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Abstract: Virtual reality (VR) and augmented reality (AR) technologies have recently gained momentum in medical education and 
show particular promise for ophthalmic surgical training. VR creates immersive, computer-generated environments for simulated 
learning, whereas AR enhances the real-world by superimposing interactive digital elements. Traditional microsurgical training relies 
on wet-lab practice using model or cadaver eyes, as well as operative experience on live patients. The educational value of wet-lab 
training often depends on time-intensive direct supervision by a senior surgeon, while early surgical experience on live patients is 
associated with higher complication rates among novice surgeons. Virtual reality technologies offer a structured learning environment 
in which ophthalmology residents can practice independently without relying on senior supervision or live patients. By expanding 
opportunities for early skills practice while reducing patient risk, these tools may serve as a valuable adjunct to supervised operative 
training during the initial stages of surgical skill acquisition. New applications are emerging for commercially available VR headsets 
such as the Apple Vision Pro and Meta Quest, while standalone simulators like Haag-Streit Eyesi, HelpMeSee, and Alcon Fidelis have 
been developed specifically for ophthalmology. These platforms support immersive training environments, with tools such as 
RetinaVR for vitrectomy simulation and the AAO VR Education app for retinopathy of prematurity diagnosis. The Apple Vision 
Pro, paired with the ZEISS Surgery Optimizer application, enables three-dimensional surgical video recording, supports case storage 
and review by trainees, and facilitates learning from procedures performed by experienced surgeons. Compared to traditional 
simulators, these innovations reduce cost and hardware barriers, while enhancing scalability and customization. Standalone simulators 
such as HelpMeSee offer validated modules for manual small incision cataract surgery and phacoemulsification, while Alcon Fidelis 
introduces high-fidelity haptics and foot-pedal functionality to simulate intraocular procedures. Many established simulators such as 
HelpMeSee and Eyesi demonstrate stronger evidence of construct validity, whereas newer consumer-based platforms currently have 
more limited ophthalmic validation. Looking ahead, the integration of artificial intelligence with VR systems may further personalize 
surgical education by analyzing surgical recordings to estimate complication risk and skill progression. In this Perspective article, we 
synthesize findings from peer reviewed studies alongside recent reports describing emerging VR platforms to compare levels of 
validation across technologies, identify current evidence gaps, and assess the potential of these immersive platforms to make surgical 
training more affordable, efficient, and widely accessible. 
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Introduction
While both virtual reality (VR) and augmented reality (AR) technologies have existed since the 1990s, technological 
advancements within the past decade have significantly expanded their applications in medicine.1 Simulation-based learning 
is grounded in educational theories, including deliberate practice and experiential learning.2,3 Deliberate practice emphasizes 
structured repetition of tasks with immediate feedback to progressively refine performance, while experiential learning 
conceptualizes skill acquisition as a cyclical process involving concrete, real-world experience, reflective observation, abstract 
conceptualization, and active experimentation.2,3 Within this framework, immersive simulation provides a structured envir
onment for active experimentation and skill rehearsal prior to real-world clinical exposure.3 Together, these models support the 
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use of immersive simulation as a supplement to traditional surgical education with the potential to accelerate technical skill 
development in controlled environments.2,3 VR refers to the creation of a simulated environment, often experienced through 
a head-mounted display that delivers visual, auditory, and tactile information, allowing users to navigate digital scenarios as if 
they were physically present.4 Conversely, AR utilizes a headset capable of superimposing digital contents onto the real- 
world, thus displaying a real and simulated experience simultaneously.1 In ophthalmic training, junior residents have higher 
rates of surgical complications than senior trainees, and among all trainees, complication rates increase with case complexity, 
showcasing the challenges of acquiring surgical proficiency solely through conventional operative exposure.5,6 VR and AR 
technologies have been implemented to enable trainees to practice surgical techniques on virtual patients, enhancing their 
skills and reducing errors before operating on real patients, thereby serving as an adjunct to supervised operative training, 
particularly during the early stages of residency.7 Additionally, VR and AR allow trainees to practice simple tasks without 
continuous supervision by medical staff, reducing cost and increasing training efficiency.7 In ophthalmology, specific VR and 
AR tools have emerged for surgical training. These include applications for commercially available headsets and dedicated 
simulators developed for ophthalmic education (Figure 1). Standalone systems such as Eyesi and HelpMeSee generate virtual 
environments composed of surgical microscopes, artificial eyes, and surgical instruments for cataract surgical training.8,9 

