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Abstract 

Robotics and laser technology integration into ophthalmic surgery has represented a paradigm shift in the precision, security, and effectiveness of ocular 

interventions. Robotic systems have been shown to have considerable potential in the management of physiological tremors, facilitation of complex 

microsurgical manoeuvres, and extending the frontiers of intraocular and orbital surgeries. In parallel, femtosecond lasers and excimer lasers have transformed 

refractive, cataract, and oculoplastic surgeries by improving accuracy and reducing collateral tissue damage. Despite these advances, challenges remain, 

including high costs, steep learning curves, ergonomic concerns, and limited global accessibility. Recent developments in artificial intelligence (AI) and robotic 

integration further highlight the transformative potential of these technologies in ophthalmology, especially in vitreoretinal and cataract surgeries. This review 

synthesizes existing evidence regarding robotic and laser technology use in ophthalmic surgery, examines their safety, feasibility, and drawbacks, and delves 

into future directions such as AI-based platforms, telesurgery, and implementation in resource-limited environments.  
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1. Introduction 

Ophthalmic surgery has witnessed a revolutionary change in 

the last few decades with the quest for higher precision, 

safety, and reproducibility. The anatomy of the human eye 

offers special surgical challenges because of its complexity, 

fine tissues, and micron-level precision needed for successful 

interventions. Traditional microsurgical techniques, although 

efficacious, are frequently hampered by physiological 

tremors, limited manoeuvrability, and the inherent nature of 

human variability.4 These constraints have driven the 

implementation of sophisticated technologies like robotics 

and lasers into ophthalmological practice. Robotic systems 

offer increased dexterity, tremor filtering, and enhanced 

visualization, enabling surgeons to conduct extremely 

complicated intraocular and orbital procedures with more 

precision.1,2 In vitreoretinal surgery, robotic technology has 

provided unrivaled precision in retinal vein cannulation and 

subretinal injection, tasks that are still very daunting with 

manual methods.10,23 Robotic systems have also been tried in 

strabismus, orbital oncology, and cataracts with promising 

initial outcomes.6,11,13 Table 1 presents a comparison of 

traditional vs. laser- and robotic-assisted ophthalmic surgery 

techniques 

Concurrently with robotics, laser technology has 

transformed the ophthalmic surgical environment. 

Femtosecond and excimer lasers have revolutionized cataract 

and refractive surgery with bladeless, accurate corneal and 

lens cuts, minimizing complications and enhancing visual 

results.9,27 Laser technology has also become increasingly 

important in oculoplastic and orbital surgery, with tissue-

selective ablation and minimal destruction of surrounding 

structures.24,31 The last few years have also seen the advent of 

artificial intelligence (AI) in conjunction with robotic 

platforms, with an aim to improve decision-making, surgical 

planning, and intraoperative navigation.5,13 Not only do these 

developments unveil the disruptive potential of robotics and 
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lasers in ophthalmology, but they also reflect an increasing 

requirement for diligent assessment of their clinical efficacy, 

availability, and cost-effectivenes.28,32 

This review gives a general overview of the state of 

robotic and laser technology in ophthalmic surgery today. It 

assesses how they affect precision in surgery and outcomes, 

considers drawbacks such as ergonomics and training issues, 

and maps out the future possibilities, including AI, 

telesurgery, and extended use in developing healthcare 

systems. 

