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The future of surgery is
likely human and robotic
collaboration.

n 1921, a play by an intellectual named Karel Capek

premiered in Prague that was titled R.U.R,, which translates

to Rossum’s Universal Robots. The work originated the

concept of robots, which was derived from the Czech

word robota, meaning forced labor. The play tells a now
common story of robotic individuals oppressed into slavery
by mankind." The future of robots, however, appears to be
much brighter than Capek's tale.

Robotics has been used to advance minimally invasive
techniques in the fields of cardiac surgery, gastroenterology,
gynecology, plastic reconstructive surgery, otolaryngology,
neurosurgery, vascular surgery, hand surgery, and peripheral
nerve surgery.”> In oncologic surgery, transoral robotic
surgery has been shown to deliver superior outcomes
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compared to conventional open surgery for head and neck cancers.® The advances in other fields of surgery
notwithstanding, robot-assisted eye surgery has yet to gain traction.

Unlike other surgical specialties, a microscope is required for most procedures in ophthalmology.
Ophthalmology is therefore a high-precision microsurgical specialty, often challenging an ophthalmologist’s
physical abilities. Additionally, the tissues involved in some ophthalmic surgeries are so delicate that
their resistance and the forces needed to manipulate them can be below the human threshold for
tactile perception.” Of note, vitreoretinal surgeons have a physiologic tremor amplitude of 156 pm.®°
Microstructures such as Schlemm canal and macular holes have diameters of 100 to 200 pm.'®"" Ophthalmic
procedures require great skill to perform owing to the physiologic boundaries of the eye and the limitations
of spatial resolution and depth perception for adequate tissue plane assessment.'

For some surgeons, procedures such as MIGS pose too high a barrier for entry, prompting them to forego
their implementation. Robotics holds promise for ophthalmic surgeons to overcome these barriers.

A FOCUS ON STABILIZATION
Robotics has focused on identifying and neutralizing surgeon tremor."
In 2020, a group in Japan described an in vitro procedure on porcine eyes

with mechanical assistance from a freely movable arm device developed “ RUhU’“C Systems huve

by automobile robotics maker Denso. The Intelligent Arm Support System

(iIArmS) is essentially a smart armrest that stabilizes the surgeon’s hands mude S'g mﬁcu nt St”des

during surgery.™

The da Vinci Surgical System (Intuitive Surgical), the first robotic surgical |n en h an Cmg Uphthu I m|c

system to be commercialized, was a natural choice for early attempts

at robot-assisted ophthalmic surgery. It was used to perform a variety surgenes over the pust

of surface procedures, including penetrating keratoplasty, strabismus

surgery, amniotic membrane transplantation, and in vivo pterygium 2 dECUdES, prmmsmg u future

surgery. Cataract surgery was also demonstrated on a synthetic open-sky

eye model. 15 of collaborative human-robot

The studies were encouraging but humbling, revealing that the journey
to a robotic surgical-assistive device for intraocular surgery would be long. SU rg":ul pmcedu [es.
As a result of three specific design limitations, the da Vinci is not suitable for
intraocular ophthalmic interventions.

» No. 1. The system uses an endoscope for visualization while the surgeon
sits outside the sterile field in a cockpit housing the remote controls. The
endoscope has been reduced in size to 8 mm, but this is far too large to
facilitate intraocular surgery.”!

» No. 2. The remote positioning of the surgeon from the sterile field and the surgical system'’s large
footprint prohibit the use of an operating microscope for intraocular visualization.

» No. 3. Because it is designed for general surgery, the da Vinci system has large laparoscopic forceps, which
do not enable corneal microsurgery and could not be inserted into the eye.”?

Given the challenges, the need for an ophthalmic-specific robotic-assistive platform is clear.

THE CURRENT LANDSCAPE

Clinical systems. Multiple platforms for ophthalmic robots are in development. In addition to stabilization
of the natural resting hand tremor, design goals include increased precision, automation, better
ergonomics, heightened maneuverability, and remote surgery,”' all of which would be relevant not only to
experienced ophthalmologists but also to those in training. Additionally, robotic assistance could level the
playing field between nonophthalmologists and ophthalmic surgeons in terms of accuracy, stability, and
tissue interaction.?®

Many robotics programs have emerged from universities (see Recent Ophthalmic Robotics Companies
and Programs).?*% To date, however, the Preceyes Surgical System is the only platform to have received
the CE Mark and been used in humans,” including for macular epiretinal membrane peeling, retinal vein
cannulation for central retinal vein occlusion, intravitreal injection, and subretinal gene therapy injection.?®?
Preceyes, acquired by Carl Zeiss Meditec in what is the first ophthalmic robotic merger and acquisition,*
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Figure. The Preceyes Robotic System. A module for MIGS was developed in collaboration with the New York Eye and Ear Infirmary of Mount Sinai Innovation Team.

is the only company to develop two
ophthalmic surgical platforms—one
for retina and one for MIGS (Figure).

Before the deal with Carl Zeiss
Meditec, which could be an indication
of what may be a new wave of
strategic interest in the space, Preceyes
collaborated with New York Eye
and Ear Infirmary of Mount Sinai
to build the company’s presence
in the United States and facilitate
its FDA application. Originally, the
Preceyes Surgical System was limited
to vitreoretinal applications only, but
an extended modular application for
MIGS was developed in collaboration
with New York Eye and Ear
Infirmary.33? No robotic platform has
targeted MIGS explicitly, yet it is the
fastest-growing part of the US surgical
ophthalmic market.

Preclinical systems. The Intraocular
Robotic Interventional Surgical System
(IRISS) was developed at the University

of California, Los Angeles, and has been
spun off as Horizon Surgical Systems.
The goal of this commercial project is to
develop a fully automated solution for
cataract surgery based on the original
IRISS platform. Recent information

on Horizon is limited because the
company is in stealth mode, according
to its website. According to its founder,
Jean-Pierre Hubschman, the original
IRISS can “react within 20 milliseconds
to 30 milliseconds ... [and] detects

and adjusts immediately to any eye
movement.”

Other stealth preclinical projects
have been launched that have
received investor backing to the tune
of millions of dollars. Such is the
case with ForSight Robotics which
received $55 million in venture
capital funding in 2022.% The former
founders of Intuitive Surgical and
Mako Surgical partnered to produce
Orym, a platform designed for cataract

surgery that incorporates Al and
advanced visualization systems. The
goal is to help democratize ophthalmic
microsurgery by making it more
globally accessible.3

[CONCLUSION

Developing a robotic surgical
assistive system for ophthalmic surgery
is challenging, but significant prog-
ress has been made during the past
20 years. The limitations of manual
surgery and the potential benefits of
robotic assistance and automation
are driving the field forward. What
the future of robotic technology will
look like is unclear, but it appears to
be less like Karel Capek’s dystopia
and more like human and robotic
collaboration. m
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