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Abstract

Ophthalmology is one of the most enriched fields, allowing the domain of artificial intelligence to be part of its point of
interest in scientific research. The requirement of specialized microscopes and visualization systems presents a challenge
to adapting robotics in ocular surgery. Cyber-surgery has been used in other surgical specialties aided by Da Vinci robotic
system. This study focuses on the current perspective of using robotics and cyber-surgery in ophthalmology and highlights
factors limiting their progression. A review of literature was performed with the aid of Google Scholar, Pubmed, CINAHL,
MEDLINE (N.H.S. Evidence), Cochrane, AMed, EMBASE, PsychINFO, SCOPUS, and Web of Science. Keywords: Cyber-
surgery, Telesurgery, ophthalmology robotics, Da Vinci robotic system, artificial intelligence in ophthalmology, training
on robotic surgery, ethics of the use of robots in medicine, legal aspects, and economics of cybersurgery and robotics. 150
abstracts were reviewed for inclusion, and 68 articles focusing on ophthalmology were included for full-text review. Da Vinci
Surgical System has been used to perform a pterygium repair in humans and was successful in ex vivo corneal, strabismus,
amniotic membrane, and cataract surgery. Gamma Knife enabled effective treatment of uveal melanoma. Robotics used in
ophthalmology were: Da Vinci Surgical System, Intraocular Robotic Interventional Surgical System (IRISS), Johns Hopkins
Steady-Hand Eye Robot and smart instruments, and Preceyes’ B.V. Cybersurgery is an alternative to overcome distance and
the shortage of surgeons. However, cost, availability, legislation, and ethics are factors limiting the progression of these fields.
Robotic and cybersurgery in ophthalmology are still in their niche. Cost-effective studies are needed to overcome the delay.
Technologies, such as 5G and Tactile Internet, are required to help reduce resource scheduling problems in cybersurgery. In
addition, prototype development and the integration of artificial intelligence applications could further enhance the safety
and precision of ocular surgery.

Keywords Cybersurgery - Telesurgery - Ophthalmology robotics - Da Vinci robotic system - Artificial intelligence -
Telerobotic technology

Introduction extraocular, intraocular anterior segment, or intraocular pos-

terior segment surgery. Surgical microscopes are needed in

Ophthalmology is a field with rapid progression. This  intraocular surgeries. In addition, ocular surgery necessitates

field includes medical and surgical specialties with dis- visualization systems and specific parameters, which make
tinct demands. Ocular procedures can be divided into an  integrating robotics in ocular surgery difficult.

Artificial intelligence (A.L.) has emerged recently in med-
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glaucoma are the three most common causes of irreversible
blindness on a global scale [7].

COVID-19 has affected healthcare systems. A.L applica-
tions have emerged in ophthalmology and will be used more
in clinical research, education, and patient healthcare [8].

When it comes to A.L, the surgical field in ophthalmol-
ogy is in its infancy.

Ophthalmic surgery requires high precision and high
degrees of magnification. Surgical microscopes are the main
tools used. Assistance facilitated by surgical robots improves
movement control, cancels tremors, and enhances visualiza-
tion and distance sensing. Robotic technology is only in its
initial stages in ocular surgery [9].

Cybersurgery, also referred to as Telesurgery, is most
commonly defined as a surgical technique that allows a sur-
geon to operate on a patient remotely, either from a different
location or nearby, through a telecommunications channel
attached to a robotic operating machine [10]. This technol-
ogy not only benefits the shortage of surgeons and the sani-
tary crisis of COVID-19, but it also eliminates geographical
barriers that prevent timely and high-quality surgical inter-
vention, financial burden, complications, and often risky
long-distance travel.

This study aimed to focus on the current perspectives on
the development of Robotic and Cybersurgery in Ophthal-
mology, evolution, innovation, and reasons for the delay.

