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ABSTRACT:

Background:

Artificial Intelligence (AI) and Machine Learning (ML) have emerged as transformative tools in ophthalmology, enhancing disease detection, treatment planning,
and surgical precision. AI-driven deep learning models have demonstrated significant potential in diagnosing conditions such as diabetic retinopathy, glaucoma,
and age-related macular degeneration (AMD). Additionally, AI-assisted retinal imaging is being explored as a non-invasive biomarker for neurodegenerative and
cardiovascular diseases. However, concerns regarding clinical applicability, ethical considerations, and the role of human expertise remain.

Methods:

This article reviews recent advancements in AI applications in ophthalmology, focusing on automated disease detection, AI-assisted surgeries, predictive
analytics for treatment response, and AI-driven teleophthalmology. It also examines the challenges of AI integration, including data bias, regulatory hurdles, and
the limitations of AI-based decision-making.

Results:

AI-powered diagnostic tools have achieved accuracy levels comparable to or surpassing human ophthalmologists in multiple studies, particularly in the detection
of diabetic retinopathy and glaucoma. AI-assisted robotic surgery has improved precision and outcomes in complex ophthalmic procedures. Teleophthalmology
solutions integrated with AI have expanded access to eye care in remote areas. However, limitations persist in data diversity, generalizability, and ethical
considerations, preventing full-scale clinical adoption.

Conclusions:

AI is reshaping ophthalmology by enhancing diagnostic accuracy, optimizing treatment, and expanding access to eye care. However, it is not a replacement for
ophthalmologists but rather an assistive tool that complements human expertise. The future of ophthalmology lies in AI-human collaboration, where AI improves
efficiency and decision-making while ophthalmologists provide clinical judgment and patient-centered care. Addressing challenges such as data bias, ethical
concerns, and regulatory approval will be essential for AI’s responsible and widespread integration into clinical practice.

1.INTRODUCTION :

The intersection of Artificial Intelligence (AI) and Machine Learning (ML) with ophthalmology marks one of the most exciting advancements in
modern medicine. As the global prevalence of eye diseases continues to rise, AI is rapidly emerging as a powerful tool in transforming the landscape of
eye care. With its unparalleled ability to process vast amounts of data, AI is enabling early, more accurate diagnoses, personalized treatment plans, and
precision-driven surgeries—offering new hope for patients worldwide.

Today, AI’s potential is being realized in the detection of diabetic retinopathy, glaucoma, and age-related macular degeneration (AMD)—conditions
that impact millions of lives each year. By analyzing complex retinal images, AI models are proving to be as, if not more, accurate than human
specialists, allowing for early intervention that can prevent blindness. Beyond diagnostics, AI is also reshaping surgical procedures with robotic
assistance, enhancing precision in delicate eye surgeries, and pushing the boundaries of personalized medicine with predictive models that optimize
treatment outcomes.

However, the question remains: Can AI replace the human ophthalmologist? While AI undoubtedly augments and accelerates ophthalmic practices, it is
not poised to replace the human touch that forms the backbone of medicine. Instead, the future of ophthalmology lies in a synergistic collaboration,
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where AI acts as an indispensable assistant, amplifying the capabilities of skilled ophthalmologists to deliver better, faster, and more accessible care to
patients around the globe. This article explores how AI is reshaping the field of ophthalmology, the opportunities it presents, and the challenges that
must be navigated to ensure its responsible and effective integration into clinical practice.

2.AI in Disease Detection and Diagnosis :

One of the most revolutionary applications of Artificial Intelligence (AI) in ophthalmology is its ability to detect and diagnose ocular diseases with
precision that rivals, and in some cases, surpasses, human ophthalmologists. By leveraging deep learning algorithms and neural networks, AI can
analyze complex ophthalmic images, recognize pathological patterns, and provide rapid, automated diagnoses—significantly reducing diagnostic delays
and improving patient outcomes.

2.1.Diabetic Retinopathy (DR) Detection

Diabetic retinopathy (DR) is a leading cause of preventable blindness worldwide. Traditional screening methods rely on fundoscopic examinations and
optical coherence tomography (OCT), which require trained specialists and can be resource-intensive. AI-powered models, however, have transformed
this process by offering high-speed, automated DR detection with exceptional accuracy.

• IDx-DR: The first FDA-approved autonomous AI system for DR screening, IDx-DR, detects referable diabetic retinopathy with
a sensitivity of 87.4% and specificity of 89.5% using fundus images.

• Google DeepMind’s AI System: This deep learning model analyzes retinal photographs with accuracy comparable to expert
ophthalmologists, achieving an AUC (Area Under Curve) of 0.95 in DR detection.

