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l’équité bien développé 

A Julie F., pour ta bonne humeur permanente  

A Maxime, discret mais toujours prêt pour donner un coup de main ! 

A François et Youssef, curieux de tout et toujours soucieux de bien faire,  

A Charlotte et Alice, les « petites jeunes », ca me donne un sacré coup de vieux ! Ravie 
d’avoir pu répondre à quelques unes de vos questions, 

A Geoffrey tout nouveau tout innocent, bienvenue chez nous ! 

Pour toutes les orthoptistes présentes et passées car vous m’avez guidée plus d’une fois en 
strabo, en pédia, en angio, sur un champ visuel merdique…votre aide est précieuse et vous 
m’avez beaucoup appris : Elisabeth, Christelle, Agnès, Camille, Aurélia, Monia, Malika, 
Mojgan, Mildrey 

A tous les élèves orthoptistes qui font tourner le service et qu’on ne reconnait jamais à leur 
juste valeur : merci ! 

A toutes les infirmières qui sont souvent en première ligne et qui nous facilitent bien la vie : 
Jen (number one of course), Manue, Anne-Marie, Marylène, Amandine, Julie, Elise, Sylvie 

Je n’oublie pas Francine, Anne, Chantal, Ghislaine, Sandrine qui m’ont guidée à mes débuts, 
Nadia et Laure qu’on retrouvera un jour ! 

A toutes les secrétaires, je ne peux pas citer tout le monde : Isabelle V et B, Christine, Sophie, 
Cindy E et B, Marie-Christine, Céline…pour votre disponibilité et votre patience 

Aux ASH du service Valérie et Sandrine pour votre aide régulière à la consultation 

A toute l’équipe du bloc, parce que travailler dans la bonne humeur c’est plus agréable :  

Isabelle, Fabienne, Angélique, Naïma pour vos préparations exemplaires,  

Alex et Myriam sans oublier Marianne pour votre bonne humeur et votre réactivité 

Catherine, Elisabeth, Jocelyne, Maryse, Odile car jamais je ne trouverai une équipe aussi 
compétente et sympa et je ne dis pas ça pour vous faire plaisir. Vous allez vraiment me 
manquer 

 



16 
 

Lors de mon passage éclair en neurochirurgie pédiatrique 

Au Dr Joud, car travailler à tes côtés c’était vraiment sympa. Je n’oublie pas les Quicks, les 
petites annonces de maison à 19 heures et les photos du chat. Soyons sérieux, je me rappelle 
aussi des nombreux blocs et visites pas toujours très gaies en réa, et de ton amour pour les 
enfants ! Je te souhaite beaucoup de bonheur  

A toute l’équipe de neurochirurgie pédiatrique et du bloc de l’hôpital d’enfants. 

Pour mon stage de médecine en endocrinologie 

Au Pr Weryha, pour sa rigueur et son enseignement,  son bon sens clinique, et pour m’avoir  
intégrée sans problème à son équipe 

Au Pr Klein pour sa culture générale infinie 

Aux Dr Chatelin, Agopiantz, Feigerlova, pour leur bonne humeur et leur enseignement 
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Introduction générale 

 

I. Rappels historiques 

L’apprentissage de la médecine en général, et de la chirurgie en particulier, est un 
exercice long et délicat. L’improvisation n’y a pas sa place car elle peut être grevée de 
conséquences irrémédiables pour le patient. En France, le modèle de formation classique 
repose sur l’apprentissage théorique, puis sur l’observation en salle d’opération avant de 
pratiquer sous la supervision d’un médecin sénior. Néanmoins, ceci expose le patient à un 
taux de complications peropératoires nettement supérieur, ce qui est d’un point de vue éthique 
difficilement acceptable.  Différentes stratégies ont donc été mises en place au fil du temps 
pour permettre aux étudiants de s’entraîner sans risque pour le patient. 

La plus ancienne est la dissection sur cadavres, qui a débuté en Egypte antique, puis 
s’est développée à partir de la Renaissance jusqu’à nos jours (1). Cette pratique est à l’heure 
actuelle de moins en moins répandue en France, en raison d’une législation assez stricte. En 
effet, jusqu’au début des années 1950, les cadavres de suppliciés et des morts abandonnés 
fournissaient majoritairement le matériau essentiel de toute dissection. Depuis lors, seules les 
personnes ayant fait don de leur corps à la science sont éligibles à la dissection (2), ce qui a 
considérablement réduit cette pratique.  