Methods

A review of the literature with the aid of Google Scholar,
Pubmed, CINAHL, MEDLINE (N.H.S. Evidence),
Cochrane, AMed, EMBASE, PsychINFO, SCOPUS, and
Web of Science was performed to gather information from
articles. Keywords used: Cybersurgery, Telesurgery, oph-
thalmology robotics, Da Vinci robotic system, artificial
intelligence in ophthalmology, training on robotic surgery,
ethics of the use of robots in medicine, legal aspects, and
economics of cybersurgery and robotics. 150 abstracts
were reviewed for inclusion, and 68 articles focusing on
ophthalmology were included for full-text review. (Flow-
chart Fig. 1).

Search

Electronic databases searched

Manual search

By google scholar, Pubmed, CINAHL,
MEDLINE (NHS Evidence), Cochrane,
AMed, EMBASE, PsychINFO, SCOPUS,

References of included articles

Web of Science

Keywords used

Cybersurgery, telesurgery, ophthalmology robotics, Da vinci robotic
system, artificial intelligence in ophthalmology, training on robotic
surgery, ethics of the use of robots in medicine, legal aspectsand
economics of cybersurgery and robotics

-

Screening articles

n=150

Inclusion criteria
Articles, Reviews, case series or cases reports containing the application of
robotic surgery with special focus on the use of robotics in ophthalmology ,

cybersurgery, telesurgery, ethical and legal aspects of their use were included.

Exclusion criteria
Inaccessible articles or articles published in bulletins without an impact
factor

Included articles

68 articles with special focus on ophthalmology were
included for full text review

n=68

Fig.1 Study flowchart
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Inclusion criteria

Articles or case series containing the application of robotic
surgery with a particular focus on using robotics in oph-
thalmology, cybersurgery, Telesurgery, and ethical and legal
aspects of their service were included.

Exclusion criteria

Inaccessible articles or articles published in bulletins with-
out an impact factor were excluded.

Ethical approval

The study is conducted according to the French data pro-
tection law. No submission to IRB/ethical committee was
needed. The study adheres to the tenets of the Declaration
of Helsinki.

Results
Robotic surgery in ophthalmology
Robotics history

The term robotics derives from “robota” Czech word mean-
ing “servant” or “worker” [11, 12]. It is known that the word
was coined by Karel Capek in the theatrical spectacle R.U.R.
(Rossum’s Universal Robots). However, the term was popu-
larized only years later, through the works of Russian Isaac
Asimov, responsible for making the “Three Laws of Robot-
ics” [4], which, in fiction, standardize the robot’s behavior
[11].

The application of robots started in the industry by replac-
ing workers in dangerous functions, such as car assembly
lines, to prevent injuries [11].

The use of robots in surgeries could help improve the
gesture of tasks, decrease tremors, better visualization, and
distance control. Robotics has been used in different medi-
cal fields for more than 20 years and assisted physicians in
surgical rooms. The first robotic surgery was conducted in
1985 with the help of a robotic arm called Puma 560, which
was used for non-laparoscopic neurosurgical biopsies [13].
The first robot, Probot, was designed primarily to aid the
medical team in the transurethral resection of the prostate
in 1991 [14]. In 1992, the U.S. Food and Drug Administra-
tion (F.D.A.) approved the first medical use of a robot [15].

Uses in surgical fields Recent publications proved supe-
rior functional outcomes with equal oncologic safety com-
pared to conventional open surgery. Its field of applica-
tion may extend to nasopharynx and skull base surgery.

The preliminary results encourage the role of trans-oral
robotic surgery in head and neck cancer [16].

Other surgical fields use robotic surgery for minimally
invasive surgery, such as cardiac, digestive, gynecology,
plastic reconstructive surgery, throat surgery, neurosur-
gery, vascular surgery, hand surgery, and peripheral nerve
surgery [17-20].

Role of robotic surgery in ophthalmology Analysis of
previous ocular robotic assisted surgery studies summer-
ized in (Table 1). Definition of main ocular surgical pro-
cedures:

e Phacoemulsification: Removal of the intraocular lens
with an ultrasound machine and a manual arm.

e Keratoplasty: Performing corneal grafts with donor
corneas to be sutured or implemented to a host recipi-
ent.

e Vitrectomy: The procedure of removing the vitreous from
the posterior chamber of the eye just before the retina
using instruments called vitrectomy attached to specified
machines.

e Intravitreal injection: The instillation of drugs in the
intravitreal cavity using needles/syringes.

