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Abstract

Background: Simulation in medicine is an indispensable tool to improve doctors’ responses to different situations, enhancing
their performance. However, simulation in ophthalmology is a very recent trend, mainly because of the high complexity of
developing newer teaching tools, with the need for highly realistic models, mostly in surgical ophthalmic simulation. Discus-
sion: The whole development of simulation in ophthalmology, from the very first attempts that used basic models, to the
newer virtual reality models, allows for a comprehensive, faster, and more efficient development of skills necessary in basic
and advance procedures in ophthalmology, creating a better learning environment, improving costs, and developing a very
promising panorama, in which simulation can be incorporated in teaching programs all around the globe. Conclusions:
Simulation in ophthalmology allows for better results in the formation of ophthalmologists, and it is becoming a new tool to
achieve better results in medical and surgical procedures, thus improving outcomes and quality of care. (Gac Med Mex.

2017;153:102-6)
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The complexity of ophthalmologic surgery makes for
its teaching to be difficult. Simulation is the training that
offers the chance for skills constant practice, while the
trainee gets familiarized with instruments and equip-
ment. Simultaneously, experience is acquired in prob-
lem recognition and decision making, as well as in the
refinement techniques and procedures’. The difference
of medical training with regard to training in other areas
lies in that, usually, the physician must learn under sit-
uations of stress, instead of controlled simulation situa-
tions. In general, simulation in ophthalmology has been
focused on surgical technique training, and little empha-
sis has been put on clinical examination skills, doc-
tor-patient communication and professionalism.
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Although simulation applied to medicine has been
developing and improving over decades?, ophthalmol-
ogy is an area where the incorporation of training sim-
ulators and training on different procedures and sur-
geries started only recently. Most part of studies
available in the literature are relatively recent, and in-
formation available in Spanish language is scarce.

The purpose of this manuscript is to address the
subject of simulation in ophthalmology by reviewing
available studies, analyzing their benefits and ratio-
nales, as well as its incorporation in the training of
ophthalmology residents.

Traditionally, as in many other branches of medicine,
simulation in ophthalmology is focused on interactive
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scenarios or by means of the use of laboratories with
live animal specimens or cadaveric eyes. Basically,
these learning centers or “wetlabs” are found in sepa-
rate rooms of the ORs and require personnel highly
trained on procedures for their teaching. The cost of
these surgical teaching laboratories is high, since they
must have at least one high-definition surgical micro-
scope, a work table and instruments exclusively dedi-
cated for teaching available. However, their major lim-
itation is not on infrastructure cost, but on the need to
have a supervisor (expert surgeon) highly qualified for
the procedures. This is why most training programs in
Mexico, Latin America and the world have limited wet-
labs’ adoption.

For a virtual reality simulator to be able to meet the
necessary requirements for its adoption in ophthalmol-
ogy it has to have very high definition3. Advances in
computing science allow for commercially available
simulators to accurately recreate tissue characteristics
and to simulate the surgical procedure steps almost
entirely.

The use of models and simulators has been reported
in different areas of ophthalmology. Ocular fundus ex-
amination by means of direct and indirect ophthal-
moscopy is one of the skills that can be learned and
practiced using these models, which have been
used by medical students, general practitioners or
specialists in other areas, such as emergency medi-
cine, and ophthalmology residents*?; they have even
been used in the training of family medicine residents
in the detection of diabetic retinopathy®. These models
have shown changes over time, since the ones that
were initially used were made of plastic and had a
photographic slide inserted at the back of each one of
the model's eye, and direct ophthalmoscopy was
practiced, while current models have high resolution
screens and integrated viewers, where a virtual im-
age is shown (Fig. 1). Models for the practice of
minor procedures, such as Nd-YAG laser capsulotomy
for posterior capsule opacification” or for laser appli-
cation on retinal predisposing lesions®, have also been
created.

High-fidelity simulation allows the possibility for most
common and important surgical procedures for the
practice of ophthalmology to be recreated. Cataract
surgery, owing to the complexity of the instruments and
the necessity to learn to simultaneously use the four
limbs under a magnification environment, has a slow
and highly variable learning curve.