These simulators also concurrently record parameters such as instrument handling, efficiency, and complications.8,9 More 
recently, applications developed for devices like the Apple Vision Pro and Meta Quest have introduced a lower-cost, scalable 
approach to immersive surgical education.

Current Innovations
Platforms such as Apple Vision Pro primarily support immersive 3D surgical video review and case analysis, comple
menting rather than replacing interactive task-based simulation.10 Commercial headsets like the Apple Vision Pro and 
Meta Quest, along with standalone ophthalmology simulators such as Haag-Streit Eyesi, HelpMeSee, and Alcon Fidelis, 
have expanded opportunities for ophthalmic surgical training through recent technological advancements. To inform this 
Perspective, we reviewed peer reviewed studies identified through searches of PubMed and Google Scholar evaluating 
VR and AR applications in ophthalmic surgical education, alongside recent reports describing emerging immersive 
technologies. We utilized combinations of keywords including, “virtual reality,” “augmented reality,” “mixed reality,” 

Figure 1 Overview of virtual reality (VR) platforms and applications used in ophthalmic surgical training. 
Notes: “*” indicates VR modalities with evidence of validation. 
Abbreviations: AAO, American Academy of Ophthalmology; VR, Virtual Reality; App, Application.
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“simulation,” “ophthalmology,” “surgical training,” “cataract surgery,” “phacoemulsification,” “manual small incision 
cataract surgery,” “vitrectomy,” “retinopathy of prematurity,” and the names of various platforms discussed in this 
manuscript including Apple Vision Pro, ZEISS Surgery Optimizer, Meta Quest, RetinaVR, AAO VR Education, Eyesi, 
HelpMeSee, and Alcon Fidelis. Studies were selected based on relevance to ophthalmic surgical education. Given the 
rapidly evolving nature of this field, we aimed to critically synthesize established validation data with emerging platforms 
in order to contextualize current evidence and identify areas for further investigation.

Apple Vision Pro
The Apple Vision Pro is a mixed reality headset that was released in the United States in February 2024.10 Unlike 
platforms such as Eyesi, HelpMeSee, and RetinaVR, which operate exclusively in VR environments, the Apple Vision 
Pro incorporates digital overlays into the physical world using inputs such as hand gestures, eye tracking, and voice 
commands.10 The device offers high-resolution visual display capabilities, potentially supporting clearer surgical video 
review.10 Preliminary research has suggested that extended reality systems like the Apple Vision Pro may offer future 
applications in ophthalmology, including support for diagnostic screening and visual rehabilitation in conditions such as 
strabismus.11 Additionally, access to the Apple App Store allows developers to design applications for ophthalmic 
microsurgical education, potentially expanding the device’s utility in surgical training.

As the Apple Vision Pro has just recently launched, its current use in educating ophthalmology trainees remains limited. 
However, ZEISS recently released the ZEISS Surgery Optimizer software for the Apple Vision Pro, offering an immersive 
platform for reviewing surgical cases that may support intraocular surgical skill development (Table 1).12 Video-based review 
has been shown to improve learning outcomes in various disciplines by enhancing cognitive skills such as decision-making.13 

Currently, ophthalmology trainees often record their cataract surgeries while operating with a surgical microscope and later 
review two-dimensional footage on a computer to identify areas for improvement. However, the ZEISS Surgery Optimizer 
app allows residents to upload and archive surgical cases for later review, and also provides access to cases shared by other 
surgeons, facilitating exposure to a wider range of surgical techniques.12 Unlike traditional two-dimensional video review, the 
app enables three-dimensional visualization that simulates the view through a surgical microscope.12,14 In surgical education, 
video review has demonstrated greater efficacy than traditional teaching, and the incorporation of three-dimensional 
modalities into video review has been associated with faster acquisition of surgical skills and improved theoretical under
standing of techniques.15 Specifically, the use of 3D video imaging technology in surgical visualization and training has 
demonstrated favorable educational outcomes in many surgical subspecialties including neurosurgery,16,17 general surgery,18 

otolaryngology,19 and urology,20 suggesting that similar 3D technology in the Apple Vision Pro may offer educational benefit. 