      

 

La Leçon d'anatomie du docteur Tulp, peinture de Rembrandt 
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Il existe aussi des « laboratoires d’entrainement », qui permettent de travailler sur 
différents supports. Les « wet lab » ou laboratoires humides utilisent du matériel d’origine 
animale, que ce soit in vivo (animal vivant anesthésié) ou ex vivo (tissus isolés d’origine 
animale). Les « dry lab » ou laboratoires secs utilisent quant à eux du matériel de synthèse 
pour reproduire différents tissus du corps humain.  Cette pratique comporte deux 
inconvénients majeurs : l’exercice ne peut être répété qu’un nombre de fois limité (tissu 
animal en quantité restreinte et qui s’abîme vite, préparation du matériel de synthèse 
nécessaire), et il n’existe aucun système d’évaluation objectif de l’opérateur. Il ne peut donc 
pas appréhender sa courbe de progression, ni cibler les points sur lesquels il doit s’améliorer, 
à moins d’être accompagné par un tuteur « senior » qui pourrait observer ses gestes et le 
corriger. 

 

 fig A  fig B 

Exemples de « dry lab » (fig A kitaro drylab) utilisant une membrane synthétique pour s’exercer au 
capsulorhexis  et de « wet lab » (fig B) avec des yeux de cadavres de porcs utilisés pour s’entraîner à la chirurgie 
du strabisme 

 

Dans les années 1980, avec la multiplication des jeux vidéos, se sont développés 
différents simulateurs de chirurgie, notamment pour la microchirurgie (cœlioscopie, chirurgie 
vasculaire…) (3). Ces simulateurs n’ont cessé d’évoluer et font actuellement partie intégrante 
de la formation des chirurgiens dans plusieurs pays. En effet, de nombreuses études ont 
montré que l’utilisation de ces simulateurs améliorait les performances et diminuait le taux de 
complications per opératoires (4-8). En ophtalmologie, deux simulateurs ont été développés : 
Phacovision (Melerit, Medical, Linkoping, Sweden) et EyeSi (VR Magic, Mannheim, 
Germany). Ce dernier fait office de référence et il a largement été étudié concernant la 
chirurgie de la cataracte (4–6). Il existe aussi un module de chirurgie vitréo-rétinienne, 
disponible dans notre école de chirurgie à Nancy. 
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II. Description du simulateur 

Le simulateur est composé d’une plateforme contenant un biomicroscope qui génère 
une image en 3D, un écran qui retransmet l’image, un système d’observation à grand angle 
sans contact cornéen (B.I.O.M) et deux pédales dirigeant le microscope et le vitréotome. Sur 
cette plateforme est branchée une tête de mannequin, avec un œil capable de tourner et 
effectuer des rotations, et dans lequel deux orifices font office de sclérotomies. Trois 
instruments sont disponibles simulant la lumière, le vitréotome, la sonde laser ou une pince en 
fonction des exercices.  

 

 

     

 

Simulateur EyeSi, module de chirurgie vitréorétinienne. 

 

 

 

Tête du mannequin avec insertion des deux instruments (vitréotome et lumière). 

Ecran de retransmission 

         Biomicroscope 

Pédale du  vitréotome 

Tête mannequin 

3 instruments 

Pédale du microscope 
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Il existe de nombreux exercices avec pour chacun d’entre eux des niveaux de 
difficultés croissants. Un système de notation a été établi selon cinq critères : réussite de la 
tâche, efficacité, manipulation des instruments, manipulation du microscope et traitement des 
tissus (cf annexe 2). Le score obtenu pour chaque exercice s’étend de 0 à 100, avec un retrait 
de points pour chaque erreur commise lors de la réalisation de la tâche. L’opérateur peut 
cibler ses points faibles et recommencer l’exercice un nombre infini de fois.  

 

III. But de l’étude 

Le simulateur EyeSi a fait l’objet de nombreuses études concernant le module de 
chirurgie de la cataracte, mais seulement quelques unes se sont intéressées au module de 
chirurgie vitréo-rétinienne (7–9). La validité de construction a été prouvée pour les exercices 
de navigation et de pelage de membrane épirétinienne,  mais sur l’une des premières versions 
du simulateur qui ne possédait pas encore le système de notation perfectionné qui existe à 
l’heure actuelle (7). Récemment, Vergmann et al. (8) a mis au point un programme 
d’entraînement qui a démontré une validité de construction pour le score total mais seulement 
pour 4 modules parmi les 6 testés.  

