of 

paramount importance to train surgeons before operations in humans.  
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The following study was performed in two training and research centers of paramount 

importance in surgery: IRCAD ( Institute of Research Against Digestive Cancer ) and 

IHU (Institute of Image-Guided Surgery), both located in Strasbourg, France. 

 

2 IRCAD – Institute of Research Against Digestive Cancer 

 

2.1 The history 

 

The Institute of Research Against Digestive Cancer (IRCAD) was funded in 1994 by 

Prof. Jascques Marescaux. In 1992, surgery was faced with inevitable changes, moving 

from the industrial era to the computer era.  

This private, non-profit research institute was imagined and developed by practitioners 

who saw that the future of surgery lay in the combination of their techniques and the 

growing prowess of medical imaging, computer science and digital technologies. Over 

the years, IRCAD has become part of the history of surgery. Notably thanks to several 

innovative operations, such as Operation Lindbergh, the first robot-assisted operation 

between New York and Strasbourg in 2001, or Anubis, the first scarless transvaginal 

operation in 2007. 

IRCAD’s concept acquired an international reputation as a research and teaching 

institute in the field of surgery and innovation. Today, no other French institute is as 
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present as IRCAD throughout the world: Taiwan, Brazil, Lebanon, Rwanda, China and 

the United States. Its success has led to the creation of mirror centers all over the world, 

with the same structure as the original institute located in Strasbourg, France. The 

objective is to allow surgeons from all over the world to benefit from the best training in 

minimally invasive surgery, under the guidance of an international Faculty of experts 

supervised by IRCAD France. These international training centers are the result of a 

close collaboration with hospitals, universities, and governments. 

 

Figure 1: IRCAD in the world.  

 

2.2 Surgical courses  
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Every year, for the benefit of patients, IRCAD trains thousands of surgeons from all 

over the world with the best experts in the most advanced techniques in minimally 

invasive surgery, 

In addition to laparoscopic training, IRCAD is also a training center for robotic surgery. 

In parallel to its training activity, the impressive number of scientific publications, 

which is close to 5000 since the creation of the Institute, testifies to a cutting-edge 

research activity in the surgical field. 

 

Figure 2: IRCAD Course 

 

The strength of the teams lies in their diversity and cooperation: engineers, researchers 

and fellows work hand in hand in the service of the patient. 

By combining expertise in minimally invasive surgery, robotics and medical imaging, 

IRCAD has become an important center in these specialties in less than thirty years. 
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IRCAD training courses are conducted under the supervision of the world’s leading 

experts with a network of nearly 800 international experts. 

 

Figure 3: IRCAD da Vinci robotics platforms 

 

Three auditoriums, equipped with the latest image definition technologies (full HD, 4K 

and 3D), allow participants to watch surgical procedures, broadcasted in real time from 

the operating rooms of IRCAD’s partner hospitals around the world. Everything is done 

to promote learning and interactivity with the experts present on site. From theory to 

practice, the surgeons then move on to the experimental operating room equipped with 

the latest technology and set up to accommodate up to 40 participants. They then 

practice on live tissue or anatomical specimens, always under the watchful eye of 
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experts. No other center allows such immersion, since participants operate under the 

conditions of a real operating room.  

 

2.3 IRCAD for research 

IRCAD is a research center mostly dedicated to innovation in the field of artificial 

intelligence, imaging analysis and to the development of new technologies in the field 

of minimally invasive surgery.  

A dedicate “Surgical data science” team, born from the collaboration between engineers 

and surgeons allow the research in this emerging branch of medicine to improve the 

current knowledge in surgery.  

Artificial intelligence could help surgeons to increase their surgical better understand 

the location of the target structures to be treated, to improve the decision making and the 

therapeutic choices and to enhance the guidance of the tools provided by robotics 

allowing for an improvement of the procedure. 
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Figure 4: Artificial intelligence station for automated ultrasound diagnosis 

 

3 IHU -  Institute of Image-Guided Surgery 

The IHU of Strasbourg (Institut Hospitalo-Universitaire de Strasbourg) is entirely 

dedicated to the development of a new type of surgery, known as hybrid surgery, which 

combines the most advanced minimally invasive technologies - laparoscopic surgery, 

flexible endoscopy and interventional radiology - with the latest advances in medical 

imaging and robotics. 