Table 1 Key Features and Purpose of VR Simulators

Software/Platform Key Features Used Primary Purpose

Eyesi VR simulator with surgical microscope, artificial eyes, and 
instrument tracking

Cataract and vitreoretinal surgical training

ZEISS Surgery Optimizer 
(Apple Vision Pro)

3D video visualization, eye tracking, and voice commands Video-based surgical review

RetinaVR (Meta Quest) VR modules with object tracking (target area exits, 
membrane grabs, laser placement)

Vitrectomy training

AAO VR Education App 
(Meta Quest)

AR and VR simulation of indirect ophthalmoscope, laser 
photocoagulation, and intravitreal injections

Retinopathy of prematurity diagnosis and 
management

HelpMeSee Diverse VR simulation modules with haptic feedback and 
detailed task metrics tracking

Cataract training (Manual Small Incision Cataract 
Surgery and Phacoemulsification)

Alcon Fidelis Haptic feedback engines and integrated footswitch for tactile 
simulation

Cataract training (Phacoemulsification)

Abbreviations: VR, Virtual Reality; AAO, American Academy of Ophthalmology; 3D, 3 Dimensional.
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Within ophthalmology, three-dimensional viewing systems have been deployed in vitreoretinal surgery, which have demon
strated the potential to bolster resident and fellow comprehension of intraocular anatomy.21–23 While formal validation studies 
are not yet available, the ZEISS Surgery Optimizer represents a novel attempt to integrate three-dimensional video review into 
ophthalmology training using a commercially available mixed reality headset. Future updates may include AI-assisted video 
parsing to enhance feedback and learning efficiency. As an emerging technology, the discussion of the Apple Vision Pro within 
this Perspective aims to identify areas requiring formal validation and to promote rigorous, evidence-based comparison with 
established simulation platforms through future studies.

Meta Quest
The Meta Quest 3 released in 2023 as the newest version of the Meta Quest headset and offers both VR and AR functionality.24 

The device offers improved display resolution compared to earlier models, which may support enhanced visual clarity.24 

Within Meta Quest, newly developed apps such as RetinaVR have provided immersive VR training modules for developing 
skills necessary for vitrectomy surgery.25 Antaki et al designed RetinaVR and compared novice ophthalmology residents with 
no surgical experience to fellowship-trained vitreoretinal surgeons with an average of approximately 16 years of surgical 
experience.25 Participants were assessed on efficiency, measured by module completion time, and safety, evaluated by the 
number of iatrogenic retinal touches.25 Additional module-specific metrics were recorded, including exits from the target area, 
deviations from the shaving path, number of membrane grabs, and number and location of laser applications.25 For efficiency 
metrics, there were no significant differences in module completion time between novices and experts.25 However, experts 
achieved significantly higher safety scores in the membrane peeling module and scored significantly higher on the core 
vitrectomy module-specific tasks.25 Finally, experts demonstrated significantly greater precision in laser placement within the 
endolaser application module.25 Because RetinaVR performance appears to correlate with surgical experience and proficiency 
across several modules, the platform demonstrates preliminary construct validity, indicating that it can distinguish between 
users of differing expertise based on their performance within the simulator.25 However, given the small sample size of 20 
surgeons included in the study and the high variance observed within the novice cohort, larger studies should be performed to 
enable more robust statistical analysis and confirm construct validity.25

In late 2024, the American Academy of Ophthalmology collaborated with FundamentalVR to develop the AAO VR 
Education app for the Meta Quest platform, aimed at training users in the diagnosis of retinopathy of prematurity 
(ROP).26 The app allows ophthalmology trainees to simulate examinations of virtual infants using digital tools such as an 
indirect ophthalmoscope, scleral depressor, and BIO lens, and includes modules for familiarization with common 
treatment steps such as laser photocoagulation and intravitreal injections.26 This app may help expand exposure to ROP- 
related training, particularly in settings where opportunities for hands-on experience with pediatric patients are limited. 
However, while RetinaVR has demonstrated preliminary construct validity for surgical skill assessment, the AAO VR 
Education app has not yet undergone formal validation studies, and its educational impact remains to be determined.

