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Key points

1) Simulation training in robotic surgery is essential before moving on to clinical practice in order to avoid serious adverse events for patients related to the learning curve.

2) The type of training must be adapted to different types of learners and we do not offer the same teaching program to a resident as we do to a surgeon who already has training in robotics.

3) This simulation training must be multimodal based on theoretical teaching by elearning, practical teaching including the use of virtual and mechanical simulators, microsurgery, wet lab, and team training specifically adapted to robotic surgery. 4) This teaching must follow two principles: step-by-step acquisition and verification of skills in order to be certain that the learner has assimilated the techniques.

5) It is recommended that the learner undergo validated teaching of basic techniques before proceeding to the use of the robot in the learner's specialty.

Summary:

Simulation has become increasingly important in surgical teaching in recent years and the French National Authority for Health (HAS) recently underlined the goal and ethical priority: "never the first time on the patient". Simulation programs have been tested and validated for laparotomy and for laparoscopy, but there is not yet a validated program specific for robotic surgery. Due to substantial advances in this new technology, we have developed a program in Nancy dedicated to outside-the-operating room (OR) teaching of robotic surgery using the Da Vinci robot. This teaching is based on a combined program of theoretical teaching (e-learning) and learning of practical skills using virtual simulators (DV-Trainer ® , Robotic Mentor ® , DVSS ® ), mechanical simulators (Dome, Applied ® abdominal simulators), microsurgery and wet lab using ex vivo animal organs, anesthetized animals, and cadavers. This program also emphasizes team training. The course is intended for residents in surgical training and is integrated into the specialized study diploma (DES) program for Visceral and Digestive Surgery; it also can be used by qualified surgeons who can integrate it with the Inter-University Diploma (DIU) in General Robotic Surgery for basic techniques and also for DIUs in other surgical specialties (digestive and gynecologic surgery) for robotic uses within their specialty.

These courses are based on the concept of step-by-step skills acquisition and verification allowing a transition to safe clinical activity.

Introduction

Simulation, according to the Larousse dictionary, is a representation of a physical, industrial, biological, economic or military process by means of a material model whose parameters and variables resemble as closely as possible the system studied. The use of simulation as a learning system was already practiced in the Middle Ages when knights trained for tournaments using wooden models. Surgical simulation can be defined as a strategy for learning both basic skills and complete interventions, immersing the learner in a situation that most closely resembles reality.

The objective of simulation learning is to avoid, as much as possible, the possibility that the surgeon in early residency training or when acquiring a new technique, performs this first gesture on a real patient with all the risks that this may entail. Already in 1927, the American surgeon William Mayo declared: "There is no excuse today for the surgeon to learn on the patient" (1).

In 2012, the French National Authority for Health (HAS) published a report entitled:

State of the Art in Matters of Simulation Practices in the Health Field; at the end of this report, the HAS drafted a guide to good practices in matters of simulation in health care with ten proposals. The first proposal stipulates that training using health simulation methods must be integrated into all teaching programs for health professionals at all stages of their curriculum (initial formation and continuing education). The ethical priority "never the first time on the patient" has become a watchword (2).

Today there are several validated open and laparoscopic simulation training programs.

We can cite the Fundamental Laparoscopic Skills (FLS) course in the USA which is a compulsory validating program for surgical residents who want to take their Board of Surgery Certification Examinations and therefore to be able to practice [START_REF] Okrainec | Trends and results of the first 5 years of fundamentals of laparoscopic surgery (FLS) certification testing[END_REF].

In France, the College of Visceral and Digestive Surgery established an outside-the-OR learning program that has become compulsory for residents registered in the Visceral and Digestive Surgery specialized study diploma (DES) from November 1, 2017 onward.

On the other hand, there is currently no validated apprenticeship program for robotic surgery, either in Europe or in the USA.