This center is one of six French IHUs created under the “Programme d'Investissements 

d'Avenir “(PIA) whit the ambition is to lead the new surgical revolution, offering to the 

patients the most effective therapeutic innovations. 

It represents an innovative center focused on training and research in new medical 

technologies.  
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The IHU Strasbourg has a unique preclinical experimentation platform, entirely 

dedicated to research, innovation, and teaching of minimally invasive image-guided 

surgery. 

This experimental platform aims at providing a unique facility for research, training and 

innovation in the development and evaluation of medical devices and new image-guided 

procedures within healthcare settings like those found in clinics and hospitals. 

The platform is therefore equipped with state-of-the-art imaging equipment on a par 

with those found in human clinics for diagnosis and research, which allows experiments 

to be carried out as close as possible to real-life conditions. 

The IHU is built on the know-how and expertise of a multidisciplinary expert team 

made up of surgeons, radiologists, endoscopists, radiology technicians and animal care 

technicians. 

The Institute for Image-Guided Surgery invests in translational research to identify new 

therapeutic approaches using image-guided minimally invasive surgery tools. 

The research strategy is based on the integration of multidisciplinary medical, scientific 

and industrial skills with the aim to promote innovations and startup creations.  
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Figure 5: IHU experimental platform. 

 

 

4. The role of virtual reality simulators in surgery and endoscopy 

 

Training on virtual reality simulators (VRS) is proven beneficial, shortening the 

learning curve to competency (18). Current simulators are expensive and difficult to 

access (19). Low-cost portable VRSs could help democratize and standardize 

endoscopic training.  

The learning of surgical techniques necessarily includes the acquisition of several 

psychomotor skills, which are defined as mental and motor activities that are necessary 

to perform a given manual task. Despite variations in assessment methods, skills, and 
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surgical parameters, studies have reported the effectiveness of simulation training in 

clinical practice (17,20).  

Simulator-trained surgeons performed surgical procedures faster and more accurately 

and with a lower percentage of intraoperative errors or postoperative complications than 

the conventionally trained group, thus minimizing the risks of iatrogenic events and 

offering surgeons a safe and comfortable environment without the pressure of the 

operating room (21). 

According Vajsbaher et al. (22), it has been well documented that spatial cognition is an 

important factor for skill acquisition and for the performance of surgeons in minimally 

invasive surgery. One of these spatial cognitive skills is visuospatial ability. 

This skill enables the individual development of internal mental representations of 

visual patterns and to use these representations to solve complex spatial problems, 

allowing to retain, retrieve and transform visual and spatial information according to its 

spatial locus (22).  

Simulation using virtual reality at the start of endoscopic training has emerged as a 

necessary addition to conventional learning. It also provides several benefits, including 

a low-risk environment, valuable improvement in patient safety, and optimization of 

endoscopy time(12,23).  

Virtual endoscopy simulators are integrated systems that consist of mechanical parts 

and software. They run a computer program that simulates the procedure of endoscopy 

using endoscopic images of the gastrointestinal tract while the trainee handles an 
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endoscope attached to a processor that gives a signal to a monitor (24). The moves of 

the endoscope interact with the monitor image, offering the user a virtual environment 

for practicing.  There are currently two virtual simulators in the market: GI Mentor 

(Simbionix, Cleveland, United States) and Accutouch Simulator, recently renamed as 

CAE EndoVR Simulator (CAE Healthcare, Montreal, Quebec, Canada) (24,25).  

GI Mentor is an advanced endoscopic simulator for upper and lower endoscopy 

training. It provides a large library of modules from basic endoscopic skills and simple 

clinical procedures to complicated situations such as emergency gastric bleeding (19). It 

also provides modules for endoscopic ultrasound (EUS) and endoscopic retrograde 

cholangiopancreatography (ERCP) training. The simulation program includes features 

like a pain indicator and scope locator and trainees can also practice on virtual patient 

cases based on actual medical data (25). 
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Figure 6: GI Mentor (Simbionix, Cleveland, United States).  

 

CAE Healthcare (Canada) provides modules of esophagogastroduodenoscopy (EGD), 

colonoscopy and endoscopic retrograde cholangiopancreatography (ERCP) (26). The 

trainee can also acquire skills in polypectomy, biopsy and hemostasis (26). CAE offers 

a realistic endoscopic experience also providing the background of the virtual patients 

and modifying different paients’parameter during the endoscopy, such as vital signs and 

patient response to pain and discomfort (27).  