Le but de notre étude est d’évaluer la validité de construction de différents exercices du 
module de chirurgie vitréo-rétinienne qui n’ont encore jamais été testés, afin de déterminer 
quels sont ceux qui mériteraient d’être inclus dans un programme d’entrainement futur.  
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I. Abstract 

 

Purpose: To investigate the validity of vitreoretinal modules never tested on the Eyesi 
surgical simulator. 

Methods: Fifteen residents with no vitreoretinal experience and six trained vitreoretinal 
surgeons were included in the study. Four modules were selected in agreement with an 
experienced surgeon: the navigation (Nav), forceps (For), vitrector (Vit) and epiretinal 
membrane (ERM) peeling modules. The first level of the basic training modules (Nav1 and 
For1) and the two first levels of the more procedural modules (Vit1, Vit2, ERM1 and ERM2) 
were completed twice by both groups in the above order. Performance parameters for each 
task were calculated by the simulator software. The results from both iterations were recorded 
for analysis. 

Results: Experienced vitreoretinal surgeons outperformed residents with regard to overall 
score on Nav1 (p=0.01), For1 (p<0.01), ERM1 (p=0.02) and ERM2 (p=0.04) modules. No 
differences in overall score were found between the two groups on Vit1 (p=0.17) and Vit2 
modules (p=0.26). 

Conclusion: Validity for the simulator metrics was found on four vitreoretinal modules not 
previously investigated, with regard to construct validity, content and the response process. 
These exercises could be included in a future training program that could potentially be 
applied into the standard ophthalmological curriculum. 

 

  



28 
 

II. Introduction 

 

Vitreoretinal surgery is technically challenging and requires many years of training to 
assimilate the required skills. Wet laboratory and virtual-reality simulation training provide a 
safe environment for novice surgeons to practice without risk for the patient. Several studies 
have shown that both methods shortened the learning curve, improved surgery performance 
and decreased morbidity (1–5) .  

The Eyesi Surgical Simulator (VRmagic, Mannheim, Germany) is the predominant 
simulator used for training in both cataract and vitreoretinal surgery (6). It consists of many 
abstract and procedural training modules with increasing levels of difficulty and has the 
advantage over wet laboratory training of providing an objective assessment of skills (7). 

Cataract surgery training has been widely investigated on the EyeSi Surgical 
Simulator. Construct validity, i.e., the ability to differentiate between novices’ and 
experienced surgeons’ performance, has been demonstrated in a number of modules (6) (8) 
(9), and training programs have subsequently been proposed based on these findings (10) 
(11). In addition, several authors noted that technical skill improvement was transferable from 
a simulated setting to the operating room (2) (4) (12), with a high correlation between 
performance on the virtual-reality simulator and real-life surgical performance (13).  

However, only a few studies have tested the vitreoretinal modules on the EyeSi 
Surgical Simulator. The navigation and the epiretinal membrane peeling modules were 
evaluated in a pilot study using the first version of the simulator (14). Both of them were able 
to distinguish between different levels of expertise but evaluation criteria were different from 
those currently used (14). Recently, Vergmann et al. (15) developed a training program that 
demonstrated validity for the overall score but for only four out of the six modules included.  

In the literature review of technology-enhanced simulation-based assessments, Cook et 
al. (16,17) showed that, of all the validity evidence sources, construct validity was by far the 
most common evidence element addressed in studies. Therefore, it seems essential to design a 
well-suited program based only on modules with discriminative ability proven earlier to be 
effective. 

The aim of this study was to evaluate the validity of vitreoretinal modules that have 
not been tested to date and to determine those that could be incorporated into a training 
program. 
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III. Methods 

 

Subjects and design 

The trial was designed as a prospective controlled interventional study. It was 
conducted from February to November 2016 at the Nancy School of Surgery (Faculty of 
Medicine, University of Lorraine). 

Two groups of participants were defined based on surgical experience: novices (group 
1) and experienced vitreoretinal surgeons (group 2). Group 1 consisted of residents without 
any vitreoretinal experience and group 2 of surgeons with at least 1 year of real-life 
vitreoretinal surgery experience. 