In 2011, the Dutch Health Care Inspectorate published a report entitled: "Insufficiently Prepared Introduction of Robotic Surgery" (4). In the USA, in the 2010s, the FDA received reports of an excess of serious adverse events linked to the use of the DaVinci® robot, which led them to launch a user survey [START_REF] Tanner | Robot hot among surgeons but FDA taking a fresh look[END_REF]. At the same time, patients filed a number of lawsuits against Intuitive, claiming that surgeons had not received sufficient training (6). These findings generated international reflection from 2012 onwards and a concern to develop a learning and certification project called Fundamentals of Robotic Surgery based on the FLS model.

Why should we develop a simulation learning program for robotic surgery, mainly for the DaVinci ® robot?

1) The DaVinci ® robot, which was introduced in Europe in 2000, was used initially mainly by urologists during the first years of operation, but currently many surgical specialties (digestive, thoracic, gynecological) are using the robot in surgical practice and there are currently 4,166 DaVinci ® systems installed worldwide, including 123 in France.

It has therefore become imperative to train surgical residents in these specialties as well as established surgeons who would like to develop or participate in a robotic surgery program at their institution.

2) Robotic surgery has technical and environmental specificities, which differentiate it from laparoscopy, even though many common points remain. It is essential for the surgeon to acclimatize to a machine interface interposed between the surgeon and the patient and to rethink parts of the procedure, particularly:

-the position of the trocars which is specific to the use of the robot -the docking of the arms of the instrument trolley -the use of a several foot pedals which combine many functions -the acquisition of new specific gestures related to the multi-dimensional articulation of the intracorporeal instruments -the need to learn about innovations and regular advances developed by the Intuitive firm (model XI ® , model X ® , linear stapler, fluorescence by the Firefly ® system, etc.) -the essential learning required of the operative assistant whose gestures are difficult to oversee by the non-sterile surgeon sitting at the control console -communication between the surgeon (non-sterile and sitting remotely at the console) and the operative assistant (sterilely dressed the operative field) must be learned and socalled team training is essential.

3) The main objective of this apprenticeship is to allow robotic activity to develop in complete safety and to avoid the mistakes made during the introduction of laparoscopic surgery in the 1990s when early laparoscopic cholecystectomy was accompanied by a notable increase in bile duct injury (7).

The objectives of simulation training

The training objectives include general objectives (general skills to be acquired) and detailed objectives (specific gestures).

The skills to be acquired differ depending on the learner. In fact, the content of the training is not the same if you are dealing with an operative assistant, a resident in digestive surgery, a fully-trained surgeon with no experience in robotics, or a surgeon who has experience in robotics but who wants to learn a specific new procedure. The skills to be acquired vary according to the categories of professionals to be trained and are summarized in Table 1.

Detailed objectives (gestural skills)

Robotic surgery interposes a machine interface between the surgeon and the patient, a relatively complex interface to manage, consisting of an operating console, a cart for the robotic arms, and the monitor tower).

It was also necessary to identify the specifics of robotic surgery compared to laparoscopy and open surgery in order to define the detailed objectives of learning basic gestures in robotics. The Fundamentals of Robotic Surgery group has defined a total of 25 fundamental outcome measures that must be validated in order to obtain certification (Table 2).

Methods and means

Theoretical teaching is essential before the student handles the robot. The student must learn the functioning of the machine, its structure, the main manipulations, the main mechanical failures, etc. This teaching is currently delivered mostly in the form of elearning. Some lessons are accessible free of charge on the internet, such as the FRS (Fundamentals of Robotic Surgery) e-learning which is available on the "frssurgery" site. This site was created by the 14 learned societies in charge of the FRS project, and offers an educational source independent of commercial manufacturer(s), which will ultimately synthesize data on all types of surgical robots. This teaching is divided into several parts: the instrumentation, the instrument or patient cart, the vision cart and the surgeon console. A test module has also been integrated to resolve faults and breakdowns, and which, after certification, allows access to further teaching.