 

 

Figure 7: CAE EndoVR Simulator (CAE Healthcare, Montreal, Quebec, Canada).  
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Although these simulators are realistic, they are usually very expensive and not 

portable. Moreover, the user experience is often repetitive and unfun.  

 

5. Rescue in the deep 

Rescue in the Deep consists of an interaction peripheral and a software part that 

combines digital computation and real-time visualization. The endoscopic “joystick” 

serves as the main user interface and was designed to retain the essential features of a 

real flexible endoscope. The movement of the endoscope in the virtual environment 

corresponds to the motion of a submarine into the sea, which must overcome obstacles 

and achieve specific goals to successfully complete the training level. The joystick 

houses sensors to analyze hand movements and controls various functions of the 

simulator. A real-time physics simulation engine translates the information received 

from the sensors in the joystick to real movements of an actual endoscope. From the 

sensor values, a real-time configuration of the digital model of the endoscope is 

calculated, taking into account interactions with the virtual universe. This universe is 

created to reflect the constraints of real anatomy, but with a level of abstraction that 

translates into game levels using the principle of "gamification". Rescue in the Deep is 

also 3-D printed, allowing scalability and a lower cost for production. The system is 

lightweight, portable, and convenient to use anywhere the trainee desires with the 

appropriate software. 
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Figure 8: Reproduction of the endoscopic movement.  

 

This universe is created to reflect the constraints of a real anatomy, but with a level of 

abstraction that allows it to be transformed into a game level (according to the principle 

of "gamification") (Figure 9). 

It is possible to connect dedicated tools to the endoscope in order to simulate the use of 

endoscopic instruments such as biopsy or snare forceps.  

The levels currently available allow the trainee to practice in basic endoscopic 

movements and skills:  

-Level 1: the submarine must be directed through rings placed in the water universe 

(basic scope manipulation) 

-Level 2: the submarine must pass through rings after aspirating its contents 

(navigation) 

-Level 3: 5 oxygen bottles placed in the water universe must be recovered (targeting) 

-Level 4: Identification and scanning of specific types of polyps (basic mucosal 

evaluation) 
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-Level 5: Identification and remotion of specific types of polyps also using retroflexion 

(retroflexion) 

 

 

 

Figure 9: Rescue in the deep device and graphical interface. 

RID can trainer novices to the basic principles of the endoscopic movements, navigation 

and the use of tools (snare forceps, biopsy forceps). It could be useful to medical 

students, residents and surgeons who have not a major experience in endoscopy to 

understand the basic principles of the techniques and prepare their self to perform 

endoscopic procedures on the real patients. In the future, the introductions of more 

advanced levels will make RID useful also for experts endoscopist to improve their 

skills.  
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Unlike other platforms currently on the market, this portable simulator allows the 

trainee to use it when and where he wants it. This represents an innovation in the field 

of the endoscopic simulators, that are currently not portables and often available only in 

few universities and research centers. This could be fundamental especially in critical 

situations when on-site training is not possible (as the COVID-19 pandemic limitations 

or geographical distance).  

Although RID is not already available on the market, its market cost is expected to be 

much lower than that of currently available simulators, usually between 35.000 $ and 

134.000 $. Therefore, RID promise to democratize the endoscopic training, being a 

portable and cost-accessible simulator.   

 

6. Scientific articles or patents related to the PhD project  

-“Educational Scoring System in Laparoscopic Cholecystectomy: Is It the Right Time to 

Standardize?” Reitano E, Famularo S, Dallemagne B, …Mutter D. 

-“Deep sedation versus orotracheal intubation for endoscopic sleeve gastroplasty 

(ESG):preliminary experience” Reitano E, Riva P, Keller D,…Perretta S. 

-“ A prospective observational study on minimally invasive surgery skill acquisition 

across novice levels” Reitano E, Riva P, Keller D, Badessi G..Perretta S. 