We included 15 ophthalmology residents from Nancy University Hospital with clinical 
experience ranging from 0 months to 2 years, in group 1. In group 2, we included six surgeons 
from the Department of Ophthalmology or private clinics in Nancy, with vitreoretinal 
experience between 1 and 33 years.  

Nine of the 15 residents and the six vitreoretinal surgeons had previous experience 
with cataract simulation but none with vitreoretinal simulation. 

Both groups voluntarily participated and signed informed consent prior to the trial.  

The study adhered to the tenets of the Declaration of Helsinki. The Ethics Committee 
of the French Society of Ophthalmology ruled that approval was not required for this study. 

 

The EyeSi Surgical Simulator 

The vitreoretinal interface on the EyeSi simulator (VRmagic, software version 2.4) 
was used for the study. The platform includes a virtual microscope that generates a binocular 
image and requires users to pan, zoom and focus with a foot-pedal control as with a real 
operating microscope. It also includes a mannequin with a model eye that can appropriately 
swivel and rotate when manipulated as well as three handheld probes designed to emulate 
various surgical instruments. 

The simulator offers several different modules consisting of both abstract and more 
reality-based exercises. For each module, several levels with increasing difficulty are 
available. The simulator software calculates a performance score for each level, based on five 
criteria: target achievement, efficiency, instrument handling, microscope handling and tissue 
treatment (Annex 1). A maximum total of 100 points can be achieved and points are deducted 
for each error that occurs. Tissue injuries are the most severely punished mistakes. 
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We tested modules that had never been investigated or that had not yet demonstrated 
construct validity. Two basic modules (navigation and forceps training) and two more specific 
(vitrector and epiretinal membrane peeling) modules were included. Difficulty levels for each 
module were selected in agreement with an experienced vitreoretinal surgeon so that the tasks 
would be as close as possible to real-life surgery. The first level was chosen for the basic 
training modules and the first two levels for the vitrector and the epiretinal membrane peeling 
modules.  

Overall, the modules included were: navigation training level 1 (Nav1), forceps 
training level 1 (For1), vitrector training levels 1 (Vit1) and 2 (Vit2), and epiretinal membrane 
peeling levels 1 (ERM1) and 2 (ERM2). A detailed description of each task is given in Annex 
2. 

All participants were orally instructed in a standardized manner based on a written 
document and were supervised by the same investigator. All tasks were performed twice 
during a single 60-min session in the above-given order, preceded by 15 min of 
familiarization with the simulator. The results from both iterations were recorded. 
 

Statistical analysis 

Statistical Analysis System v9.4 was used for statistical analysis. The Kruskall-Wallis 
test was carried out to analyze differences in performance between the groups. The Wilcoxon 
signed-rank test and the Fisher test were used to test the difference within the groups. Results 
from the second iteration and from the first iteration were used in the intergroup and 
intragroup analysis, respectively. Statistical significance was set at p<0.05.  
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IV. Results 

 

Twenty-one participants were included in this study, 15 residents and six vitreoretinal 
surgeons. 

Intergroup comparison  

The performance results for each module from the second iteration according to 
surgical experience are shown in Table 1. 

Experienced surgeons achieved significantly higher median scores than novices in four 
modules: Nav1 (71.5 versus 52.0, p=0.01), For1 (96.0 versus 0.0, p<0.01), ERM1 (96.5 
versus 36.0, p=0.02) and ERM2 (98.0 versus 76.0, p=0.04). Differences between the two 
groups were related to instrument handling (p=0.02) in Nav1 module and to tissue treatment 
in the For1 (p<0.01), ERM1 (p<0.01) and ERM2 (p=0.02) modules. 

There was no difference between the two groups for the Vit1 (99.0 versus 99.0, 
p=0.17) and Vit2 (98.5 versus 97.0, p=0.26) modules. 

 

Intragroup comparison  

Performance results for each module from the first and second iterations are 
summarized in Table 2. 