Ocular microsurgery was successfully performed using
the Da Vinci surgical robot in the porcine model. The robotic
system provided excellent visualization and controlled and
delicate placement of the sutures at corneal level [21].

Back in 2009, Bourges et al. performed Robot-assisted
Penetrating Keratoplasty [22]. Three arms of the Da Vinci
surgical robot were loaded with a dual-channel video and
two 360°-rotating, 8 mm, wrested-end effector instruments
and placed over porcine eyes or a human cadaver head.
Trephination of corneal grafts, cardinal sutures, continuous
10.0 nylon sutures and adjustments on both eyes were per-
formed remotely on both porcine and human eyes facilitated
by the wrested-end forceps. No limitation of surgical motion
was noted [22].

Micro-hands of 4 mm in length were developed pneu-
matically with microelectromechanical systems (MEMS)
technology to mimic a human hand for small object manipu-
lation needed in retinal manipulation [23].

Robotically assisted pterygium surgeries in non-living
biological pterygium models were performed using the
DaVinci Si H.D. robotic surgical system. Twelve models
were prepared, and 12 pterygium excision and conjunctival
autografts were performed [24].

Robot-assisted Penetrating Keratoplasty was also suc-
cessfully performed on human donor 12 corneas with low
endothelial cell count mounter on the artificial anterior
chamber. The mean duration of the procedures was 43.4 6
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Table 1 (continued)

Result/outcome

Robot

Subject

Authors/date

Robot-assisted surgery was slower than manual

Robot-assisted

Manual and robot-assisted vitreoretinal surgery

Mads Forslund Jacobsen et al. [68]

surgery Robot-assisted surgery allowed for

using a virtual-reality surgical simulator

(porcine eyes)

greater precision in novices and vitreoretinal

surgeons

Assistive injection system Successful, safe and cost effective

Intravitreal therapy

Franziska Ullrich et al. [34]

8.9 min (range 28.5-61.1 min). There were no unexpected
intraoperative events [25].

Amniotic membrane transplantation on corneal patholo-
gies including (Neurotrophic keratitis, graft failure and post-
radiation keratoconjunctivitis sicca) has been successfully
performed on three human patients [26].

Robot-assisted cataract phacoemulsification surgery was
successfully performed on 25 lens nuclei with a mean opera-
tive time of 26.44 min+5.15 (S.D.). Intraocular dexterity
and operative field visualization are necessary for achieving
the main steps of the phacoemulsification procedure [27].

There are current uses and developments of cataract
surgeries aided by Femtosecond lasers. It is a partially
performed cataract operation where many steps of the pro-
cedure are done in another setting. The rest is left for the
surgeon’s intervention.

Femtosecond lasers are used in corneal and almost all
types of refractive surgery, such as laser in situ keratomileu-
sis (LASIK), small incision lenticule extraction (SMILE),
penetrating keratoplasty (P.K.P.), insertion of intra-corneal
ring segments, anterior and posterior lamellar keratoplasty
Deep anterior lamellar keratoplasty (DALK), and Descem-
et's stripping endothelial Keratoplasty (DSEK). In addition,
femtosecond lasers provide more accurate and safe proce-
dures [28].

Robot-assisted strabismus procedures were successfully
performed on six eyes. The feasibility of robot-assisted sim-
ulated strabismus surgery is confirmed [29].

Classic microsurgery of the eye is performed using an
operating microscope. The structures of the eye anterior to
the vitreous are operated on under direct vision, whereas
posterior regions, such as the retina and vitreous, use a spe-
cialized lens and viewing systems.

Robotic-assisted uses in the posterior region of the Retina
and Vitreous include Retinal surgery, Gene therapy, Retinal
implantation, drug therapy, Retinal Vein Cannulation and
intravitreal injections [30-34].

Using devices designed by PRECEYES, a Dutch medical
robotics firm, the procedure involved removing a membrane
from the back of the eye. Successful human intraocular sur-
gery performed using the Preceyes surgical system [35].
Apart from Preceyes’ B.V. research platform, none of the
currently eye-specific systems has reached a commercial
stage [35].