 



 22 

Rescue in the deep: an innovative simulator 

7. Introduction 

Achieving mastery in surgical endoscopy requires a high level of manual skills, 

knowledge, and experience (11). As the patient population and indication for 

endoscopic procedures expands, the complexity of endoscopic procedures is increasing 

accordingly (28,29). There is a need to properly train surgical endoscopists with the full 

range of technical and non-technical skills to meet these challenges and provide the best 

patient outcomes (11,16). Conflicting with this need for enhanced training are the 

current duty hour restrictions in surgical education. Sweeping reforms have mandated 

that trainees have less time in the hospital, resulting in less time performing procedures 

and receiving mentorship to improve their skills (30,31). Specific concerns have been 

raised on the ability to gain competency in surgical endoscopy (32). In order to gain the 

experience necessary to safely perform endoscopy, alternative learning strategies are 

needed (3, 33).  

Surgical simulation is a validated alternative learning platform for skills 

acquisition and reaching surgical competency (33). Simulation allows repetitive practice 

in a controlled, safe, and cost-effective environment without any real-world risks or 

consequences (34). With simulation, trainees have a platform to acquire and improve 

technical skills, decision-making capabilities, and situational awareness critical for 

mastery before actually entering the operating room (20,35). Virtual reality has been 

incorporated into surgical simulation, and virtual reality simulators (VRS) have 
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demonstrated value in addition to conventional training for surgical endoscopists to 

improve their skills in multiple controlled clinical scenarios (36,37). Current VRS for 

endoscopic training provide an extensive library of modules across skill level, 

procedures, case urgency, and complexity (37). Guidelines support VRS as the best 

tools to prepare and successfully pass the Fundamentals of Endoscopic Surgery (FES) 

exam, administered by the Society of American Gastrointestinal and Endoscopic 

Surgeons (SAGES) (38,39).  While effective, current VRS have inherent limitations, 

including that they are expensive, not portable or convenient, and, while the interfaces 

are realistic, they fail to engage users (19). Given the increasing reliance on alternative 

learning platforms and value of VRS in surgical education, a convenient, low-cost, 

endoscopy trainer that uses VRS technology and the principles of gamification is 

needed. To meet this need, Rescue in the Deep (EVE, Strasbourg, FR), a novel, portable 

VRS that provides 5 levels of training using a gamified underwater graphic interface 

was created.  To date, beta testing of the Rescue in the Deep platform has been 

performed, but study on the effectiveness in endoscopic training is necessary.  

The goal of this work is to assess the efficacy of the novel, portable gamified 

Rescue in the Deep VRS for endoscopic skills training. Our hypothesis was that the 

novel, portable, gamified VRS would be as effective as the standard VRS for task 

performance, while providing a more enjoyable user experience.  
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8 Methods:  

8.1 Design 

A prospective single-center, non-blinded randomized study design was used to test the 

hypothesis of non-inferiority from July 1, 2022 through September 30, 2022. The study 

was conducted in our training center (Image-guided Hybrid Surgery Institute - IHU).  

 

8.2 Study population 

The study population was recruited from participants at the 2022 Strasbourg B.E.S.T. 

Course. Participants voluntary applied to trial VRS systems. Volunteers were included 

if they were over 18 years of age, able to speak and read both English and French in 

order to understand the study protocol, willing to attend the predetermined training 

sessions, and signed informed consent to participate. Volunteers were excluded if they 

had previously received any training or performed any portion of an endoscopic 

procedure, including bronchoscopy, upper endoscopy, colonoscopy, and endoscopic 

retrograde cholepancreatography). A total of 20 novices were recruited. 

 

8.3 Randomization and Study Arms 

The 20 participants were randomized in a 1:1 fashion into either the control or 

experimental arms using a sealed envelope randomization method. The control arm used 

the standard GI Mentor™ Express (3D Systems, Littleton, CO, United States) 
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simulation system, while the Experimental Arm used Rescue in the Deep (EVE, 

Strasbourg, FR). With the non-inferiority goal, no power analysis was performed.  

 

8.4 Data Source 

The data evaluated was derived from the simulator performance. Novice performance 

metrics were evaluated before and after completion of the training period using the 

standardized FES examination. Each novice had 45 minutes to run each training 

session; it was considered completed after that time. 

 

The experimental arm training consisted of 5 different levels of training of increasing 

difficulty, ranging from learning basic endoscopic movements to reaching targets using 

specific and appropriate tools. 