The Intuitive ® company has also created an on-line training platform "davincisurgerycommunity" which offers very comprehensive theoretical training.

Regarding robotic surgery training in Nancy, we have created an e-learning course as part of the Inter-University Diploma (DIU) in General Robotic Surgery, whose results must be validated before the student proceeds to practical teaching.

. Practical teaching progresses from virtual simulators to the use of the robot on mechanical models (dry lab) or on ex-vivo animal organs, and finally to living animal models or cadavers (wet lab).

Finally, specific training in teamwork (team training) can be achieved using dedicated simulators (Xperience Team Training ® from Mimic ® ) and during sessions on animal models.

Good practices in simulation teaching

All the e-learning instruction should be validated before the learner can proceed to clinical activity.

There are a few simple rules to optimize simulation learning. 1) Avoid wasting time with unnecessary and/or redundant exercises;

2) Learning must, in principle, take place "step-by-step" and be proficiency-based: ─ Step-by-step: the exercises are carried out in an order that proceeds from the simplest to the most complex skills.

─ Proficiency based: you cannot go from a simple exercise to a more complex exercise until the first exercise is mastered. The learner can be considered to have mastered a skill when he/she has achieved a score equivalent to 90% of the score achieved by the expert.

3) The exercises must be repeated to develop procedural memory until the learner is able to integrate a certain degree of automaticity into the surgical procedure. But it is better and more productive to break up the learning periods.

The use of virtual simulators:

These machines allow diversified learning with the help of exercises that train basic gestural skills (manipulation of joystick, manipulation of pedals, manipulation of the camera, manipulation of energies, etc.) followed by performance of more complex gestures involving suturing and dissection. One major interest is that they allow selfassessment. In addition, the learners can quickly become independent even if they need coaching at the beginning of the learning sessions, since this makes it possible to understand and correct errors more effectively. The drawbacks of virtual simulators are their fragility and high cost, which generally exceeds €100,000 Euros. Several virtual simulators are currently available on the robotic simulation market: the Da Vinci Surgical Skills ® (DVSS) which connects to the console of the robot, the DV-Trainer ® developed by the Mimic ® company , the Robotix Mentor ® developed by the Symbionix ® company and the new RossTM II ® redesigned by the Simulated Surgical System ® company.

In Nancy, we were able to validate the use of the DV-Trainer ® (Figure 1) marketed by MIMIC ® for apprenticeship in the basic gestures in robotic surgery. We have shown that it has very high realism (face validity), a very high interest for students (content validity) and construction validity that made it possible to distinguish novices from experts [START_REF] Perrenot | The virtual reality simulator dV-Trainer ® is a valid assessment tool for robotic surgical skills[END_REF].

In addition, we were able to show that the DV-Trainer ® can be used to teach complete procedures. We therefore broke the gastric bypass down into stages and designed a succession of simulator exercises corresponding to each stage of the surgical procedure that has proved useful for apprenticeship learning [START_REF] Fantola | Robotic Roux-en-Y gastric bypass surgical simulation curriculum[END_REF].

In the same manner, we were able to validate the use of the Xperience Team Training ® (laparoscopic simulator coupled to the DV-Trainer ® ) which allows the simultaneous training of the surgeon and operative assistant [START_REF] Sessa | Face and content validity of Xperience™ Team Trainer: bed-side assistant training simulator for robotic surgery[END_REF] 

The use of microsurgery

We were able to demonstrate that the practice of microscopic surgery was a useful element in learning robotics by simulation [START_REF] Perez | Prior experience in micro-surgery may improve the surgeon's performance in robotic surgical training[END_REF]. This is explained by the fact that the gestures and the ergonomics of these two techniques are very similar. The gestures allow the operator to become accustomed to working in a reduced workspace, with eyes fixed in the binoculars of the microscope. This is very similar to the way of working at the console of the DaVinci ® robot.

The dry lab

We use the DaVinci ® robot to perform exercises on mechanical models.