The robotic system was used to carry out micro-cannula-
tion experiments on a pig’s eye. As a result, a surgeon was
able to perform micro-cannulation [36] successfully.

The Gamma Knife, designed by Lars Leksell in the early
1950s gave rise to a new discipline of medicine-stereotac-
tic radiosurgery. The gamma-ray beam concentration can
be used to treat uveal melanoma, choroidal hemangioma,
orbital tumors or even choroidal neovascularization [37].

@ Springer
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Robotics types used in ophthalmology The robotic Da
Vinci Surgical System (Intuitive Surgical Inc., Sunnyvale,
CA) and the ARES (Auris Surgical Endoscopy System)
robot (Auris Surgical Robotics, San Carlos, CA) are the
only two surgical robots approved by the U.S. Food and
Drug Administration for human surgery not being specifi-
cally designed for microsurgical specialties such as ocular
surgery.

1. The Da Vinci Robot (Fig. 2): It is the most widespread
platform used in human surgery. Since 2000, the indica-
tions for operations assisted by robotics systems are emerg-
ing progressively. They rose from 1500 in 2000 to more
than 20,000 in 2004 [38]. It includes three-dimensional ste-
reoscopic vision with three robotic slave arms that can be
equipped with instruments with 7 degrees of freedom and
wrist-like motions. Four models have been launched since
they received U.S. Food and Drug Administration approval
in 2000: S, Si, Si H.D., and Xi. Surgeons can control the
tools and camera from a remote workstation. However, limi-
tations have been documented including the artificial wrist
movements that differ from the human range of motion and
endoscopic vision, as a result, difficulties in performing
microsurgical steps such as sclerotomies could be encoun-
tered [39].

2. Intraocular robotic interventional surgical system
(IRISS): This ophthalmic platform was proposed by Jules

Stein Eye Institute and the UCLA Department of Mechani-
cal and Aerospace Engineering. It is composed of master
controller with two joysticks and a slave manipulator. The
manipulator has two independent arms that each hold surgi-
cal instruments. The arms have an independent pivot point
and 7 degrees of freedom necessary for surgical maneuvers.
This system has been used in anterior and posterior ocular
procedures, such as capsulorhexis, lens cortex removal, core
vitrectomies, and retinal vein micro-cannulation in porcine
eyes [40].

3. Johns Hopkins steady-hand eye robot (Fig. 3): This
robot is designed to share the control of surgical instru-
ments, mainly during posterior segment surgeries. It consists
of three major components: the X.Y.Z. system, the rolling
mechanism, and the tilt mechanism. The X.Y.Z. system
allows movement of the surgical tool in all directions. The
roll mechanism consists of a rotating table designed to opti-
mize the access of the surgical device to the patient’s eye.
The tilt mechanism is attached to the tool holder at one end
and the rolling mechanism at the other, allowing the instru-
ment to be at any angle. As a result, the robot improves
the effectiveness of each movement. This instrument can be
used free-hand or incorporated into the Steady-Hand-Eye
robot [41].

The latest model has improved the range of motion, stiff-
ness, and speed of holder release.

Fig.2 The Da Vinci Robot
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Passive Tool Rotation

Fig. 3 Johns Hopkins Steady Hand Robot

4. “Smart” instruments: Additional systems and “smart”
instruments have been developed to improve technical per-
formance [30]. For example, sensors detect the force applied
to the eye; this could be transferred directly to the surgeon
via an auditory feedback system [42]. In addition, they
can notice tactile sensations lower than the human thresh-
old, which could minimize the risk of possible surgical
complications.

Retinal membrane removal was successfully performed
with the aid of PRECEYES surgical system robotic assistant,
which serves as an instrument holder for over six patients as
part of a trial at Oxford's John Radcliffe hospital [35, 43].

The median time was longer (four minutes and 55 s) than
the traditional method (one minute and 20 s) [35].

Assistive devices for Intravitreal Injection have been dem-
onstrated through ex vivo experiments with porcine eyes. It
used an automatic fine positioning and intravitreal injection
through the pars plana. In addition, several safety features,
such as continuous eye-tracking and iris recognition, have
been implemented [34].