The control arm GI Mentor™ Express is a not portable VRS. It includes several 

scenarios that can mimic realistic procedures. The endoscope has an operative channel 

for the introduction of a tool to simulate the use of endoscopic instruments. There is no 

unique variable to summarize the progress made for each session, so different variables 

were considered to assess the advances in this group:  

- endo-basket time, i.e., the time taken to complete the “endo-basket” exercise; 

- efficiency, i.e., screening efficiency of the colonic mucosa during the dedicated 

exercise; 

- endo-bubble time, i.e., the time taken to complete the “endo-bubble” exercise; 
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- scope manipulation, i.e., handling skills during the dedicated exercise; 

- mucosal time, i.e., the time taken to complete the mucosal screening during the 

dedicated exercise; 

- scope attempt, i.e., attempts to scope targets during the dedicated exercise; 

- targeting attempt, i.e., attempts to biopsy virtual targets during the dedicated exercise; 

- target time, i.e., the time to complete the target recognition exercise. 

As RID currently provides only 5 levels for basic endoscopic learning, similar 

exercises, not based on realistic scenarios, were chosen on the control arm to express to 

decrease the differences observed in novices’ experiences.  

8.5 Main outcome measures 

The FES scores were evaluated before the training activity to assess to compare scores 

across groups and between participants. The individual scores available for each 

simulator and the final and initial scores FES exam scores, as well as the differences 

between them were analyzed. Then, the scores difference between initials and finals 

scores were analyzed to assess the progress in the two groups. Novice feedback on the 

experience with the corresponding type of simulator was evaluated on a 5-point Likert 

scale (40). 

 

8.6 Statistical analysis 

Data on demographics and years of medical training for all participants were collected.  
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Available metrics for each VRS were analyzed to assess the training progress between 

sessions. The overall score achieved at the end of each session was chosen to 

summarize the progress with RID among sessions, Descriptive statistics were reported 

for the tests, with frequencies for categorical variables (percentiles) and means (standard 

deviation) or median (interquartile range) as appropriate for normalized and non-

normalized continuous variables. A detailed focus on each simulator was done and 

scores were separately compared among missions. Graphical representations of 

individual trajectories were created, considering the total mission score for the 

Experimental Group and the defined targets assessed for the control arm (endo-basket 

time, efficiency, endo-bubble time, scope manipulation, mucosal time, scope attempt, 

targeting attempt, target time). Then, a repeated measures model was constructed 

considering as outcome the different scores, while the number of missions and the 

progress over time for each participant were controlled as covariates. Statistical 

significance was determined using 95% confidence intervals and a threshold set to 0.05 

in the two-tailed comparisons. All the analyses were conducted using SAS 9.4 (SAS 

Institute Inc., Cary, NC, US).   

 

9. Results:  

Twenty novices participated in the study, 10 in the experimental and 10 in the 

control arms. Overall, the participants represented 6 different countries: France n= 13, 

65%, Italy and Spain each n=2, 10%, and Brazil, Venezuela, and Taiwan each n=1, 5%. 
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The median age of the participant pool was 22 years (IQR:20-31.7).  The makeup of the 

participant pool was 70% medical students (n=14) and 15% each general surgery 

residents and practicing surgeons (n=3 each). 

Since the two VRSs have different levels and scores, the goodness of randomization 

between groups was based on the results of the FES exam before training. At baseline, 

subjects were similar (p=0.9112) in terms of FES-score: 38.07±8.24 and 38.56±10.88 

for simulator one and two, respectively. Generally, subjects had an increase of 

26.02±10.20 score, without statistical difference among groups (25.32 ±11.26 and 

26.72±9.58, p=0.7685). Finally, when model was performed, subjects trained with the 

experimental arm had an higher follow-up score [beta 1.74, 95% CI -5.98; 9.46] without 

statistical significant (p= 0.6404). Figure 10 showed the progress made in achieved final 

scores of the experimental arm novices in sessions.  

 

Figure 10: Skills progressions in the RID-trained group 
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The median achieved score on experimental arm was 8562 points (SD±: 

2006.29) at the first training session and increased over time until almost doubling at the 

last training session [14764 points (SD±: 972.41)]. Table 1 (repeated-measures ANOVA 

test) showed an increase in the score achieved between the RID sessions, considering 

each session as a categorical variable, while the increase was 1.417.90 points [95% CI: 

1133- 1701] between one session and the following if it was considered a continuous 

variable.  

