; The recent growth of
h robotics in the surgical
=Y field has been remarkable.

\m For example, the
da Vinci surgical system
(Intuitive Surgical) was a significant advancement in the
field of urology, and it is now used in many fields, including
gastrointestinal surgery, gynecology, respiratory surgery,
and cardiac surgery.! Some estimate that the global robotic
surgery market will grow approximately four-fold by 2030.2
However, the accuracy of the da Vinci system is reported
to be 1 mm, which is insufficient for vitreoretinal surgery,®
and a robotic system dedicated to vitreoretinal surgery
remains elusive. Researchers have been working on robotics
in the field of ophthalmology since the late 1990s.% Because
vitreoretinal surgery is performed in the very limited space
of the vitreous cavity, delicate and precise procedures are
required. The human hand is also limited in terms of the
agility, tremor cancellation, and precision required for
vitreoretinal surgery. Thus, highly accurate robotic surgery
could be suitable for vitreoretinal surgery.

ROBOTICS RUNDOWN

Current robotic surgery systems in ophthalmology can be
broadly classified as operation systems, operation assistance
systems, or observation systems.®

Operational robots are the most common. Ueta et al
investigated the positioning accuracy of a robotic prototype
for vitrectomy and reported that the system achieved a
positioning accuracy of about 30 um, which is approximately
1/10 to 1/5 of manually conducted accuracy.® In animal
models, the researchers succeeded in creating a posterior
vitreous detachment and retinal vessel micro-cannulation.

Edwards et al conducted a first-in-human study of
remotely controlled robot-assisted retinal surgery using
the PRECEYES surgical system (Carl Zeiss Meditec).” They
found that membrane peeling took longer with a robotic
system than with manual surgery, but they were also able
to perform subretinal injection of recombinant tissue
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Vitreoretinal surgery is entering a new phase with the advent
of robots for observation and manipulation.
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plasminogen activator for subfoveal hemorrhage secondary
to wet AMD.”#

A number of other telemanipulated robotic systems have
been developed that show promise in providing intraocular
dexterity when positioning microstents and grippers and
maneuvering forceps during membrane peeling (with a
precision better than 5 um).?

Several operation assistance systems are under
development, including handheld robotic surgical tools
for controlling tremor, force sensing, and intraocular
dexterity.>'? Researchers are also working on a passive
support robot for ophthalmic surgery, which is a
commercially available system that was customized for
ophthalmic surgery." The robot stabilizes the elbow and
arm, making it possible to perform more stable procedures in
continuous curvilinear capsulorhexis and suturing.

ROBOTS IN THE OR

Although advances in endoscope technology enable
detailed observation of tissues under the iris that cannot be
observed with conventional systems, an endoscope is not a
widely used tool in vitrectomy." This is due, in part, to the
fact that the surgeon must operate it, as the operative field

AT A GLANCE

» Current robotic systems in ophthalmology are
broadly classified as operation systems, operation
assistance systems, or observation systems.

» Several operation assistance systems are under
development, including a robot for controlling tremor
and a passive surgery support robat for ophthalmic
surgery.

» The authors developed an observation rabot to hold

an endoscope, which is approved as a medical device
in Japan.
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Figure. The surgeon operates the endoscope-holding robot using a foot switch while
viewing the endoscope screen.

of ophthalmic surgery is too small for an assistant to hold it.

Based on this unmet need, our team developed an
observation robot (OQrimo, Riverfield) to hold an
endoscope, which was approved as a medical device in
Japan in April (Figure)."> An operator moves the robotically
controlled endoscope with the foot switch, and the robot
is designed with a safety function to withdraw from the eye
when a certain amount of external pressure is applied.

The robot may be useful during surgical scenarios that
warrant a bimanual technique, such as the treatment of
fibrous membranes in proliferative retinopathies, particu-
larly anterior hyaloidal fibrovascular proliferation.

The system is also designed to hold a light pipe, which may
be helpful for illuminating the peripheral retina during cases
of retinal detachment repair. The navigation system shows
the observation area of the endoscope, making it easy to use.

Further clinical utility is under investigation, including
automatic recognition of retinal lesions and instrument
tracking.'* Furthermore, our team is developing an endo-
scope with a 10 mm or 15 mm insertion section (current
models have a 30 mm insertion section) to reduce the risk of
the endoscope coming into contact with the retina.

There are some limitations to this system. First, because
many vitrectomies do not require observation or treatment
of the peripheral retina, there are only a limited number
of cases that require the use of an endoscope. Second, this
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robot does not have insurance coverage, which places a
financial burden on the medical practice. Third, it may be
difficult to add new equipment to a crowded OR. Finally, it
comes with a learning curve and would require a licensing
system similar to other surgical tools.

THE FUTURE

Although this robotic system is helpful, many needs still
exist within vitreoretinal surgery; surgeons continue to
struggle with recurrent macular holes, proliferative diabetic
retinopathy, and proliferative vitreoretinopathy, to name
a few. The advent of intraoperative OCT and 3D heads-up
surgery has enabled more precise surgical intervention, with
the hopes of improving surgical outcomes. In the same way,
robotic surgery may enable new vitreoretinal techniques to
further improve outcomes and preserve patients’ vision. m
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