Experienced surgeons slightly improved or achieved similar scores in all modules 
(Nav1, p=0.22; For1, p=0.09; Vit1, p=0.12; Vit2, p=0.56; ERM1, p=0.69 and ERM2, p=0.50) 
while novices in only four out of six modules (Nav1, p=0.15; For1, p=0.43; Vit1, p=0.27 and 
Vit2, p=0.16). 
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V. Discussion 

 

We found that experienced vitreoretinal surgeons performed better than residents for 
four out of six modules, thereby proving their construct validity. These findings are 
concordant with those of previous studies that demonstrated the validity of the EyeSi Surgical 
Simulator as a training and assessment tool in vitreoretinal surgery (14,15). 

In this study we sought to evaluate modules that had never been tested or 
demonstrated their validity and to determine those that could be included in a future training 
program with the rationale that simulator training is most successful if included in a 
systematic curriculum(3,18). These modules were chosen in agreement with an experienced 
vitreoretinal surgeon and were based on their realism and their pedagogical value. 

Two basic training modules (navigation and forceps modules) were selected to train 
manual dexterity and to become familiar with the dimension of the intravitreal space. For this 
reason, we only tested the first level of these modules. In contrast, the two other modules 
(vitrector and epiretinal membrane peeling modules) were chosen to more directly train and 
perform movements used in real-life surgery. As they represent crucial steps in vitreoretinal 
surgery, we investigated two levels in these modules to ensure the validity and reliability of 
the results. 

The Nav1 module was able to discriminate trained surgeons from novices. This mainly 
stemmed from better instrument handling and confirmed the findings of two previous studies 
(14,15). Indeed, trained surgeons are more used to handling microscopic instruments and 
therefore make more accurate movements than novices, as Vergmann et al. and Solverson et 
al. previously mentioned (3,15). Furthermore, Smith et al., in their computer vision-based 
evaluation of cataract surgery, had already found that experts used a shorter path length and 
fewer movements to complete a procedure (19). 

Contrary to the Vergmann et al. study, the For1 module was also able to differentiate 
experienced surgeons from residents despite a lower level of difficulty (15). These discrepant 
results may be explained by the lesser experience of the residents included in our trial 
(ranging from 0 months to 2 years versus 3 months to 5 years for Vergmann). Moreover, 
Vergmann et al. did not find any differences when comparing the performance of three groups 
with different levels of experience (medical students, residents and trained surgeons) (15). 
However, the difference reached significance when considering only the two extreme groups. 
We believe that this module serves as a robust task to train ophthalmologic surgeons to 
navigate and perform manipulations in the vitreous space while avoiding frequent error 
events. Thus, the difference between the two groups was mainly related to tissue treatment, 
because surgeons are more used to working in this environment with safety in mind. These 
results suggest that the For1 module is primarily designed for younger residents and should be 
incorporated into a training program. 



33 
 

Likewise, the ERM module showed significant differences regarding overall score 
between the two groups for both levels, which provides strong evidence of its construct 
validity and its place in the training curriculum. Rossi et al. had previously looked into the 
discriminative ability of this module, but performance was assessed from only two elements 
(i.e., completion time and number of retinal contacts) and the level of difficulty was not 
specified (14). They found that experienced surgeons outperformed novices regarding these 
two criteria (14). In the present study, we found similar results with more damaged tissue in 
the novice group compared to the trained group. This may be explained by the fact that this 
module requires the most accurate skills and places the subject in a realistic situation, in 
which stress and time may influence precision of movement. These findings further support 
the argument for considering a surgical simulator as a training tool before moving on to in 

vivo surgery. Several studies have already mentioned the value of repetitive training in 
improving performance (2,4,10,12,20,21). In cataract surgery, Berqvist et al. observed fewer 
complications and a higher level of skills with more training sessions while Thomsen et al. 
found that real-life performance was significantly improved after proficiency-based training 
on the EyeSi Surgical Simulator (10,12). Similarly, in vitreoretinal surgery, Deuchler et al. 
showed a beneficial effect of warm-up training on subsequent performance in the operating 
room for both novice and experienced surgeons (20). 

In contrast, there was no difference between the two groups for both levels of the 
vitrector module, although all results showed a trend toward higher scores in the experienced 
group. This could be explained by the scoring system, which was mainly based on completion 
time and tissue treatment. Instrument handling was not considered in this module and 
therefore the lack of precision was not sanctioned. Given the results of the Nav1 module, we 
could have expected greater differences between the two groups if this factor had been taken 
into account. 