Table 1: Average increase in scores per sessions as compared to the first training 

session 

RID sessions Beta [95% CI] 

2 vs. 1 3.876 [2.939 – 4.812] 

3 vs. 1 5.110 [4.167 – 6.052] 

4 vs. 1 5.651 [4.455 – 6.846] 

5 vs. 1 6.202 [4.970 – 7.433] 

 

Table 1: RID: Rescue int the Deep; CI: Confidence interval 

 

Table 2 showed the repeated-measures ANOVA test calculated for each selected 

variable of the control arm. An increased score in “efficiency” and a gradual decrease in 

the time required to complete levels (endo-bubble time, endo-basket time, mucosa time, 
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target time) and in the number of attempts or movements made to reach targets 

(manipulation, scope attempt, and target attempt) could be observed. 

 

Table 2: Results of repeated measures model considering as outcome the score and 

as covariate the training session in categorical and continuous way. 

Sessions 2 vs. 1  3 vs. 1 4 vs. 1  5 vs. 1  As a 

continuous 

variable 

Endo-basket 

time 

[sec (95% 

CI)] 

-88.8 [-

199.462 ; 

21.8624] 

-90.7 [-

175.656 ; -

5.7437] 

-114.7 [-

220.692 ; -

8.7081] 

-111.6 [-

208.882 ; -

14.3178] 

-24.91 [-

44.1022 ; -

5.7178] 

Efficacy  

(score) 

10.2 [2.666 ; 

17.734] 

3 [-13.2121 

; 19.2121] 

12.3 

[1.9472 ; 

22.6528] 

12.7 

[4.0715 ; 

21.3285] 

2.75 

[0.7341 ; 

4.7659] 

Endo-bubble 

time  

[sec (95% 

CI)] 

-46.6 [-

93.7405 ; 

0.5405] 

-90.6 [-

123.584 ; -

57.6164] 

-105.3 [-

146.616 ; -

63.9842] 

-110.8 [-

144.681 ; -

76.9195] 

-28.03 [-

36.1687 ; -

19.8913] 

Scope -46.5 [- -98.9 [- -105.7 [- -113.1 [- -28.54 [-
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manipulation 

time [sec 

(95% CI)] 

88.4462 ; -

4.5538] 

175.413 ; -

22.3873] 

179.23 ; -

32.1702] 

177.227 ; -

48.9727] 

46.4942 ; -

10.5858] 

Mucosal time 

[sec (95% 

CI)] 

-85.8 [-

142.22 ; -

29.3797] 

-115.7 [-

212.311 ; -

19.0887] 

-144.1 [-

244.076 ; -

44.124] 

-171.2 [-

239.845 ; -

102.555] 

-40.07 [-

58.0055 ; -

22.1345] 

Scope attempt 

(nb of 

attempts) 

-46.5 [-

88.4462 ; -

4.5538] 

-98.9 [-

175.413 ; -

22.3873] 

-105.7 [-

179.23 ; -

32.1702] 

-28.54 [-

46.4942 ; -

10.5858] 

-28.54 [-

46.4942 ; -

10.5858] 

Target 

attempt 

(nb of 

attempts) 

-1.9 [-

4.8393 ; 

1.0393] 

-1.8 [-

3.9435 ; 

0.3435] 

-0.9 [-

4.2314 ; 

2.4314] 

-2.9 [-

4.6187 ; -

1.1813] 

-0.48 [-

1.0342 ; 

0.0742] 

Target time 

[sec (95% 

CI)] 

-19.1 [-

122.926 ; 

84.7257] 

-70.2 [-

133.213 ; -

7.1874] 

-162.1 [-

216.743 ; -

107.457] 

-148.9 [-

203.573 ; -

94.2269] 

-44.08 [-

61.9644; -

26.1956] 

  

Table 2: CI: confidence interval 
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Figure 11 showed the graphical representation of the different exercises during 

sessions. 

 

Figure 11: Skills progressions in the VRS-trained group 

 

Eighty percent of trainees in the experimental arm found the training 

entertaining and felt that this serious game helped them to increase their ability to 

handle an endoscope and their endoscopic navigation skills. In the control arm, 70% of 

the trainees found the trainers entertaining, and the percentage of trainers who felt an 

improvement in their endoscopic skills was reduced to 60%.  Only 20% of the control 

arm and 10% of trainees in the Experimental Arm had previous video games 

experience, both in low volume (less than 3 hours per week).  Finally, all experimental 

arm trainers felt more like playing a game than performing a training. This feeling was 
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stated by only one trainee in the control arm, whereas 50% of trainees felt more like 

they were undergoing traditional training. 