2. Robot-Assisted Surgery in Ophthalmology 

2.1. Historical background and evolution 

Ophthalmic surgery has also evolved dramatically by 

embracing robotic technologies, laser devices, and artificial 

intelligence to improve surgical accuracy, safety, and 

reproducibility.1-3 Robotic systems were first introduced to 

improve microsurgical accuracy and decrease the risk of 

human error.16-20 Early systems were mainly experimental, 

with attention being given to ergonomics and training of the 

surgeon.18,19,21 With the passage of time, these systems 

transformed to clinical viability in retinal, cataract, and 

orbital surgeries.3,12,15  Table 2 illustrates the chronology of 

significant milestones of robotic and laser ophthalmic 

surgery. Robotic-assisted ophthalmic surgery confers great 

advantages by minimizing physiological tremors, facilitating 

high-precision micro-manipulations, and enhancing surgical 

outcomes, especially in vitreoretinal and orbital 

surgery.4,6,11,15,23,34 Multiple robotic platforms, such as the Da 

Vinci system, RAOS, and ophthalmic specialty robots, are 

shown to be effective in enhancing instrument stability, 

dexterity, and reproducibility, with decreased surgical errors 

and improved patient safety noted in studies.1-3,7,15  

Laser technology, specifically femtosecond and excimer 

lasers, has transformed refractive and corneal surgery by 

offering accurate incision depth, repeatable ablation profiles, 

and minimal collateral damage to the surrounding 

tissues.8,9,24,29 Femtosecond laser surgery enables precise 

lamellar dissection, flap creation, and capsulotomy, whereas 

excimer lasers enhance LASIK and PRK outcomes.24,25 In 

addition to corneal use, lasers enable oculoplastic and 

anterior segment operations, where CO2 and Er:YAG lasers 

minimize postoperative morbidity and induce accelerated 

healing.30 Moreover, AI interfacing with robots further 

improves surgical accuracy through real-time feedback, 

monitoring instrument trajectories, anticipating tissue 

behaviour, and allowing semi-autonomous 

manoeuvres.5,13,31,32 This combination enables adaptive 

control in sophisticated procedures and minimizes 

intraoperative errors. Ergonomics and surgeon fatigue also 

continue to be major concerns in robotic ophthalmology. 

Although robotic systems minimize musculoskeletal fatigue 

and tremor-induced errors, lengthy procedures can exact 

cognitive tolls, making training methods more structured and 

simulation-based learning more important.18,40,41 

Standardized curriculum, virtual reality modules, and 

competency-based programs are vital for maximizing 

performance and patient safety.18,32,40 Table 3 presents the 

subspecialty-by-subspecialty comparison of traditional vs. 

laser- and robotic-assisted methods in eye surgery. 

Although clinical value, challenges to adoption include 

initial cost, low availability in resource-poor areas, and the 

requirement for extensive training.7,28,32 Worldwide trends 

towards adoption are seen with advanced robotic centers 

highly localized in North America, Europe, and some parts of 

Asia, while developing regions have nascent programs in 

development.7,32 Regulatory barriers, system consistency, 

and cost-benefit analysis are still essential for wider 

implementation.28,35 In conclusion, the marriage of robotics, 

laser technologies, and AI embodies a new paradigm in 

ophthalmic surgery that presents safer, more accurate, and 

reproducible results. Ongoing technological optimization 

combined with formal training and evidence-based 

assessment is needed to unlock the entire clinical potential of 

these advancements.1,2,5,7,13,23,24  

3. Discussion 

Robot-assisted ophthalmic surgery is a paradigm change in 

eye care that combines microsurgical accuracy with high-

technology robotics and AI to achieve beyond human 

limitations of tremor, fatigue, and limited dexterity.1,3,4 The 

findings of this review underscore major advances in anterior 

segment and posterior segment surgeries and increasing use 

of AI-assisted guidance in optimizing surgical results.2,5,32 the 

benefits and limitations of lasers and robotics in 

ophthalmology are summarized in Table 4. 

 

3.1. Technological impact and clinical significance 

Robotic technology provides unmatched precision with 

microsurgical movements. As a case in point, robotic retinal 

vein cannulation and vitreoretinal surgery illustrate sub-

millimetres accuracy that is superior to traditional manual 

intervention.10,34 This is particularly important in sensitive 

ocular structures where even slight variations can cause 

irreversible damage.4,34 Femtosecond lasers and robotic 

systems have synergistically enhanced the outcomes of 

refractive surgery, minimizing complications such as 

irregularities in the flap, capsulotomy that is not complete, 

and damage to endothelial cells.8,9,24 Robotic orbital and 

strabismus surgery have also shown to be feasible and may 

increase the role of minimally invasive techniques in 

complex ocular conditions.6,11 Integration of AI into robotic 

surgery can optimize intraoperative decision-making, predict 

surgical challenges, and minimize human error. Algorithms 

may aid in tissue identification, path planning, and instrument 

manipulation, enabling a semi-autonomous surgical 

process.5,13,32  
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3.2. Research gaps and future directions 

The literature on robotic ophthalmic surgery also identifies 

areas for additional research: 