Before it can be used as a training tool, a simulator has to demonstrate validity 
evidence. There are several sources of validity in the current evidence-oriented framework, 
but as Cook et al. mentioned in their literature review, the most common element of evidence 
is relations with a learner characteristic (association with training level), addressed in nearly 
75% of studies examining technology-enhanced simulation-based assessment (17). This 
evidence source was found in our study, as experienced surgeons performed better than 
novices in four of the six modules selected. Two other sources were also present: content 
(degree to which a test measures what it is intended to measure) and response process 
(evidence of data integrity such that all sources of error associated with the test are controlled 
or eliminated). Content evidence was found given that all modules were selected in agreement 
with an expert surgeon. Response process evidence was partly fulfilled by considering only 
the results from the second iteration for analysis. Moreover, all sessions were preceded by 15 
min of familiarization and supervised by the same investigator, thus providing a standardized 
instruction. We assume these measures help reduce errors related to a misunderstanding of the 
tasks or a misuse of the simulator. 
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Contrary to previous studies, we did not highlight a significant improvement in 
module scores from the first to second iteration for the residents (10,11,15,22,23). This 
discrepancy may be explained by differences in the study set-up. Indeed, most studies 
reporting an improvement after a repetitive training program, investigated performance at two 
or more separate sessions (10,15,23). In our trial, all modules were carried out during a single 
session and both fatigue and loss of concentration over time may have affected residents’ 
performance, as demonstrated by the lower scores of the last tasks. This may be considered as 
a limitation, but this study was not designed to evaluate the learning curve and additional 
studies are therefore required to investigate this point further. Nonetheless, this finding 
suggests that several short sessions are probably more effective than a single one with a 
longer time.  

Another limitation of the present study was the low number of residents and surgeons. 
We were not able to recruit more participants, especially experienced vitreoretinal surgeons, 
who are very few in numbers in our department. However, significant differences could be 
found for several parameters despite the low number of attendees. 

In this study, we have demonstrated validity evidence for the EyeSi Surgical Simulator 
metrics on four modules that had never been investigated. We suggest these modules could be 
included in a future training program. Further studies are needed to validate such a program 
and then to establish a proficiency-based test that ensures that novices are sufficiently 
qualified before moving on to the operating room. 
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Annexes 

Annex 1: Vitreoretinal module assessment score 

 Nav1 For1 Vit1/2  ERM 1/2  

Target achievement 
   -removed membrane 
 

+ + + + 
+ 

Efficiency 
   -time 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

Instrument handling 
   -inserted or removed open forceps 
   -operating outside light cone 
   -operating without light probe 
   -odometer 
   -instrument slipped out of sphere 

+ 
 
 
 

+ 
+ 

+ 
+ 
+ 
+ 

- + 

Microscope handling + + - - 

Tissue treatment 
   -injured macula area 
   -injured retina (extramacular) area 
   -macular spotted hemorrhages 
   -spotted hemorrhages 
   -injured lens area 
   -phototoxicity 
   -intraocular pressure too high or too low 
   -vitrector suction on retina 
   -retina holes outside arcades 
   -unstabilized retinal holes (outsides 
arcades) 

+ + + + 

 

+ indicates that this element was considered in the module assessment score, - indicates that 
this element was not considered in the module assessment score.  

Nav1 = navigation module level 1, For1 = forceps module level 1, Vit1 and vit2 = vitrector 
module levels 1 and 2, ERM 1 and 2 = epiretinal membrane peeling module levels 1 and 2 
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Annex 2: Description of the modules 

Navigation training 1 

Several red spheres are arranged in the vitreous. The trainee inserts the needle and a light 
source into the eye and inserts the tip of the needle into a sphere until the sphere turns green.  

Training goals: train manual dexterity/get used to working in the light cone/understand the 
dimension of the intravitreal space 

Forceps training 1 

A block and a tube shape are arranged in the vitreous. The trainee uses the forceps to grasp 
the block and move it to insert it into the tube shape. 

Training goals: get used to handling the forceps/learn how to perform accurate instrument 
movements/improve hand–eye coordination 

Vitrector training 1 

Several spheres are arranged in the vitreous and in the periphery. The trainee uses the 
vitrector to remove the spheres from the eyes. The spheres are distant from the retina.  