Prototypes development and innovation in ophthalmol-
ogy Guerrouad and Vidal in 1989 created a robotic ocular
system composed of a Stereotaxical Microtelemanipulator
(SMOS), a spherical micromanipulator mounted on an X, y,

and z stage, which allowed 6 degrees of freedom. No devel-
opment was made after this stage.

Robot-Assisted Microsurgery (RAMS) tele-robotic plat-
form emerged in 1997 (Charles S 1997). It comprises a slave
robot arm (2.5 cm in diameter and 25 cm long) and a pri-
mary device supported by cables and encoders facilitating
the operator's arm movement guided by computers [44]. In
the same year, another prototype used the Stewart-based
platform (Jensen, Grace et al. 1997). This was developed to
measure intraluminal (20-130 microns) retinal vessel pres-
sure and to extract blood from these vessels for research
purposes.

In 2009, Ueta et al. [45] developed a newer prototype with
more accuracy adapted to assist in vitreoretinal surgeries.

Cybersurgery
History and background

Electrocardiogram was first introduced in 1906, the first step
in telemedicine.

Cybersurgery, also referred to as Telesurgery, from the
Greek tele, “far oft”, also called “remote surgery”, is defined
as a surgical technique which allows for a surgeon to operate
on a patient remotely, either from a different location or at

@ Springer
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proximity, through a telecommunications channel attached
to a robotic operating machine.

Tele-surgery is a surgical system that utilizes wireless
networking and robotic technology to connect surgeons and
patients distantly. It can be divided into three main com-
ponents: Telesurgery, telementoring, and teleconsultation
[10]. The telerobotic Zeus and Da Vinci surgical systems
allow surgeons to operate remotely. These telerobots hold
the camera, replace the surgeon’s two hands with robotic
instruments, and serve in a master—slave relationship for
the surgeon. They are characterized by their capabilities to
simulate the motions of the surgeon’s wrist and different
surgeon positions [46].

In 1988: Minimally invasive surgery enabled surgical
procedures to be guided by introducing a camera without
requiring an opening of the abdomen or thorax. In 1996:
Computer-assisted surgery was introduced, which enabled
to transmit surgeons’ actions remotely to manipulation
devices. September 7, 2001: Telesurgery: The world's first
Telesurgery was performed by a surgical team in New York,
U.S.A. using the ZEUS robotic system (Intuitive Surgical,
Sunnyvale, CA, U.S.A.). This project produced a successful
two-hour-long laparoscopic cholecystectomy performed on a
female patient at a hospital in Strasbourg, France [47]. The
patient had an uneventful recovery [48]. In 2003, a surgical
system was set up in Canada between two hospitals 400 kms
away [49].

Robotics could be helpful in surgical tele-mentoring by
expert surgeons to supervise younger surgeons remotely,
given its endoscopic optics and mechanized movement.
However, the maturity of these modalities depends on finan-
cial factors, legislation and collaboration with cybersecurity
experts to ensure safety and cost-effectiveness [46, 50].

Current applications of cybersurgery

Current applications of cybersurgery include tele-education,
tele-training, telementoring, tele-proctoring, and tele-accred-
itation. Different projects have been developed; different
site videoconferences used images and data transmission
at the European Institute of TeleSurgery of Strasbourg via
The TESUS project through the realization of international
multi-site video conferences between surgeons. The WEB-
Surg project created the first virtual university by placing
surgical techniques at the surgeon’s disposal through the
Internet. It is a comprehensive source of knowledge in mini-
mally invasive surgery. It promotes technological advances
in its fields, such as general and digestive surgery, urology,
gynecology, pediatric surgery, endoscopic surgery, skull
base surgery, arthroscopy, and upper limb surgery [51].
The HESSOS project (Hepatic Surgery Simulation
and Operative Strategy) uses virtual reality as a surgical

@ Springer

simulation system, allowing the development of the concept
of distant tele-manipulation. It serves as an operative system
available for clinical application in liver surgery. In addition,
it allows worldwide surgical teaching [51].