Ophthalmic Surgical Simulators
Over the last few years, a variety of standalone VR simulators, such as Eyesi, HelpMeSee, and Alcon Fidelis, have been 
developed specifically for ophthalmic surgical training. The Eyesi surgical simulator, introduced in 2004,27 is among the 
earliest standalone virtual reality platforms and has since become the most extensively studied and widely adopted simulator in 
ophthalmic surgical training, with multiple studies demonstrating its construct validity.27–29 The simulator is primarily used 
for phacoemulsification and vitreoretinal training and consists of a microscope-based system with three-dimensional visua
lization, a mannequin head with a virtual eye, and foot pedal controls, providing a platform that has been shown to enhance 
surgical performance, reduce intraoperative complication rates, and improve trainee confidence.30 While Eyesi provides 
a well-established benchmark for simulation-based training, newer standalone simulators such as HelpMeSee and AlconVR 
have been developed to expand procedural training capabilities, improve accessibility across diverse training environments, 
and incorporate features such as haptic feedback.

HelpMeSee was initially designed to train surgeons in Manual Small Incision Cataract Surgery (MSICS), offering a modality 
particularly useful in low- and middle-income countries where access to phacoemulsification is limited.31 Hutter et al (2023) 
compared novice ophthalmologists with no cataract surgery experience or experience limited to phacoemulsification to a group 
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of experienced surgeons proficient in both phacoemulsification and MSICS, using the HelpMeSee simulator.31 Participants 
completed a series of simulated MSICS tasks, such as creating a scleral groove, dissecting a tunnel, performing a capsulorrhexis, 
conducting hydrodissection and nuclear dislocation, delivering the nucleus, and inserting the intraocular lens.31 Each task was 
graded using specific performance metrics, such as achieving the correct groove length, maintaining an appropriate length of 
inner tunnel limit, forming a capsulorrhexis of ideal size, and avoiding endothelial touch.31 In total, 30 distinct metrics were 
assessed across the tasks, creating a maximum score of 30 points and a passing threshold defined as 20 points.31 Novices 
achieved a mean score of 15.5 (±3.0), while experienced surgeons achieved a mean score of 22.7 (±4.3), demonstrating 
a statistically significant difference.31 Only 6.7% of novice ophthalmologists achieved a passing score, compared to 70% of 
experienced surgeons.31 These findings support the construct validity of the HelpMeSee simulator, as it was able to differentiate 
between novice and experienced MSICS surgeons based on objective performance metrics.31 However, the study included only 
25 participants, comprising 15 novices and 10 experts,31 highlighting the need for future studies with larger sample sizes to 
confirm construct validity. As a key component of MSICS, scleral tunnel construction has also been specifically studied using the 
HelpMeSee simulator.32 In another study, resident ophthalmologists were randomized into experimental and control groups.32 

Residents in the experimental group were trained to perform scleral tunnel construction using learning modules on HelpMeSee.32 

In contrast, residents in the control group received traditional training based on their institution’s curriculum, without the use of 
HelpMeSee.32 Subsequently, both groups performed live surgical training under the supervision of experienced surgeons.32 

Residents were evaluated based on the number of errors during their first 20 procedures, including major errors such as uveal 
prolapse, buttonhole incision, Descemet membrane detachment, and tunnel laceration, as well as minor errors such as endothelial 
touch or contact with the iris or lens.32 Residents in the experimental group trained with HelpMeSee committed 52% fewer major 
errors than those in the control group, a statistically significant difference.32 Additionally, the experimental group committed 41% 
fewer minor errors, but this difference did not reach statistical significance.32 Together, these studies support the utility of 
HelpMeSee as a validated tool for MSICS training, demonstrating reductions in surgical error rates and the ability to distinguish 
between varying levels of surgical experience.

