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In recent years, the medical community has benefited
from technological advances that simulate surgical
environments. Ophthalmologists now have access to
commercially available virtual reality systems, including
the Eyesi Ophthalmic Surgical Simulator (VRMagic,
Mannheim, Germany). Fig (1)
The ophthalmic training system is based at the Mayo
Clinic’s Multidisciplinary Simulation Center

(www.mayo.edu/simulationcenter), a 10,000-square
foot clinical training facility dedicated to simulationbased clinical education and research.
Gone are the days when residents first learned the basics
of handling intraocular instruments and a surgical
microscope in the OR or a variable wet lab environment.
Instead, they now complete a structured curriculum
that combines one-on-one instruction and independent
study with the Eyesi simulator. Instructors create
courses that residents repeat and practice until they
achieve passing scores. The surgeons-in-training then
advance to the Eyesi system’s higher levels of difficulty
until they master all of the simulator’s training tasks.
Residents are enthusiastic about the technology and
its constant availability (24 hours a day, 7 days a week)
(Fig 2).
In studies, the Eyesi Ophthalmic Surgical Simulator
demonstrated construct validity (the ability to reliably
distinguish between novice and expert surgeons) for
training tasks in the posterior and anterior segments2, 3.
The device’s stereoscopic view and foot-pedal controls
are excellent proxies for the “real” environment of
cataract surgery.

Fig. 1: The Eyesi: Ophthalmic Virtual Reality Surgical
Simulator.
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VRMagic originally developed the Eyesi system to
simulate vitreoretinal surgery. Recently, however, the
company added a training module for the anterior
segment (Figure 1). In addition to simulating the use
of forceps, precise navigational tasks, the capsulorhexis
formation, and phacoemulsification, the Eyesi’s anterior
segment module evaluates the user’s performance and
measures instructor-defined, standardized surgical
tasks in a virtual environment 1.
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Using the anterior segment training module and the
built-in forceps tool, residents learn how to manipulate
instruments in the eye, pivot them at the wound, and
avoid inadvertently injuring the cornea or crystalline
lens. The simulator’s scoring system rewards users for
the efficiency of their intraocular manipulations and
the precision with which they complete their tasks. The
capsulorhexis training module is actually more
challenging than “the real thing,” an acceptable and
desirable quality for a surgical training system.
The posterior segment training modules simulate the
manipulation of forceps, the precise movement of
instruments in the posterior segment, antitremor
training/control, and procedures such as vitrectomy,
epiretinal membrane peeling, and internal limiting
membrane peeling. The Eyesi’s retinal simulations can
“suspend reality” quite effectively. For example,
inexperienced surgeons become so engrossed in
virtually peeling an epiretinal membrane that they
actually start sweating.
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Surgical training content for EYESi is organized in
software modules. Training is available for cataract and
vitreoretinal surgery. The ever expanding menu of
surgical modules now offers procedures like
Capsulorhexis and Phaco-emulsification or Posterior
Hyaloid Detachment and ILM Peeling. Each training
module includes various tasks with increasing difficulty
levels.
As EYESi is designed to integrate into a residency
program curriculum the system allows for
customisation. Therefore medical educators can create
courses from the assorted modules and levels of
complexity that exist within the surgical training
modules.
The ability to define training content ensures medical
educators can set up individual curricula to meet the
needs of the trainee relative to the trainee’s current

Hands-on experience in traditional surgical wet labs is
still the gold standard for training residents to perform
corneal and scleral suturing techniques. Currently
available surgical simulators do not attempt to replace
the experience of working with real cadaveric eyes.
Instead, the simulator provides a realistic, repeatable,
and measurable intraocular surgical environment that
is difficult to duplicate in the traditional wet lab setting.
The Eyesi’s on/off setup eliminates the significant time
and effort typically involved in preparing and
dismantling a wet lab. In addition, the surgical
simulator measures and documents the user’s efforts
and performance.
Depending on which module is used during a training
session, the system tracks and scores up to 74 different
performance variables (Table 1). The Eyesi’s screen
displays the data for each trial, which can also be
summarized and graphed at the end of each simulated
surgical session or exported to a spreadsheet program
for statistical analysis. By allowing residents to
repeatedly perform standardized tasks and measuring
their performance in a realistic environment, the Eyesi
system helps us train surgeons to perform cataract
surgery safely and competently without putting patients
at risk.

Fig. 2. An Eyesi training session in progress.
stage of skill and experience. Thus dedicated courses
can use easy or difficult levels from the selected training
modules so that both novices and advanced trainees
can refine their skill level.
EYESi provides the medical educator with detailed user
and group management so that a course can be assigned
to an individual trainee or groups of trainees.
After courses are build and integrated into the residency
curriculum a medical educator would logically want to
monitor each trainee’s development. EYESi offers
detailed performance evaluation and all data for a
trainee can be exported via USB as user friendly spread
sheets or graphs.
To further support medical educators EYESi offers a
recorder playback functionality so that an instructor
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explore the effects of parameter changes. In practical
terms this means a trainee can cause unwanted events
like surge and chatter and learn how phaco parameter
adjustments can eliminate these occurrences.

Fig. 3. The Cataract Module
can review any given simulation session and provide
feedback to the trainee. All videos and screenshots can
easily be exported via USB for later use. An identical
curriculum can be used over time to measure the
learning curve or to compare skill levels of students.