Tele-cystoscopy was tested suitable for diagnosis. The
trade-offs between cost and tele-cystoscopy system com-
ponent quality were compared with efficiency frontiers to
elucidate the optimal system [52].

Tele-oncology covers diagnosis, treatment, supportive
care of cancers, education, and medical training. Modern
strategies were addressed to ensure global access to essen-
tial cancer care services (Telemedicine and Telesurgery in
Cancer Care (TTCC) conference) [53].

To overcome the shortage of surgeons, the “Virtual Inter-
active Presence” (V.I.P.) platform allows remote participants
to simultaneously view each other’s visual field, creating a
shared field of view for real-time surgical tele-collaboration
[54].

Video analysis yielded a mean compositing delay of
760+ 606 ms (when compared with the audio signal). Image
resolution adequately visualizes neurosurgery’s complex
intracranial anatomy and provides interactive guidance [54].

Based on preclinical work, trans-oral robotic surgery
(TORS) was performed in February 2007 on a patient with
a para-pharyngeal to infratemporal fossa cystic neoplasm as
part of a large prospective human trial. The robotic proce-
dure allowed adequate and safe identification of the internal
carotid artery and cranial nerves, and excellent hemostasis
was achieved with no complications during or after surgery
[55].

Later, the Telelap Alf-x, telesurgical system was intro-
duced. It composed of individual arms, which enabled free
access to the patient throughout surgery, an extensive range
of reusable surgical instruments, an open console with an
eye-tracking system, where the camera followed the eye and
head movements of the surgeon. The existing force feedback
enables for the first time to feel the consistency of the tissues
and avoid tearing the stitches while suturing. The system
combines the benefits of open surgery and endoscopy [56].

The first clinical application, which involved 146 opera-
tions at the gynecological department of the Gemelli Uni-
versity Hospital in Rome, proved the safety and the surgical
team’s quick adaptation to the system [56].

In 1992, the National Aeronautics and Space Adminis-
tration and the Department of Defense supported Telesur-
gery to rescue wounded soldiers. The Defense Advanced
Research Projects Agency invested in tele-medical technolo-
gies to help operate injured soldiers remotely [15].
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Applications of cybersurgery or telesurgery
in ophthalmology

There is no current application of Cybersurgery or Tele-
surgery in Ophthalmology. However, the feasibility of
telerobotic microsurgical repair of corneal lacerations has
been evaluated [57]. Five mm central full-thickness corneal
wounds were fashioned in five enucleated rabbit eyes and
repaired remotely using the telerobotic system [57].

The feasibility of using the Robotic Slave Microman-
ipulator Unit (RSMU) in photocoagulating the ciliary body
remotely to treat glaucoma with the diode laser was tested in
fresh un-operated, enucleated human eyes. Histology exami-
nation of remote robotic contact trans-scleral cyclophotoco-
agulation and “by hand” technique produced similar degrees
of ciliary body tissue disruption [58].

Various projects have recently been launched at aca-
demic and corporate levels to develop lightweight, minia-
turized surgical robotic prototypes [59]. This delay could be
explained by the delicacy of this field which deals with the
sense of vision and the small anatomical size.

Advanced virtualization and augmented-reality tech-
niques should help human operators to adapt better to special
conditions [60]. To meet safety standards and requirements
in space, a three-layered architecture is recommended to pro-
vide the highest quality of telepresence technically achiev-
able for provisional exploration missions [60].

Discussion

Ophthalmology is one of the most enriched fields that
allowed artificial intelligence to be part of its point of inter-
est in scientific research. Robotic surgery in ocular surgeries
is not well established and still in the experimental process
in ophthalmology [25, 27, 29].

Although the current study is limited by the number of
published studies discussing robotic and cybersurgeries
in ophthalmology, being mainly in experimental stages,
a review of current aspects of robotic and cybersurgery
in ophthalmology could help in the progression of these
disciplines.

The advantages of robots in surgery originate from the
need to achieve two goals: telepresence and the performance
of repetitive and accurate tasks which are the gold standards
of ocular surgery. An accelerometer can cancel the operator's
physiologic tremor in real-time. Robotic arms minimize the
natural limits of human wrists, favoring more precise and
efficient movements.