1. Long-term Clinical Outcomes: Short-term feasibility and 

safety are reported by most; longitudinal studies of 

robotic vs. manual surgery are warranted.2,10,22  

2. AI Optimization: Improvement of adaptive learning 

algorithms that can make decisions in real time and 

prevent errors is still in the early stages.5,13,32  

3. Cost-Effectiveness Analyses: Thorough economic 

analysis must support robotic investment compared with 

conventional surgery, taking into account direct 

healthcare costs as well as indirect costs.12,29,33  

4. Ergonomics and Surgeon Wellbeing: Future research 

should measure the extent to which robotic systems 

alleviate fatigue, musculoskeletal stress, and cognitive 

burden for long procedures.41 

5. Integration with Telemedicine: Remote robotic 

interventions may enhance access to specialist care in 

rural and underserved areas.19,20 

 

3.3. Implications for clinical practice 

Robotic platforms are slowly revolutionizing ophthalmology, 

especially for advanced vitreoretinal procedures, paediatric 

operations, and high-accuracy anterior segment 

interventions.10,34 With decreased human error and improved 

ergonomics, robotic-assisted surgery holds promise for 

enhancing patient safety, surgical efficiency, and 

reproducibility. Nonetheless, due attention needs to be paid 

to cost, training, infrastructure, and ethical issues prior to 

widespread adoption.7,12,28,35 Surgeons, administrators, and 

policymakers need to work together to promote equitable 

access and suitable regulatory policies. 

Ophthalmic surgery has been revolutionized 

considerably by robotic and laser technologies with 

unprecedented accuracy and safety of microsurgical 

procedures. In the past two decades, several studies have 

shown robotic systems can alleviate physiologic tremors, 

enhance surgical precision, and enable subtle maneuvers in 

vitreoretinal and anterior segment surgery that would be very 

difficult to achieve manually.4,6,10,23,24 The literature today 

emphasizes that these systems are not adjuncts but 

transforming tools that broaden the boundaries of human 

surgical capability.1-3,7,12  Robotic-assisted surgery has been 

found to improve outcomes in strabismus correction, 

vitreoretinal manipulations, orbital tumour excisions, and 

cataract surgery. For example, Bourcier et al. (2019) showed 

the effectiveness of robot-assisted simulated strabismus 

surgery with high accuracy and low tissue trauma.6 Likewise, 

Mi et al. (2025) emphasized the application of robotic 

systems in vitreoretinal surgery in terms of enhanced 

dexterity, decreased procedural variability, and micro-

incisional precision beyond physiological limits.23,24 

The integration of laser technologies, such as 

femtosecond and excimer lasers, has also further widened the 

scope of surgery by allowing precise corneal incisions, 

capsulotomies, and refractive corrections.8,9,24,30 Table 5 also 

gave the specifications of major robotic and laser platforms 

for ophthalmic surgery. Laser procedures reduce collateral 

tissue damage, decrease postoperative inflammation, and 

enhance visual recovery more quickly, supplementing 

robotic systems by offering predictable, reproducible tissue 

manipulation. This combination of laser precision with 

robotic stability is a synergistic development in ophthalmic 

surgery.25,29 An important addition to this evolution is the 

inclusion of artificial intelligence (AI). AI-based platforms 

provide intraoperative advice, recognition of tissues, and 

predictive modelling to assist surgeons with decision-making 

and risk reduction.5,13,32 AI algorithms are able to track minor 

intraoperative parameters, identify discrepancies in real time, 

and make recommendations reducing human error, hence 

improving both patient safety and procedural effectiveness. 

 

Table 1: Comparison of conventional vs. laser- and robotic-assisted techniques in ophthalmic surgery 

Parameter Conventional (Manual) Techniques Laser- and Robotic-Assisted Techniques 

Precision Dependent on surgeon’s manual dexterity; 

limited by physiologic tremor and fatigue 

Micron-level accuracy with robotic stabilization 

and femtosecond/excimer laser precision; 

eliminates tremor effects 

Reproducibility Variable outcomes due to inter-surgeon 

differences 

High reproducibility due to automation and 

standardized laser algorithms 

Intraoperative Safety Higher risk of iatrogenic trauma in delicate 

tissues (e.g., retina, cornea) 