To be used in ophthalmology, simulators first have
to be validated by documenting, for example, the

Figure 1. Indirect ophthalmoscopy simulator for the training of ocu-
lar fundus examination.

capacity of the simulator to distinguish between the
performance of an expert surgeon and the perfor-
mance of a novice surgeon on training®1%. Ophthalmol-
ogists with higher experience on microsurgery tech-
nigues have also been shown to display more initial
facility at all skill tests'", and to obtain higher scores in
different teaching modules, such as the performance
of the crystalline anterior capsule incision (capsulor-
hexis)'?. This platform enables novice surgeons to
have constant training for the acquisition of specific
skills. There are several authors, such as Mahr and
Hodge'® and Selvander and Asman'4, who have as-
sessed and validated the training modules at different
phases of cataract surgery (capsulorhexis and crystal-
line fragmentation), as well as ocular microsurgery es-
sential skills (navigation and use of instruments in the
eye anterior chamber and posterior segment).

These simulators also allow for the surgeon perfor-
mance to be assessed on special situations, including
distraction'®, exhaustion'® or use of the non-dominant
hand'. Assessing the effect of these real situation
components in real clinical scenarios results in an eth-
ical dilemma and risk for the patient; therefore, simu-
lation and the results these studies yield allow for the
environment surgeon and patient are in to be modified,
with the purpose to improve the surgeon’s performance
and the quality of care the patient receives.

Currently, there are 3 cataract surgery simulators
that have been assessed: Eyesi (VRmagic), PhacoVi-
sion (Melerit Medical) and MicrovisTouch (Immer-
siveTouch); however, most studies are focused on the
first one of them. Eyesi, originally developed for retina
and vitreous surgery, is the most widely studied de-
vice. The advantages of a virtual reality simulator over
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Figure 2. Cataract surgery simulator.

a wetlab are clear: it is cleaner and does not require
much maintenance and, in addition, allows for exercis-
es to be practiced to be quickly prepared and does
not require an infrastructure to handle animal or hu-
man tissues. Students are positioned the same way
they would in an OR, with a similar microscope and
similar instruments and pedals to those used in prac-
tice (Fig. 2). For a surgeon who is initiating, positioning
him/herself adequately, handling specialized instru-
ments and maneuvering in a reduced surgical field can
be a big challenge. The models include an ocular
model visible through the microscope lenses, with cor-
nea, iris, crystalline and capsule, and in the specific
case of Eyesi, the retina. The produced image is tridi-
mensional and simulates the depth of structures within

the eye. The software allows for the equipment to assess
the instruments’ relative position and provides immedi-
ate feedback to the user in order to notice potential
damage to structures such as the cornea and crystal-
line capsule. In addition, the simulation equipment as-
signs a numeric value to specific tasks (capsulorhexis
and fragmentation) that serve to assess the progress
and performance of the student. A student can repeat
a capsulorhexis procedure, for example, in a wetlab,
a limited number of times due to the available number
of eyes (usually not more than 3), whereas in a simu-
lation session, repetition can be made as many times
as required, which, additionally, is highly comparable
with the real procedure (Fig. 3).

Medical simulation in ophthalmology
training

The learning of ocular microsurgery skills has a spe-
cial chapter in medicine. During the training for gener-
al physician, the student is exposed to and receives
training on general surgery and suture principles to a
greater o lesser extent. Ophthalmic microsurgery re-
quires the simultaneous use of the four limbs and
movements in a magnified surgical field. The learning
curve, usually slow, is an indispensable transition in the
acquisition of knowledge and skills. Therefore, surgical
time and complications are expected (not only in oph-
thalmology) to be greater on the first cases, and con-
tinuous supervision is therefore required''®. The use
of simulators in ophthalmology has great advantages
for doctors and patients, since they reduce the lack of

Figure 3. A: Capsulorhexis procedure in a virtual simulator. B: Capsulorhexis procedure in real surgery.
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training or little experience prior to exposure to real
situations and, hence, they improve the outcomes®.