• Teleophthalmology Integration: AI-powered DR detection is being integrated into telemedicine platforms, allowing screening in
remote areas where specialist availability is limited.

By automating DR screening, AI significantly reduces ophthalmologist workload, allowing early intervention and preventing vision loss in diabetic
patients.
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2.2.Glaucoma Screening

Glaucoma is an irreversible optic neuropathy often diagnosed late, when significant visual field loss has already occurred. AI is changing this paradigm
by detecting early glaucomatous changes in OCT scans, fundus images, and visual fields with remarkable accuracy.

• Retinal Nerve Fiber Layer (RNFL) Analysis: Deep learning models evaluate RNFL thickness in OCT scans, detecting early
glaucomatous damage before functional vision loss occurs.

• Automated Visual Field Interpretation: AI can analyze perimetry test results, identifying subtle visual field defects suggestive of
glaucoma progression.

• Cup-to-Disc Ratio (CDR) Estimation: AI accurately measures the optic nerve head CDR, a key parameter in glaucoma diagnosis,
reducing inter-observer variability.

AI-based glaucoma screening programs are being deployed in primary care settings and community health centers, enabling early detection and timely
referrals.

2.3.Age-Related Macular Degeneration (AMD) Detection

AMD is a major cause of vision impairment in the elderly, particularly in its neovascular (wet) form, which requires early anti-VEGF treatment for
optimal outcomes. AI models are proving invaluable in detecting and classifying AMD using OCT and fundus images.

• Deep Learning-Based OCT Analysis: AI detects early drusen, subretinal fluid, and pigment epithelial detachment—key markers
of AMD progression.

• Predictive Analytics for AMD Progression: ML models can forecast disease progression, aiding in individualized treatment
planning.

• Treatment Response Prediction: AI helps predict patient response to anti-VEGF therapy, optimizing treatment frequency and
improving long-term visual outcomes.

AI-driven AMD detection is being integrated into routine screening programs, ensuring that high-risk individuals receive prompt intervention.

2.4.Retinal Imaging as a Biomarker for Systemic Diseases

Beyond ophthalmic disorders, AI is unlocking the potential of retinal imaging as a biomarker for detecting systemic diseases. Since the retinal
vasculature reflects microvascular changes occurring in the brain and cardiovascular system, AI-based retinal analysis is emerging as a non-invasive
diagnostic tool for conditions such as:

• Alzheimer’s Disease and Neurodegeneration: AI detects retinal nerve fiber layer thinning and vascular abnormalities associated
with early neurodegeneration, aiding in preclinical Alzheimer’s disease detection.

• Cardiovascular Risk Assessment: AI-driven analysis of retinal blood vessels can estimate hypertension, stroke risk, and coronary
artery disease, offering a quick and non-invasive screening method.

• Diabetes and Systemic Metabolic Disorders: AI can predict HbA1c levels and identify microvascular complications from retinal
fundus images, enabling earlier metabolic disease management.

2.5.Conclusion

AI is fundamentally transforming disease detection and diagnosis in ophthalmology, making screening faster, more accurate, and widely accessible. By
integrating AI into routine eye care, early intervention becomes possible, preventing vision loss and improving patient outcomes. The ongoing
development of multi-disease AI screening platforms could soon allow a single retinal scan to diagnose multiple ocular and systemic diseases, marking
a new frontier in preventive medicine.

3. AI in Surgery and Treatment Planning :

AI is playing an increasingly significant role in ophthalmic surgery and treatment planning, enhancing precision, reducing complications, and
personalizing therapeutic approaches. By integrating machine learning algorithms, computer vision, and robotics, AI is transforming complex surgical
procedures and enabling more patient-specific treatment strategies, ultimately improving clinical outcomes.
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3.1.AI-Assisted Robotic Eye Surgery

Ophthalmic surgeries, particularly vitreoretinal procedures, require extreme precision, often down to micrometer levels. The integration of AI-powered
robotic assistance has significantly improved surgical accuracy, tremor reduction, and real-time intraoperative decision-making.

• PRECEYES Surgical System: One of the most advanced robotic platforms in ophthalmic surgery, the PRECEYES system
enhances a surgeon’s ability to perform delicate vitreoretinal procedures with sub-micrometer precision. The system provides stable, tremor-free
control, allowing for safer and more efficient surgeries, especially in conditions like epiretinal membrane peeling, retinal vein cannulation, and gene
therapy delivery.

• AI-Guided Robotic Assistance: Machine learning algorithms can analyze real-time intraoperative imaging to assist in surgical
decision-making, improving instrument positioning, depth perception, and tissue manipulation. AI-driven guidance systems are particularly beneficial
in retinal detachment repair, macular hole surgery, and corneal transplantation.