Enhanced safety with stabilized robotic 

platforms and controlled laser energy delivery 

Learning Curve Skills acquired through prolonged training and 

surgical experience 

Robotic interfaces, haptic feedback, and 

simulators shorten learning curve; structured 

training platforms available 

Ergonomics High musculoskeletal strain and fatigue during 

long procedures 

Improved ergonomics; robotic systems reduce 

strain and allow comfortable surgeon posture 

Invasiveness Larger incisions and greater tissue disruption 

in some procedures (e.g., cataract surgery) 

Minimally invasive laser-assisted incisions and 

precise capsulotomies reduce collateral damage 
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Procedure Time Often longer due to manual steps and 

complexity 

Reduced time in standardized steps (e.g., 

femtosecond laser capsulotomy); but robotic 

setup may initially prolong total time 

Patient Recovery Variable; often longer due to greater tissue 

trauma 

Faster recovery, reduced inflammation, and 

improved visual outcomes 

Cost Lower initial setup; widely available High acquisition and maintenance costs; limited 

accessibility in low-resource settings 

Clinical Applications Widely applied in cataract, corneal, retinal, 

and orbital surgeries using manual tools 

Increasingly applied in vitreoretinal surgery, 

refractive surgery, cataract surgery, and orbital 

oncology with ongoing expansion 

 

Table 2: Timeline of key milestones in robotic and laser ophthalmic surgery 

Year/Decade Milestone 

1980s Introduction of excimer laser for corneal refractive surgery (keratomileusis) 

1990s Widespread adoption of excimer laser in LASIK and PRK 

Early 2000s Emergence of femtosecond lasers for corneal flap creation in LASIK 

Mid 2000s Application of femtosecond lasers in cataract surgery (capsulotomy, lens fragmentation) 

2010s Introduction of robotic platforms (e.g., Preceyes) for vitreoretinal microsurgery 

2016 First human trials of robot-assisted retinal vein cannulation and subretinal injection 

Late 2010s Expansion of femtosecond laser applications in keratoplasty and complex cataracts 

2020s Integration of AI with robotic and laser systems; exploration of telesurgery in ophthalmology 

Future Personalized robotic-laser-AI hybrid platforms; global expansion of tele surgical ophthalmology 

 

Table 3: Subspecialty-wise comparison of conventional vs. laser- and robotic-assisted techniques in ophthalmic surgery 

Subspecialty Conventional (Manual) Techniques Laser- and Robotic-Assisted Techniques 

Cataract Surgery Manual capsulorhexis and 

phacoemulsification; variable incision sizes 

Femtosecond laser-assisted capsulotomy, corneal 

incisions, and lens fragmentation with reproducible 

precision 

Refractive Surgery Mechanical microkeratome for corneal flap 

creation (LASIK); PRK with manual 

excimer ablation 

Femtosecond laser for flap creation; excimer laser 

with image-guided platforms for highly customized 

ablations 

Vitreoretinal Surgery Manual membrane peeling, subretinal 

injections, and vein cannulation; higher risk 

of retinal damage 

Robotic platforms stabilize instruments for 

microscale manoeuvres; precise subretinal injections 

and vascular cannulations 

Corneal Surgery Manual trephination and sutured grafts in 

keratoplasty 

Femtosecond laser-assisted corneal incisions, 

lamellar dissections, and sutureless graft placement 

Glaucoma Surgery Manual trabeculectomy and tube shunt 

implantation 

Emerging use of femtosecond lasers for precise 

sclerostomy; robotic assistance under exploration 

Orbital and 

Oculoplastic Surgery 

Manual dissection and tumour excision; 

limited by access and visibility 

Robotic-assisted minimally invasive resections with 

enhanced visualization and dexterity; potential 

applications in orbital oncology 

Strabismus Surgery Manual recession and resection of 

extraocular muscles 

Early development of robotic systems to enhance 

precision and reduce variability 

 

Table 4: Advantages and limitations of robotics and lasers in ophthalmology 

Aspect Advantages Limitations 

Precision Micron-level accuracy; tremor elimination; 

consistent outcomes 

Dependent on calibration, imaging 

resolution, and system integration 

Reproducibility Standardized and automated procedures; 

reduced inter-surgeon variability 

Limited adoption and validation in 

large multicentred studies 

Safety Reduced iatrogenic trauma; controlled 

energy delivery (lasers) 