Starting in 2023, HelpMeSee introduced phacoemulsification training modules, and a subsequent study provided pre
liminary evidence supporting their construct validity.27 Participants were divided into expert and intermediate groups, based 
on whether they had performed more or fewer than 300 cataract surgeries, respectively.27 Participants were graded using 
a point-based system, with deductions applied for significant errors made during phacoemulsification modules.27 A variety of 
HelpMeSee modules were included, such as capsulorhexis, hydrodissection, irrigation and aspiration for cortex removal, and 
intraocular lens insertion and replacement, among others.27 Participants could achieve a maximum score of 46 points if no 
errors were committed across any modules.27 Expert surgeons achieved a mean score of 35.8 (±1.5), significantly higher than 
the 27.2 (±2.3) mean score of intermediate surgeons.27 By supporting both MSICS and phacoemulsification, HelpMeSee 
offers a unique advantage through its validated, simulation-based training platform, expanding cataract surgery training 
beyond phacoemulsification for residency programs that do not routinely include MSICS.27

Alcon Fidelis, introduced in 2024, is a standalone VR simulator that integrates a head-mounted display with a haptic 
feedback system to replicate both visual and tactile aspects of cataract surgery.33 Specifically, haptic engines simulate the 
tactile sensations of surgical instruments interacting with ocular structures, while an integrated footswitch replicates the 
foot-operated controls used in actual cataract surgery.33 Construct validity has not yet been demonstrated for Alcon 
Fidelis, but its integration of high-fidelity haptics suggests potential for future development as a realistic cataract surgery 
training tool.

Discussion
The Eyesi Ophthalmic Surgical Simulator remains the gold standard simulated surgical environment for ophthalmologic 
training and has been steadily adopted by residency programs worldwide as part of their core surgical curriculums.27 

Previous systematic reviews on simulation-based ophthalmic training have shown that Eyesi is the most extensively 
studied VR surgical simulator, with dozens of validity studies demonstrating its utility.28,29 These reviews provide 
preliminary evidence that VR-based surgical modalities can improve operative performance when compared with 
traditional teaching approaches.29,34 Notably, extended reality (XR) platforms, encompassing both VR and AR, have 
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been associated with significant reductions in cataract surgery complication rates, such as posterior capsular rupture, and 
with shorter operative times among trainees compared to control groups not exposed to XR-based training.34

The majority of current evidence is focused on cataract simulators, whereas fewer studies have examined vitreoretinal 
procedures.28,29 Among available platforms, Eyesi is the most extensively validated, with multiple studies confirming its 
construct validity and demonstrating measurable improvements in surgical skill acquisition.28,29 However, the benefits of 
Eyesi training appear to be greatest among novice residents, and its impact in more experienced trainees may be 
comparable to that of traditional wet-lab training using animal or cadaveric tissue.29 Combining wet-lab training with 
Eyesi simulation may provide the most robust improvements, with greater reductions in operative errors than either 
modality alone.29 Furthermore, cataract surgery simulators appear to confer skill enhancement only for the specific 
procedures being practiced.28 For example, proficiency gained through cataract surgery simulation on Eyesi may not 
readily translate to its vitreoretinal modules, highlighting the need for a broader range of modules and procedure-specific 
curricula.28,35,36 By expanding the breadth of available training modules, emerging platforms such as Apple Vision Pro 
and Meta Quest could address the current challenge of limited skill transferability across surgical domains.