• Minimally Invasive Surgery (MIS) Optimization: AI-powered robotic systems enable minimally invasive procedures, reducing
surgical trauma, recovery time, and postoperative complications. This is particularly crucial for complex retinal surgeries, where delicate manipulation
of intraocular structures is essential.

AI-driven robotic eye surgery is paving the way for fully autonomous microsurgical procedures, where AI assists the surgeon in real-time, enhancing
both safety and precision.

3.2.Personalized Treatment Planning

One of the most groundbreaking applications of AI in ophthalmology is its ability to personalize treatment strategies based on patient-
specific disease patterns, progression rates, and predicted treatment responses. Instead of the traditional one-size-fits-all approach, AI models are
enabling precision medicine tailored to individual patients.

• Predicting Response to Intravitreal Injections: Patients with age-related macular degeneration (AMD) or diabetic macular edema
(DME) require frequent anti-VEGF intravitreal injections. AI algorithms analyze retinal imaging data (OCT scans, fundus images) to predict which
patients will respond best to specific anti-VEGF agents (e.g., ranibizumab, aflibercept, bevacizumab). This prevents unnecessary treatments and
reduces patient burden.

• AI-Guided Dosing Schedules: Traditional treatment regimens for retinal diseases often follow fixed injection schedules, leading
to overtreatment or undertreatment. AI models, trained on longitudinal patient data, optimize individualized dosing regimens, reducing both treatment
burden and healthcare costs while improving visual outcomes.

• Glaucoma Progression Prediction: AI models can analyze visual field tests and OCT parameters to predict glaucoma progression
rates, helping ophthalmologists decide when to escalate treatment (e.g., switch to surgical options) or when to monitor conservatively.

3.3.Conclusion

The integration of AI into ophthalmic surgery and treatment planning is revolutionizing patient care by enhancing precision, reducing complications,
and optimizing treatment strategies. AI-assisted robotic surgery is setting new benchmarks in minimally invasive procedures, while AI-driven
personalized treatment planning is ensuring more effective, patient-specific therapeutic approaches. As these technologies continue to advance, AI is
poised to make eye surgeries safer, more predictable, and ultimately more successful.

4. AI in Drug Discovery and Personalized Medicine :

Artificial Intelligence (AI) is revolutionizing drug discovery and personalized medicine in ophthalmology, particularly for retinal degenerative diseases
and other sight-threatening conditions. By leveraging deep learning, neural networks, and bioinformatics, AI accelerates the identification of new drug
candidates, predicts drug interactions, and personalizes treatment regimens based on a patient’s unique genetic and molecular profile.

4.1.AI in Drug Discovery for Retinal Degenerative Diseases

Retinal degenerative diseases, including retinitis pigmentosa (RP), age-related macular degeneration (AMD), and Stargardt disease, often have complex
genetic and molecular mechanisms. Traditional drug discovery is time-consuming, costly, and often inefficient. AI-driven approaches are transforming
this process by:

4.1.1. Identifying New Drug Targets

• AI models analyze large-scale genomic, transcriptomic, and proteomic data to identify novel pathways involved in retinal
degeneration.
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• Example: Deep learning algorithms trained on genetic databases have uncovered new neuroprotective targets for retinitis
pigmentosa, leading to the development of gene therapy candidates.

4.1.2. Predicting Drug-Drug Interactions and Toxicity

• AI models, such as graph neural networks (GNNs) and recurrent neural networks (RNNs), simulate drug interactions with retinal
proteins to predict efficacy and potential toxicity before clinical trials.

• Example: AI-driven analysis has predicted the neuroprotective role of metformin in retinal degenerative diseases, leading to new
clinical trials assessing its effect on AMD.

4.1.3. Repurposing Existing Drugs for Retinal Diseases

• AI analyzes existing FDA-approved drugs to identify compounds that may be effective against retinal conditions, significantly
reducing the time needed for drug approval.

• Example: AI-based drug repurposing identified metformin (a diabetes drug) and rapamycin (an immunosuppressant) as potential
treatments for AMD and diabetic retinopathy due to their anti-inflammatory and neuroprotective effects.

4.2.AI in Personalized Medicine for Ophthalmology

Personalized medicine aims to tailor treatments based on a patient’s genetic makeup, disease progression, and individual response to therapies. AI is
enabling this approach in ophthalmology by:

4.2.1. Genomic-Based Precision Therapy

• AI models analyze patient-specific genetic mutations to guide gene therapy for inherited retinal disorders like:

• Retinitis Pigmentosa (RP): AI helps identify gene mutations (e.g., RHO, RPGR, USH2A) and match them to appropriate gene-editing
therapies (CRISPR-Cas9, antisense oligonucleotides).