System errors or failures could 

introduce new risks 
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Ergonomics Minimizes surgeon fatigue and 

musculoskeletal strain 

Requires adaptation to new interfaces 

and workflows 

Learning & Training Simulation, haptic feedback, and AI-

assisted learning reduce training risks 

Steep learning curve; extensive training 

required for mastery 

Patient Outcomes Faster recovery, fewer complications, 

improved visual outcomes 

Long-term outcomes not yet fully 

validated 

Access & Cost Potential to expand advanced care with 

telesurgery and automation 

High acquisition and maintenance 

costs; limited availability in resource-

poor settings 

 

Table 5: Key robotic and laser platforms in ophthalmic surgery 

Platform/System Type Key Features Applications Current Clinical 

Status 

Preceyes Surgical 

System 

Ophthalmic 

robotic 

platform 

Micron-level precision, 

tremor elimination, 

telemanipulation 

Vitreoretinal surgery 

(membrane peeling, 

subretinal injections) 

Early clinical trials, CE-

marked in Europe 

Da Vinci Surgical 

Robot 

General 

robotic 

system 

Multi-arm robotic control, 

3D visions, tremor filtration 

Orbital and oculoplastic 

surgery (tumour 

resection, reconstructive 

surgery) 

Widely used in general 

surgery; adapted 

experimentally in 

ophthalmology 

Micron Handheld 

Microrobot 

Handheld 

robotic tool 

Active tremor cancellation, 

enhanced instrument 

stability 

Retinal microsurgery Prototype stage, 

experimental 

LenSx Laser Femtosecond 

laser 

Precise corneal incisions, 

capsulotomy, lens 

fragmentation 

Cataract surgery Widely adopted; FDA-

approved 

Catalys Precision 

Laser System 

Femtosecond 

laser 

Image-guided planning, 

customizable parameters 

Cataract surgery Clinically established 

Victus Femtosecond 

Laser 

Femtosecond 

laser 

Multi-application platform 

(cataract + corneal surgery) 

Cataract and refractive 

surgery 

Clinically established 

Excimer Laser 

Platforms (e.g., 

VISX, WaveLight) 

Excimer laser UV laser ablation with 

wavefront/ topography-

guided modes 

Refractive surgery 

(LASIK, PRK) 

Globally adopted, gold 

standard 

 

Although these benefits have been reported, practical 

limitations remain with the application of laser and robotic 

systems. High costs, deep learning curves, and issues of 

accessibility are important barriers, especially where low-

resource settings are involved.7,28,32 Ergonomic factors also 

take priority; robotic systems minimize surgeon fatigue and 

error due to tremor, but lengthy procedures continue to 

necessitate optimal training programs and cognitive ability 

development.18,40,41 Solutions to these limitations are 

necessary for broad-scale applicability and sustainability of 

these technologies. From a global health point of view, 

robotic and laser-based systems can potentially democratize 

sophisticated ophthalmic treatment. Remote telesurgery and 

AI-based platforms can enable specialist surgeons to 

remotely direct operations in under-resourced areas, reducing 

inequality in access to quality eye treatment.19,20 This is 

especially important in areas with high rates of vision-

debilitating disorders such as uncorrected refractive 

disorders, diabetic retinopathy, and intricate cataracts.26,27 In 

short, the robotic and laser-based ophthalmic surgery is not 

an incremental advance but a paradigm shift. With the 

integration of precision, AI-based decision support, and 

ergonomic advantages, these technologies hold the potential 

for safer, more effective, and more accessible surgical care. 

Yet to realize their full transformative value requires 

consistent research, cost optimization, regulatory monitoring, 

and formal training. 

4. Conclusion 

Robotic and laser-assisted eye surgery constitute a revolution 

in contemporary eye care with unparalleled precision, 

tremor-free operations, and compatibility with state-of-the-

art imaging and AI systems. The last decade has seen a 

plethora of studies establishing the safety, effectiveness, and 

practicability of robotic systems in vitreoretinal, cataract, 

strabismus, and orbital surgeries.1-7,10,11,23,33 Femtosecond 

lasers and other laser technologies continue to improve 

accuracy and safety in refractive, corneal, and oculoplastic 

surgeries.8,9,14,24,30  
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4.1. Key takeaways 