Training goals: train handling of the vitrector/practice adjusting the OR matching 
settings/learn the effects of different vacuum and cut rates 

Vitrector training 2 

This is the same exercise as vitrector level 1 except that some spheres are very close to the 
retina  

Epiretinal membrane level 1 

A fine, white epiretinal membrane covers the retina. The trainee removes the epiretinal 
membrane using the forceps and uses the vitrector to remove floating membrane parts.  

Training goals: learn to manipulate membranes/practice peeling epiretinal membranes/control 
vacuum and cut rate with the OR machine. 

Epiretinal membrane level 2 

This is the same exercise as the epiretinal membrane level 1, but in this exercise the 
membrane contains strong punctual adhesions. 
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Table 1: Intergroup comparison: scores of residents versus trained surgeons 

 Group 1 (residents) Group 2 (surgeons) p-value 
Nav1  
Median (range) 
 
Instrument handling (%) 
   Average 
   Poor 
   Failing 

 
52.0 (0.0–67.0) 

 
 

0.0 
13.3 
86.7 

 
71.5 (54.0–87.0) 

 
 

50.0 
0.0 

50.0 

 
0.01* 

 
0.02** 

 

For1 
Median (range) 
 
Tissue treatment (%) 
   Excellent 
   Good 
   Average 
   Poor 
   Failing 

 
0.0 (0.0–99.0) 

 
 

20.0 
0.0 

13.3 
6.7 

60.0 

 
96.0 (84.0–100.0) 

 
 

83.3 
16.7 
0.0 
0.0 
0.0 

 
<0.01* 

 
<0.01** 

Vit1 
Median (range) 

 
99.0 (71.0–100.0) 

 
99.0 (98.0–100.0) 

 
0.17 

Vit2 
Median (range) 

 
97.0 (46.0–100.0) 

 
98.5 (77.0–99.0) 

 
0.26 

ERM1 
Median (range) 
 
Tissue treatment (%) 
   Excellent 
   Good 
   Average 
   Poor 
   Failing 

 
36.0 (0.0–100.0) 

 
 

20.0 
0.0 

13.3 
13.3 
53.3 

 
96.5 (85.0–100.0) 

 
 

66.7 
33.3 
0.0 
0.0 
0.0 

 
0.02* 

 
<0.01** 

ERM2 
Median (range) 
 
Tissue treatment (%) 
   Excellent 
   Good 
   Average 
   Poor 
   Failing 

 
76.0 (0.0–100.0) 

 
 

20.0 
13.3 
13.3 
13.3 
40.0 

 
98.0 (96.0–100.0) 

 
 

100.0 
0.0 
0.0 
0.0 
0.0 

 
0.04* 

 
0.02** 

Data represent the median scores for each module according to surgical experience. 
Discriminative criteria were mentioned in case of a statistically significant difference 

* Statistically significant using Kruskall-Wallis test 

** Statistically significant using Fisher test for qualitative variables, Wilcoxon test for 
quantitative variables 

Nav1 = navigation module level 1, For1 = forceps module level 1, Vit1 and vit2 = vitrector 
module levels 1 and 2, ERM 1 and 2 = epiretinal membrane peeling module levels 1 and 2 
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Table 2: Intragroup comparison between the two attempts, for residents and trained surgeons. 

 Group 1 (residents) Group 2 (surgeons) 
Attempt 1 

Median(range) 
Attempt 2 

Median(range) 
p-

value 
Attempt 1 

Median(range) 
Attempt 2 

Median(range) 
p-
value 

Nav1 45.0 (6.0–
65.0) 

52.0 (0.0–
67.0) 

0.15 57.5 (47.0–
78.0) 

71.5 (54.0–
87.0) 

0.22 

For1 0.0 (0.0–98.0) 0.0 (0.0–99.0) 0.43 56.0 (0.0–
98.0) 

96.0 (84.0–
100.0) 

0.09 

Vit1 97.0 (73.0-
99.0) 

99.0 (71.0–
100.0) 

0.27 98.0 (95.0–
100.0) 

99.0 (98.0–
100.0) 

0.12 

Vit2 95.0 (38.0–
99.0) 

97.0 (46.0–
100.0) 

0.16 98.0 (93.0–
99.0) 

98.5 (77.0–
99.0) 

0.56 

ERM1 42.0 (0.0–
98.0) 

36.0 (0.0–
100.0) 

0.95 95.5 (82.0–
100.0) 

96.5 (85.0–
100.0) 

0.69 

ERM2 77.0 (0.0–
100.0) 

76.0 (0.0–
100.0) 

0.63 98.0 (29.0–
98.0) 

98.0 (96.0–
100.0) 

0.50 

 

Data represent the median scores of the two attempts for both groups. 