Simulation technology-improved healthcare profes-
sionals’ training, in comparison with training where no
such intervention is made, was shown in a meta-anal-
ysis to generate important effects on results related to
knowledge, skills and behaviors, as well as in pa-
tient-related outcomes?’. For this reason, as in the rest
of medicine branches, surgical simulation in ophthal-
mology has been gradually introduced in residency
programs?, in an effort to increase training without
exposing patient health. This is why, at the same time,
the need arises to systematically and objectively as-
sess the acquired skills, and today there are multiple
assessment tools?3,

With the purpose to generate overwhelming evi-
dence and demonstrate that simulation should be an
integral part of training in ophthalmology, a global col-
laboration program was created, the International Fo-
rum of Ophthalmic Simulation (IFOS), which has pro-
posed a structured, sequential and supervised
program, and states it can offer significant skills trans-
ference, especially at the earliest stages of surgical
training in ophthalmology?“.

However, owing to the great diversity in training pro-
grams, the moment in ophthalmology programs train-
ing when simulation should be resorted to is not yet
entirely defined, especially in the case of virtual reali-
ty-related simulation. In fact, virtual reality simulation
studies and advantages should be extended to classic
training methods. One study even suggests that teach-
ing a group of residents in the laboratory with animal
specimens did not show differences in any of the as-
sessed variables for capsulorhexis performance in cat-
aract surgery when compared with a simulator-trained
group, although it concludes stating that the ideal is
the combination of both trainings in an ophthalmology
academic program?®.

Owing to its good visual results, immediate rehabili-
tation and little complications, cataract surgery by
means of phacoemulsification is the technique of
choice. Its success depends largely on time, on the
magnitude of ultrasonic energy and on fluid exchange,
which are directly related to surgery duration. Several
authors have demonstrated that residents who were
trained using virtual reality simulator had shorter surgi-
cal times, less energy used, less intraoperative com-
plications and, therefore, a less steep learning curve?®,
which suggests that the incorporation of a formal pro-
gram of simulation-based training may reduce unnec-
essary risk for complications in real patients®’.

The advantages of including simulation-based train-
ing in a residency program include accelerated learn-
ing, benefits for training programs and trainers and,
most importantly, better patient outcomes. Feedback
is one of the most important characteristics of simula-
tion-based medical education, since in addition to the
capability of simulators to inform on immediate perfor-
mance, educators’ support allows for the desired learn-
ing objectives to be adapted®®. Simulators provide
objective evidence on performance by incorporating
follow-up functions and improving performance evalu-
ation, in addition to being able to measure reproduc-
ibility and repeatability?®.

Furthermore, there is a wide range in the reduction
of costs related to OR time use between residency
programs, which entails greater benefit for those larg-
er programs with higher number of residents®.

Surgery requires physical and cognitive skills coor-
dination to successfully carry out complex procedures.
In spite of reading the procedure, assisting in surgery
and watching instruction videos, students generally
have not formed a complete mental map of each pro-
cedure that includes all the components of a surgery
and the small steps and details that are required. Their
understanding is usually fragile, and the decision mak-
ing process and the mood change when a step is not
carried out just as imagined. Virtual reality-based sim-
ulation allows for costs and complications of failure to
be eliminated, while offering the chance to learn in
such a way that the resident develops more sophisti-
cated and flexible skills and knowledge. Simulation can
be used to isolate the surgical skills cognitive process
from the physical process and, therefore, reduce emo-
tional and cognitive load. Simulated patients can be
especially designed for the student to focus on areas
of the procedure where more mistakes are commonly
made, without the need to make them, and receive
feedback with expert comments on the best way to
solve them.

Conclusion

Simulation in ophthalmology is a novel process that
has been shown to be effective and that promises to
be part of the future of ophthalmologists training pro-
grams in the entire world. It should always walk hand
in hand with patient personalized care, which is irre-
placeable. It is a cost-effective tool for the training of
specialized physicians that looks for, as everything in
a physician’s training, the greatest possible benefit for
the patient.
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