• Leber Congenital Amaurosis (LCA): AI-driven gene therapy design has led to the development of Luxturna (voretigene neparvovec), an
FDA-approved gene therapy for RPE65 mutation-associated LCA.

4.2.2 AI-Driven Personalized Drug Dosing

• AI optimizes intravitreal injection dosing for anti-VEGF therapy in AMD and diabetic macular edema (DME) based on individual patient
OCT imaging data.

• Example: AI-powered deep learning models (trained on OCT scans and clinical outcomes) predict optimal dosing intervals for anti-VEGF
drugs (Ranibizumab, Aflibercept, Bevacizumab), reducing the need for frequent injections.

4.2.3.AI in Stem Cell Therapy for Retinal Diseases

• AI models predict the differentiation of stem cells into retinal cells, accelerating the development of stem cell-based regenerative therapies
for retinal diseases.

• Example: AI has been instrumental in optimizing induced pluripotent stem cell (iPSC)-derived retinal pigment epithelium (RPE)
transplantation for dry AMD treatment.

4.2.4Conclusion

AI is revolutionizing drug discovery and personalized medicine in ophthalmology by accelerating new drug identification, optimizing treatment
regimens, and personalizing therapies based on genetic and molecular insights. With continued advancements, AI has the potential to bring life-
changing treatments to patients with retinal degenerative diseases, reduce drug development costs, and improve therapeutic outcomes in ways
previously unimaginable.

5.Challenges and Limitations of AI in Ophthalmology :

AI has revolutionized ophthalmology, particularly in diagnosing diseases like diabetic retinopathy, age-related macular degeneration, and glaucoma.
However, several challenges limit its clinical implementation.
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5.1. Data Bias and Generalizability

• AI models, such as Google’s DeepMind for diabetic retinopathy, are primarily trained on datasets from Western populations.
When applied to Asian, African, or Hispanic populations, their accuracy decreases due to differences in retinal pigmentation, vascular structure, and
disease presentation.

• The lack of standardized global datasets means AI models do not perform equally well across diverse ethnic backgrounds.

• Many datasets contain high-quality images from specialized centers, but AI may fail when exposed to lower-quality images from
real-world clinics.

Example :

Google’s DeepMind model for diabetic retinopathy detection achieved high accuracy on U.S. and U.K. datasets but showed decreased performance
when tested in Indian and Thai populations due to variations in fundus image quality and retinal characteristics.

5.2. Regulatory and Ethical Concerns

• AI-based diagnostic tools require regulatory approvals, such as FDA clearance in the U.S. or CDSCO approval in India, which
can take years due to stringent safety and efficacy evaluations.

• Privacy concerns arise with models like IDx-DR (FDA-approved AI for diabetic retinopathy), which require large datasets,
raising issues about patient data protection and informed consent.

• Some AI systems may be used in clinical practice without rigorous independent validation, leading to ethical concerns about
patient safety.

Example :

IDx-DR, an AI system for detecting diabetic retinopathy, received FDA approval, but concerns remain about its real-world effectiveness in diverse
populations, as it was primarily trained on Western datasets.

5.3. Interpretability and Trust

• Many AI models, including Google’s DeepMind and IBM Watson, function as “black boxes,” providing results without
explaining the reasoning behind their predictions.

• Ophthalmologists may be hesitant to trust AI diagnoses without understanding which retinal features led to a particular decision.

• Efforts to develop explainable AI (XAI) are ongoing, but most clinical AI tools still lack transparency.

Example :

An AI model predicting glaucoma progression based on optical coherence tomography (OCT) scans may indicate a high risk but fail to explain which
structural changes in the optic nerve head contributed to the diagnosis, making it difficult for ophthalmologists to verify.

5.4. Integration into Clinical Workflow

• AI tools must be seamlessly integrated with electronic health records (EHR) and hospital imaging systems, but many models lack
interoperability.

• In busy clinical settings, AI should reduce workload, but some models require additional steps, such as image preprocessing,
making them impractical.

• Many ophthalmologists fear that excessive reliance on AI could diminish clinical skills over time.

Example :

Aravind Eye Hospital in India attempted to implement an AI model for diabetic retinopathy screening but faced difficulties in integrating it with their
existing workflow, causing delays rather than efficiency gains.

5.5. Performance Variability

• AI models like Google’s DeepMind for age-related macular degeneration (AMD) may perform well in research settings but
struggle in real-world clinics where image quality is inconsistent.
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• Variability in imaging devices affects AI accuracy. Fundus cameras from Zeiss, Topcon, and Optovue produce images with
different resolutions and contrast, leading to inconsistent AI performance.