Nav1 = navigation module level 1, For1 = forceps module level 1, Vit1 and vit2 = vitrector 
module levels 1 and 2, ERM 1 and 2 = epiretinal membrane peeling module levels 1 and 2 
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Conclusion générale 

  

Nous avons donc prouvé la validité de quatre modules de chirurgie vitréorétinienne du 
simulateur EyeSi. Des études ultérieures pourraient permettre de valider des programmes 
d’entrainement contenant différents modules de difficulté croissante, ajustables au niveau de 
chaque interne. La chirurgie vitréorétinienne est extrêmement difficile en raison de la 
précision et la minutie qu’elle exige, et la moindre erreur peut être grevée de conséquences 
lourdes en engageant le pronostic visuel du patient. S’entrainer de manière virtuelle et être 
contraint d’obtenir un score minimal sur différents modules avant d’être autorisé à intervenir 
au bloc opératoire semble être, à l’heure actuelle, une pratique responsable et sécurisante. 
Certains pays, comme les Etats-Unis, ont déjà intégré la simulation chirurgicale dans le 
programme de formation et d’évaluation des internes. L’idée serait intéressante en France, 
mais il faudrait élargir l’accès aux internes à ces machines extrêmement coûteuses.  

  



42 
 

 
 
 
 
 
 
 
 

VU 
 

NANCY,  le   1er mars 2018 NANCY, le 09 mars 2018 

Le Président de Thèse Pour le Doyen de la 
Faculté de Médecine Le 
Vice-Doyen, 

 
Professeur Karine ANGIOI                                   Professeur Marc DEBOUVERIE 

 
 
 
 
 
 
 

AUTORISE À SOUTENIR ET À IMPRIMER LA THÈSE/ 10207 
 

NANCY, le 15 mars 2018 

 
LE PRÉSIDENT DE L’UNIVERSITÉ DE LORRAINE, 

 
 
 

Pierre MUTZENHARDT 
 

  



RESUME 
 

Introduction : Le but de notre étude est de tester la capacité du simulateur EyeSi à 

discriminer les chirurgiens novices des chirurgiens expérimentés lors de la réalisation des 

exercices de 4 modules de formation à la chirurgie vitréo-rétinienne, afin de confirmer sa 

validité de construction pour ceux-ci.  

Matériel et Méthodes : Nous avons inclus 21 participants répartis en 2 groupes : les « 

internes » (15 internes sans expérience chirurgicale vitréo-rétinienne) et les « experts » (6 

chirurgiens vitréo-rétiniens confirmés). Nous avons sélectionné 4 modules d’entrainement du 

simulateur : navigation, forceps, vitrectomie et pelage de membrane épirétinienne. Seul le 

niveau 1 a été testé pour les modules « navigation » et « forceps » (Nav1 et For1), et les 2 

premiers niveaux ont été testés pour les modules « vitrectomie » et « pelage de membrane 

épirétinienne » (Vit1, Vit2, MER1 et MER2). Deux essais ont été réalisés par exercice, et 

seuls les résultats du deuxième ont été pris en compte pour l’analyse statistique.  

Résultats : Les experts ont obtenu des scores médians significativement supérieurs à ceux des 

novices dans les exercices Nav1 (71,5 versus 52,0 ; p=0,01), For1 (96,0 vs 0,0 ; p<0,01), 

MER1 (96,5 versus 36,0 ; p=0,02) et MER2 (98,0 versus 76,0 ; p<0,05). Aucune différence 

n’a été mise en évidence pour les exercices Vit1 (p=0,17) et Vit2 (p=0,26). 

Conclusion : Cette étude démontre la validité de construction du simulateur EyeSi pour 4 

exercices du module de chirurgie vitréo-rétinienne. Ces exercices devront être considérés dans 

le programme d’enseignement chirurgical type pour la formation des internes 

d’ophtalmologie. Cette formation sur simulateur pourrait alors être une étape obligatoire avant 

d’autoriser l’accès au bloc opératoire aux internes. 
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