EYESi cataract
For training of anterior segment surgery the EYESi
platform is equipped with a cataract surgery interface
which includes a head with a cataract eye interface,
the cataract instrument set, footpedals and the
corresponding system software. The simulation can be
configured easily for superior or temporal access to the
patient’s eye; the cataract eye is prepared for
corresponding incisions.
According to many instructors and trainees, mastery
of the capsulorhexis and phaco-emulsification are
amongst the most difficult steps in cataract surgery. In
a capsulorhexis the main difficulty lies in controlling
the delicate capsule tissue to tear in the desired manner.
Furthermore the trainee must learn this complex manual
skill within a confined space of the anterior chamber.
EYESi cataract offers extensive training of the
capsulorhexis. It even allows for the training of
complications so that trainees master what to do when
the rhexis runs outwards.
In learning to perform phacoemulsification the
challenge rests in understanding and controlling the
complex physics of the phaco device.
The phaco training modules offer a safe environment
to experiement with phaco machine settings and to

A step-by-step approach to the “Divide and Conquer”
technique allows for stress free and lasting acquisition
of the required surgical skills. EYESi also enables a
trainee to now pool all the manual skills together that
make up modern phaco techniques as the simulation
requires coaxial use of instruments, use of the
microscope foot pedal, and modulation of the desired
phaco parameters with a phaco foot pedal.
Table: 1 Performance variables tracked and scored
by the Eyesi System
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
22.
23.
24.

Educational open forceps insertion and removal
Nonhorizontal instrument insertion and removal
Interacting out of focus and light cone
Average radius of capsulorhexis
Decentration and overall irregularity of capsulorhexis
Deviation of capsulorhexis’ radius from target value
Instrument insertions
Remaining aqueous humor
Efficiency Time (after first interaction)
Ultrasonic energy
Viscoelastic injection
Injury Incision stress
Injured cornea and lens area
Lens displacement
Damaged zonular fibers
Iris contact
Anterior chamber pressure too low
Ultrasonic leakage
Emulsification of adjacent cortex
Cornea and capsule damaged by ultrasonic energy
Anterior and posterior capsule torn
Target Remaining objects
Progress
Capsulorhexis completed
Lens cracked/removed

Most medical educators and trainees know that learning
to see through a microscope with both hands and both
feet working all at the same time in a deliberate and
harmonious manner takes considerable practice. EYESi
provides a better way to train for anterior segment
surgery as risk is removed when a patient is eliminated
from the training loop and a trainees can safely practice
critical parts of cataract surgery to mastery.
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EYESi vitreoretinal
For training of posterior segment surgery the EYESi
platform is equipped with the vitreoretinal surgery
interface which consists of a head with the vitreoretinal
eye interface, a vitreoretinal instrument set, foot pedals
and the corresponding system software.
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medical educators to use the system as a complete
training platform.
EYESi’s system software enables medical educators to
seamlessly integrate their own courseware into the
platform. Through the secure administration functions
individual courses can be compiled and complemented
with academic text, still images and high resolution
digital video footage. Powerpoint presentations can be
imported and presented on the graphical user interface
of the EYESi simulator. This allows trainees to study
medical background information and then observe
demonstrations depicting how their mentors perform

Fig. 4. A vitreoretinal training session in progress.
Most everyday realities of microsurgery in the complex
vitreoretinal environment are represented in EYESi.
The EYESi microscope renders a stereoscopic view
identical to the real OR microscope. The trainee is
required to establish suitable visualization via the
microscope foot pedal’s zoom, focus, and X/Y controls.
Experienced retina surgeons know observing the retina
requires a BIOM/ SDI hardware so this too is integrated
into the microscope setup.
Assorted training modules are available for EYESi
vitreoretinal. Training sessions include tasks like
inducing posterior hyaloid detachment and performing
peripheral vitrectomies, peeling the internal limiting
membrane (ILM) or the removal of epiretinal
membranes.
To aid trainees in refining precise manual dexterity skills
associated with vitreoretinal surgery EYESi provides a
virtual surgical instrument tray. In the course of
performing virtual surgery a trainee will use an
illumination probe in their non-dominate hand. As in
real retinal surgery EYESi realistically enables the
surgeon’s dominant hand to alternate between
instruments such as vitrector, endolaser, forceps, scissors
etc.
Trainees acquire expert status during training in a
variety of ways. EYESi therefore was developed to allow

Fig. 5. Macular translocation.
any given procedure. If the goal is teaching the
capsulorhexis a trainee can read about the task, observe
how the task is done, and then complete the task in
virtual reality till mastery of the skill is known to have
been obtained.
With the option to combine the practical surgical
training with multimedia presentations of medical
knowledge EYESi represents the modern way of
teaching surgical skills.

Conclusion
Keeping up to date with the rapid advances and
complexity of modern intraocular surgery is a
challenging but ultimately satisfying and rewarding
endeavor. Surgical simulators based in virtual reality
allow residents to develop and hone their surgical skills
so that they provide patients with the safest and highestquality surgical outcomes possible. Currently, a barrier
to the Eyesi’s broad adoption appears to be the system’s
cost (between $100,000 and $200,000, depending on
optional features and the date of purchase)
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To view a video of a simulated capsulorhexis rescue
performed on the Eyesi Ophthalmic Surgical Simulator,
visit the ESCRS’s Video on Demand Web site at
www.conference2web.com/escrs/Videos or aspx#
VRMagic’s Web site at www.vrmagic.com/downloads/
eyesi/videos/ESCRS%20Mahr.zip