Despite its popularity and established evidence base, Eyesi is not without limitations. The Eyesi simulator has high upfront 
($169,000+) and maintenance costs ($26,000+/year).37 HelpMeSee and AlconVR likely have similarly high costs, though 
specific pricing data remain limited. In contrast, commercial headsets like the Apple Vision Pro and Meta Quest 3 offer a more 
affordable entry point for institutions.38,39 Lower cost platforms may contribute to the democratization of surgical training by 
reducing barriers to access, particularly in low- and middle-income regions where cost-prohibitive systems such as Eyesi are 
less feasible. However, even low-cost headsets require software licenses, compatible devices, and ongoing support that may 
contribute to recurring expenses.39 As technology improves, hybrid models using both standalone systems and consumer 
hardware may become viable for comprehensive training.39 Alongside financial considerations, practical challenges to VR 
implementation should also be considered, including integration into residency curricula, faculty time requirements, and data 
storage and privacy considerations for surgical video recording.

Evidence supporting VR platforms in ophthalmology spans several domains, including construct validity, educational 
outcomes within simulated environments, and clinical outcomes in live surgical settings. Established systems such as 
Eyesi and HelpMeSee demonstrate construct validity and, in some studies, reduced surgical error rates among trainees.27– 

29,34 In contrast, emerging consumer-based platforms, including Apple Vision Pro and Meta Quest applications, currently 
demonstrate limited validation, with few data on downstream clinical outcomes. For example, platforms such as the AAO 
VR Education app and Alcon Fidelis lack evidence of construct validity. Additionally, although the use of 3D video has 
been associated with faster learning,15 tools like the ZEISS Surgery Optimizer app currently lack direct evidence 
demonstrating superiority over traditional teaching methods. While RetinaVR and HelpMeSee have demonstrated 
construct validity in preliminary studies,25,31 larger investigations are still needed to better quantify performance 
differences between novice and experienced surgeons.

Another limitation of current commercial headsets such as the Apple Vision Pro and Meta Quest 3 is the lack of haptic 
feedback, which reduces their ability to replicate surgical instrument handling. In contrast, Alcon Fidelis incorporates high- 
fidelity haptics,33 though likely at a higher overall cost, underscoring a trade-off between affordability and fidelity that 
residency programs will need to weigh when considering integration of these platforms into training curricula.

Artificial intelligence may advance these platforms by enabling automated skill assessment and tailored feedback. For 
example, AI tools now detect surgical instruments, identify phases of cataract surgery, and assess complications from operative 
videos.40 In a systematic review, Müller et al (2024) examined 12 AI models developed for surgical instrument detection and 
compared their reported area under the receiver operating characteristic curve (ROC AUC) values.40 Reported ROC AUC values 
for these models ranged from 0.976 to 0.998.40 An additional 17 models focused on surgical phase recognition, with ROC AUC 
values ranging from 0.772 to 0.990 and accuracy values ranging from 0.645 to 0.978.40 Finally, nine models aimed to estimate 
surgical skill or recognize complications, such as lens instability, and reported ROC AUC values ranged from 0.570 to 0.970.40,41 

A key limitation, however, is the lack of standardization in reporting metrics; studies variably report outcomes such as accuracy, 
sensitivity, specificity, or ROC AUC, making comparisons across models difficult.40 While ROC AUC values for instrument 
detection approach 1.0, performance remains more variable for tasks such as phase recognition, skill assessment, and complica
tion detection, highlighting the need for further refinement and validation.40 With further development, AI-based complication 
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prediction and surgical efficiency assessment tools may eventually integrate with VR-based platforms, such as those incorporat
ing 3D surgical video capture, to support personalized, data-driven surgical training. Standardized benchmarks will be needed to 
meaningfully evaluate AI-based tools in VR education.

Conclusion
VR platforms are expanding ophthalmic education, with some, but not all, technologies already demonstrating promising 
validity. Rigorous comparative studies evaluating VR alongside traditional surgical training models are still needed. 
Further, many existing investigations are limited by small cohorts, heterogeneity among novice trainees, and inconsistent 
performance metrics, underscoring the importance of larger, standardized studies with long-term follow-up.

The future may involve integration of AI-driven analytics and 3D surgical environments capable of simulating 
complex intraoperative scenarios ranging from shallow chambers to zonular dialysis. With continued validation, VR- 
based platforms could significantly elevate the scope and effectiveness of ophthalmic surgical training.
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