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Purpose: To develop a prototype robotic system designed to assist vitreoretinal surgery and to evaluate its
accuracy and maneuverability.

Design: Experimental study.

Participants: This study used harvested porcine eyes.

Methods: After development of a prototype robotic system, pointing accuracy tests of the system were
performed on graph paper and in harvested porcine eyes. The average maximal deviation from the aiming point
to the actual position of the tip of the instrument was compared between manually conducted procedures and
those conducted with robotic assistance. The feasibility of creating posterior vitreous detachment (PVD), retinal
vessel sheathotomy (RVS), and retinal vessel microcannulation also were evaluated in porcine eye models, and
the success rates of 4 consecutive attempts for each kind of procedure were evaluated.

Main Outcome Measures: The average maximum deviation in pointing accuracy tests both on graph paper
and in animal eye models was a main outcome measure. The success rate of making PVD, RVS, and retinal
vessel microcannulation was the other primary outcome measure.

Results: The pointing accuracy was superior with robotic assistance both on graph paper (327.0 um vs. 32.3 um) and
in animal eye models (140.8 um vs. 33.5 um). Creating PVD, RVS, and retinal vessel microcannulation was feasible in 4 of
4 attempts, 4 of 4 attempts, and 2 of 4 attempts, respectively. The 2 failures in microcannulation were considered to be the
result of difficulty in visual differentiation between the retinal vessel and retina in harvested porcine eyes.

Conclusions: Improved accuracy and desirable feasibility of a prototype robotic system to assist vitreoreti-
nal surgery were shown in this study. Research for wider implementation of robot-assisted surgery should be
continued; there are some hurdles to overcome.
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For approximately a decade, robot-assisted surgery has been
used on human patients in various surgical fields.!™ Several
studies have reported that its performance was as efficient and
safe as conventional endoscopic surgeries.>®’ Generally re-
ported advantages of robot-assisted surgery are (1) improved
dexterity and accuracy, (2) rapid learning curve, and (3) tele-
surgery.>3~!! However, application of robot-assisted surgery
has been limited mainly to the field of laparoscopic and tho-
racoscopic procedures, and to the authors’ knowledge, robot-
assisted ocular surgery has yet to be performed on a patient.
Vitreoretinal surgery, in particular, procedures where ma-
nipulations of tissues adjacent to retina of the posterior pole are
required, requires some of the most sophisticated skills in
ophthalmic surgery. These delicate surgical procedures are
candidates for the application of robot-assisted surgery because
the improved accuracy and dexterity may lead to better surgi-
cal results as well as fewer surgical complications.
Moreover, to learn these sophisticated procedures re-
quires surgical experience obtained from a large case vol-
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ume over a long period. That is, the availability of such
surgeons who can perform sophisticated procedures at the
desirable level is limited. Robot-assisted surgery can be
helpful because more surgeons can learn difficult surgical
procedures with less surgical experience; that is, there is a
rapid learning curve, which can increase the availability of
high-quality surgical service for patients. Finally, telesur-
gery is an idea with increased availability for difficult sur-
geries. The aim of this study was to develop a prototype
robotic system that performs sophisticated vitreoretinal pro-
cedures and to examine its accuracy and feasibility.

Materials and Methods

Robotic System

The robotic system consisted of the master controller and the slave
manipulator set on different tables in the same experiment room.
The master and slave communicate through real-time computer
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Figure 1. An overview of the robotic system. The master and slave system communicated with real-time computer systems (operating system, VX Works
by Wind River Systems, Alameda, CA) through the local area network. In the current study, input to the master system was presented at the slave system
scaled down 40:1. The slave manipulator had 5 degrees of freedom (DOF) for desirable dexterity in the vitreous body. HD = high definition.

systems (operating system, VX Works by Wind River Systems; The micromanipulator of the slave system is designed to move
Alameda, CA) every 10 ms via the local area network. Input to the along a pair of spherical guides (a-axis and f-axis), plus an
master system is presented at the slave system, scaled down 40:1 inserting and pulling axis (y-axis). As shown in Figure 2 (available
to increase the accuracy of the surgical procedures. An overview of at http://aaojournal.org), the range of motion of the manipulator is
the total system is shown in Figure 1. determined by the range of the a-axis, -axis, and y-axis. In the

Figure 4. Creation of posterior vitreous detachment in porcine eye model by the robotic system (Video 6, available at http://aaojournal.org) is shown. Posterior
vitreous detachment was created using triamcinolone acetate. In the harvested porcine eyes, the vitreous attached to the retina more firmly than in the case of
living human eyes. Also, the retina of the harvested porcine eyes loses physiologic force of attachment to the retinal pigment epithelium.
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