The student can learn trocar placement skills and the securing of the arms to the trocars on an abdomen-like box developed by Intuitive Surgical but not commercially marketed (Figure 2).

Basic gestures can be learned on silicone models, in particular the "Dome" developed by the Fundamentals of Robotic Surgery course, which includes several exercises using this structure (Figure 3).

Seven exercises have been developed:

1) deployment of robotic arms and installation of instruments 2) ring transfer 3) knot tying 4) tissue suturing 5) the use of the 4th arm 6) dissection of a piece of synthetic skin 7) dissection of a vessel enveloped by fatty tissue, with coagulation and division of the vessels.

Two virtual dome models developed by the Symbionix ® and Mimic ® are currently being evaluated. The learner can also perform more complex procedures using a mechanical abdomen model developed by Applied ® but not commercially marketed (Figure 4).

The wet lab

Virtual surgery with the DaVinci ® robot can be performed on ex vivo organs or on anesthetized animals or on cadavers. The pig is the most frequently used animal model.

The interest is to be able to carry out complex procedures in a realistic environment very close to a procedure on a real patient (vascular dissection, circulation and respiration, mobility of organs, etc.). The use of a cadaver with pulsatile blood flow and ventilation (Simlife ® System) [START_REF] Delpech | SimLife a new model of simulation using a pulsated revascularized and reventilated cadaver for surgical education[END_REF] seems to be the ultimate improvement in simulation and it should be reserved for learning very complex procedures (proctectomy, pancreatectomy) or for developing new interventions. Training in the laboratory is highly realistic and also allows team training in conditions very close to reality. The disadvantages are the high cost of the sessions, the need for an approved structure and increasingly restrictive regulations. But in any case, this step seems essential for students in robotic surgery before actually going to the operating room. 

An

Resident teaching

The out-of-OR program for practical skill acquisition for residents in the DES in Visceral and Digestive Surgery, includes a number of outcome measures dedicated to learning robotic surgery. These skills must be validated in the course. For example: the 3C11 item is entitled: "Insert and change the instruments installed on the robot's arms," the 3C12 item is entitled: docking and undocking of the robot, the 3C13 item is entitled: controlling robotic instruments from the console.

Performance and mastery of these outcome measures are evaluated by a specific checklist (Figure 5).

Continuing education for surgeons

Basic teaching by the DIU of General Robotic Surgery includes initial teaching by elearning, followed by five days of practical training on-site at the Nancy School of Surgery. The program includes 16 hours of training on the DV-Trainer, three hours of the Xperience Team Training ® simulator, four hours of microsurgery training, and three hours of surgical practice on the DaVinci ® system during a wet lab procedure. The diploma is issued after continuous assessment of the student's results with exercises performed on the dV-Trainer ® , on the operating microscope and at the wet lab. Specialized teaching for the DIU of Robotic Digestive Surgery and by the DIU of Robotic Gynecological Surgery includes an initial refresher session using elements of the DIU in General Robotic Surgery, followed by specialized sessions for learning complete procedures on animal models and cadavers. For example, the DIU in Robotic Digestive Surgery has three specialized sessions: the first concerns surgery in the upper abdomen, the second on hepatobiliary and pancreatic surgery and the third on colorectal surgery.

Complementary workshops

This academic teaching is complemented by workshops: for example, a workshop dedicated to the learning of gastric bypass, which combines theoretical teaching, video retransmissions in 3-D from the operating room, exercises adapted to the DV-Trainer ® and performance of a gastric bypass on a live porcine model. A workshop dedicated to learning radical prostatectomy is carried out according to the same scheme.

Conclusion

Learning robotic surgery by simulation is a complex process requiring the use of numerous material and human resources at high cost. Despite everything, it is essential due to the extension of robotic techniques, which are finding an ever-increasing role alongside open surgery and laparoscopy. This teaching must be perfectly structured to guarantee a safe transition to clinical practice. 
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