1. Improved Surgical Precision and Outcomes: Robotic 

systems diminish physiologic tremor, facilitate 

microscale manipulations, and permit complex 

procedures with greater reproducibility.4,6,10,34  

2. Integration of AI: Artificial intelligence provides real-

time guidance, tissue recognition, and predictive 

analytics, which can improve intraoperative decision-

making and postoperative outcomes.5,13,32  

3. Training and Ergonomics: Robotic platforms enhance 

surgeon ergonomics and alleviate fatigue, while 

simulation-based training mitigates the steep learning 

curve.18,40,41  

4. Limitations: Technical issues (e.g., absence of haptic 

feedback), infrastructure needs, and high costs continue 

to hinder universal adoption.7,12,29,33,38  

5. Future Directions: Miniaturization advancements, tele-

robotic surgery, modular platforms, and AI-supported 

autonomous systems hold the promise to improve 

accessibility and minimize ophthalmic care 

disparities.5,19,20,32  

 

4.2. Recommendations for Clinical Practice and Research 

1. Investment in Training Programs: Develop uniform, 

simulation-based training programs for robotic eye 

surgery to hasten skill development while ensuring 

patient safety.18,40 

2. Cost-Effective Alternatives: Promote the development of 

modular or reusable robotic devices to lower economic 

barriers.29,33 

3. Regulatory and Ethical Readiness: Establish definitive 

guidelines for AI-enabled and semi-autonomous 

interventions, encompassing data protection, patient 

consent, and accountability systems.28 

4. Multidisciplinary Research: Encourage 

multidisciplinary collaborations among engineers, 

ophthalmologists, AI experts, and policymakers to 

ensure optimal system design, performance, and clinical 

integration.5,12 

5. Tele-Robotic Expansion: Pilot projects in underserved 

areas may increase access to specialty care via remote 

robotic treatment.19,20 

6. Long-Term Outcome Studies: Perform prospective, 

multicentred trials comparing robotic and traditional 

methods in various populations to confirm efficacy, cost-

effectiveness, and patient-centred outcomes.1-7,23,33  

 

Robotic and laser-assisted eye surgery have the potential 

to revolutionize the field of eye care by overcoming human 

dexterity deficiency and filling the gap between 

technological precision and human dexterity limitation. In 

addition to being advanced tools, these systems represent a 

marriage of robotics, imaging, and artificial intelligence that 

allows surgeons to undertake tasks previously not feasible or 

extremely dangerous. As an illustration, micro-scale 

vitreoretinal manipulations, accurate corneal incisions, and 

intricate orbital tumour resections can now be done with 

greatly diminished complication rates and better 

reproducibility.4,6,10,23,34 The incorporation of AI also 

improves intraoperative decision-making by providing real-

time analysis, tissue identification, and predictive modeling, 

enabling adaptive intraoperative planning customized to each 

patient's anatomy and pathology.5,13,32 This coming together 

of technologies promises not only to enhance outcomes but 

also to decrease recovery times, minimize postoperative 

complications, and enhance patient satisfaction, thus 

elevating the standard of care overall. 

In addition, robotic platforms solve key problems of 

surgeon fatigue and ergonomics, especially relevant in 

microsurgery involving extended concentration and 

stability.18,40,41 By minimizing physical fatigue, these systems 

can extend surgical careers and enhance consistency in 

complex procedures. From a worldwide point of view, 

robotic and laser-assisted ophthalmology provides a route to 

democratize advanced eye care. Remote robotic surgery, tele-

guidance, and AI-based decision support potentially would 

bring high-quality surgical procedures to underprivileged or 

geographically remote communities, narrowing disparities in 

vision health globally.19,20,32  

The full transformative power of these technologies, 

however, is subject to strategic deployment, such as patient 

cost-benefit analysis, ethical framework-setting, regulatory 

clearance, and high-stakes training protocols. 

Interdisciplinary research in clinical, engineering, and policy 

fields will be required to maximize design, availability, and 

clinical integration. In effect, robotic and laser ophthalmic 

surgery is not just an innovation but a revolution. It is the 

vision of a future in which precision, safety, and accessibility 

combine to make available eye care previously aspirational. 

With ongoing investment, research, and training, these 

devices are poised to become standard equipment in everyday 

ophthalmic practice, eventually transforming the level of care 

and patient outcomes globally. 
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