The risk of human errors combined with mechanical fail-
ure as electrical current and misapplication to surrounding

tissues coupled with a longer duration of surgery are disad-
vantages of this technology.

Robotics platforms and prototypes specializing in oph-
thalmology surgeries are not yet met. Speed and velocity
are required during ocular surgery. The time delay threshold
must be acceptable by adopting strategies that preserve path-
tracking accuracy.

The latest model of Johns Hopkins Steady-Hand Eye
Robot has improved the range of motion, stiffness, and speed
of holder release. These criteria would be helpful in emer-
gencies requiring rapid actions. In addition, smart instru-
ments coupled with robotics could minimize the risk of pos-
sible surgical complications. However, apart from Preceyes’
B.V. research platform, none of the currently eye-specific
systems has reached a commercial stage.

Anterior segment surgeries, such as cataract, strabismus,
pterygium, keratoplasty, and amniotic membrane suturing,
were successfully performed on porcine and human donors.
Subretinal drug delivery to treat submacular hemorrhage
aided by robots, demonstrated its feasibility and safety; this
could be useful in gene or cell therapy [32].

Further development in the instruments used in intravit-
real injections could enhance the technique [61].

Cybersurgery benefits today’s shortage of surgeons and
eliminates geographical barriers, financial burdens, com-
plications, and often risky long-distance travel. Fibreoptic
A.T.M. lines to minimize latency and optimize connectiv-
ity and computer motion are elements to consider when
planning Telesurgery. In addition, Telesurgery allows for
international surgical collaboration and helps in improv-
ing surgical education. Different models have been used,
such as virtual simulators (DV—Trainer®, Robotic Mentor®,
DVSS®), mechanical simulators, microsurgery and wet lab
using ex vivo animal organs, anaesthetized animals, and
cadavers [62, 63].

There was no significant difference between the lengths
of the learning curves for robot-assisted vitreoretinal sur-
gery compared to manual surgery. However, robot-assisted
vitreoretinal surgery was more precise, associated with less
tissue damage, and slower [64].

Surgical robots are rarely found in healthcare systems and
are provided for other surgical specialties, where evidence-
based medicine confirms their feasibility. Ophthalmology
specialized hospitals are more commonly separated, making
access to surgical robots difficult and time-consuming. This
factor could contribute to the low number of studies and
trials on ocular surgery after the high cost of these robots.

Data regarding costs and litigation of robotics and cyber-
surgery versus conventional techniques in ophthalmology
are limited. This may be responsible for the delay in this
field [65, 66]. Another drawback is the low number of quali-
fied, trained surgeons in robotic surgery.

@ Springer
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The technical specifications of robotics used in microsur-
gery are highly challenging [67]. Future perspectives include
technologies, such as 5G, Tactile Internet, and A.I., to help
reduce resource scheduling problems in cybersurgery. In
addition, specific prototypes to be implemented for robotic
ocular surgery to increase the accuracy, as seen in previous
studies [68] are crucial for developing this field.

Increasing the number of short- and long-term clinical
training programs in robotic surgery could facilitate this
field's progression.

Conclusion

The robotic Da Vinci Surgical System and the ARES (Auris
Surgical Endoscopy System) robot are the only two surgi-
cal robots approved for human surgery; however, it is not
designed for microsurgical specialties. Robotic technology
has only recently been integrated into ophthalmology; hence,
the progression is only in its initial stages.

The cybernetic revolution in surgery supported by artifi-
cial intelligence could enable surgeons to perform surgeries
remotely. Tele-surgery can provide urgent medical services
and allows highly skilled doctors to operate globally.

Technologies, such as 5G and Tactile Internet, are
required to help reduce resource scheduling problems in
cybersurgery. In addition, prototype development and the
integration of artificial intelligence applications could fur-
ther enhance the safety and precision of ocular surgery.

Surgeons must embrace these technologies to render these
technologies available; however, further studies to overcome
these challenges limiting the progression of these fields in
terms of cost, availability, legislation, and ethics are crucial.
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