 

10. Discussion 

This study introduces a novel, portable, gamified VRS- Rescue in the Deep- and 

demonstrated the non-inferiority of Rescue in the Deep to standard VRS for developing 

basic endoscopic skills and preparing novices for the FES examination. Novices had 

similar performance across the experimental and control groups in all metrics and tasks, 

though more participants in the experimental arm reported their VRS entertaining and 

subjectively helpful for skills development. 

The experimental and control arms showed a similar rate in passing the FES 

examination after the training, supporting the non-inferiority of the novel Rescue in the 

Deep VRS. Findings suggest that VRS, regardless of their specific features or 

technological differences, are equally effective in providing a platform for endoscopic 

training (19). Despite the growing popularity of VRSs, most simulators are expensive 

and not portable, hence limiting the training access and opportunity with these tools 

(18). There are no data that we are aware of in the current literature presents a cost-

effective solutions analysis for a VRS tool (41), RID represents an innovative VRS, 

potentially making the training more cost-effective and affordable for everyone. 

RID represents a new generation of VRS that use the concept of gamification in 

endoscopy. The ability for immersive VRS to stimulate physiological arousal and 
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addiction has been previously shown (42). Here, the application was a proof of concept 

for gamification in endoscopic training, with the engaging interface and inherent desire 

to score and advance levels. In the current study, most of the experimental arm reported 

training felt more like playing a game instead of being trainers. Furthermore, the 

graphical interface designed to entertain and amuse did so without sacrificing technical 

proficiency and knowledge. With these features, trainees may be more compliant with 

deliberate practice and the time needed to ascend to skills mastery (43). 

Specific advantages of the experimental Rescue in the Deep platform were found 

in the study. The experimental arm has the additional advantage of being portable, plug 

and play, easy to install and use, with a very intuitive interface, therefore being 

potentially able to democratize endoscopic training. Because of such qualities, it could 

be used both within university and training institutions and by the individual trainer at 

home. The experimental arm planform could be helpful in describing the progress made 

among different training sessions and in offering more intuitive feedback on skills 

improvements by providing a unique total score for each training session. This can be 

useful for getting a more precise and intuitive overview of the trainee’s learning curve 

during the different learning sessions. Moreover, the experimental arm showed a more 

linear increase in learning compared to the control arm.  As a result, it could also be 

helpful to provide more direct feedback on the trainers’ improvements during dedicated 

educational courses and endoscopic training programs (44).  As the trainer received 

direct feedback from the system on skills improvement over time, the concept of “self-
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training” could be relevant for trainees who would like to improve their endoscopic 

skills, but who have no frequent access to endoscopic procedures. It could be the case 

for trainees in universities where there is no endoscopic simulator or dedicated 

educational program, or in particular circumstances when there is no access to such 

tools (as recently observed during the COVID-19 pandemic) (42).  

We recognize the limitations of this work. The results are based on a small 

sample size from a single center, which could introduce bias into the interpretation of 

results and limit the generalizability of these findings. Larger, powered studies across 

multiple centers are planned from these favorable findings to further support the 

hypothesis. Additionally, the training was limited to the development of basic 

endoscopic skills in accordance with the current available levels of difficulty related to 

the Experimental Arm device. As this VRS is still in its early development stage, only 5 

levels are presently available to learn endoscopic basic skills. Regardless of any 

limitations, the novel portable VRS shows the potential for continuous skills 

improvement of novices toward competency, while the learners enjoy the task. There 

are important implications for implementing such training models into routine practice 

for patient safety, learner convenience, and expanding training outside of the hospital.  

In conclusion, this study demonstrates the potential of a novel, portable, 

gamified VRS- Rescue in the Deep for basic endoscopic skills development. The 

evidence for its effectiveness in developing the technical and manual skills necessary to 

promote success in endoscopic procedures was seen, with similar performance across 
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the experimental and control groups. In addition, there was greater subjective 

engagement and interest from users. Future studies will determine if this translates to 

sustained use and more efficient skills acquisition. The Rescue in the Deep represents 

an exciting innovation in the field of endoscopic training compared to the others VRS 

currently on the market. Further studies with larger sample sizes will corroborate these 

results as we work to develop more advanced endoscopic skills. 
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