• AI may fail in detecting rare retinal diseases due to limited training data.

Example :

DeepMind’s AI for AMD detection performed with over 90% accuracy in controlled trials but showed lower accuracy when tested in NHS clinics in
the UK due to variations in imaging equipment and operator techniques.

5.6. Legal and Liability Issues

• If an AI misdiagnoses a condition, it is unclear whether the liability lies with the physician, hospital, or AI manufacturer.

• Countries lack clear legal frameworks to address AI-related medical errors.

• AI-generated diagnoses must be verified by a human ophthalmologist to avoid legal disputes.

Example :

If an AI system like IDx-DR incorrectly classifies a severe diabetic retinopathy case as mild, leading to delayed treatment and blindness, the question of
legal responsibility remains unresolved.

5.7. Cost and Accessibility

• AI implementation requires high-end computing power, cloud storage, and continuous software updates, making it expensive for
low-resource settings.

• Rural hospitals may lack the infrastructure to support AI-assisted ophthalmology tools.

• AI models require retraining with new data, adding to maintenance costs.

Example :

In India, AI-driven eye screening programs by Sankara Nethralaya have faced financial challenges, limiting widespread adoption in rural areas where
diabetic retinopathy prevalence is high.

5.8.Conclusion

AI has the potential to revolutionize ophthalmology, but its challenges—including data bias, regulatory hurdles, lack of transparency, integration issues,
and cost—must be addressed before it can be fully integrated into routine clinical practice. Future advancements in explainable AI, diverse training
datasets, and improved regulatory frameworks will be essential for AI to become a trusted tool in ophthalmology worldwide.

6.Future of AI in Ophthalmology

Artificial Intelligence (AI) is transforming ophthalmology, enabling earlier disease detection, personalized treatments, and expanded access to eye care.
The future of AI in ophthalmology will be shaped by advancements in home-based screening, teleophthalmology, and AI-driven genetic research.

6.1. AI-Powered Home-Based Eye Screening

• AI-powered smartphone-based retinal imaging tools, such as Eyenuk’s EyeArt and Remidio Fundus on Phone (FOP), allow early
disease detection from home.

• These tools enable diabetic patients to monitor diabetic retinopathy (DR) progression without frequent hospital visits, ensuring
timely intervention.

• Apple’s ResearchKit and Google’s ARDA (Automated Retinal Disease Assessment) are developing AI-based mobile
applications that detect retinal diseases, including diabetic retinopathy and age-related macular degeneration (AMD).

• Future AI-powered apps will integrate with portable optical coherence tomography (OCT) devices, allowing at-home monitoring
of glaucoma progression.

Example :

The RetinaScope AI app, under development by Google Health, aims to allow patients to capture retinal images using a smartphone attachment,
analyze them with AI, and receive instant reports on DR risk.
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6.2. AI Integration with Teleophthalmology

• IDx-DR (Digital Diagnostics) and EyeArt by Eyenuk are AI-driven platforms approved by the FDA for fully autonomous
diabetic retinopathy screening. These systems are being integrated into teleophthalmology services to provide screenings in remote areas.

• AI-powered Topcon Harmony and Zeiss FORUM platforms enable real-time image sharing and AI-based analysis, allowing
specialists to diagnose retinal diseases remotely.

• Google’s ARDA project, in collaboration with Aravind Eye Hospital (India), is integrating AI with teleophthalmology to detect
diabetic retinopathy in rural areas where specialist access is limited.

• AI-based Slit Lamp Biomicroscopy (AI-SLB) systems can assist ophthalmologists by automating the grading of corneal diseases
in telemedicine consultations.

Example :

Aravind Eye Hospital in India, in collaboration with Google, uses ARDA AI to screen patients in rural clinics for diabetic retinopathy. The AI identifies
high-risk cases, ensuring only those needing urgent care are referred to specialists, optimizing healthcare resources.

6.3. AI and Gene Therapy: The Next Frontier

• AI is revolutionizing gene therapy for inherited retinal diseases like Leber’s Congenital Amaurosis (LCA), Retinitis Pigmentosa
(RP), and Stargardt Disease by analyzing vast genetic datasets to identify target mutations.

• DeepMind’s AlphaFold AI has mapped the 3D structures of proteins involved in retinal degeneration, aiding in the development
of gene-editing treatments using CRISPR-Cas9.

• AI-powered Genomics England and AI-driven bioinformatics are enhancing personalized gene therapy by predicting how
specific genetic mutations influence disease progression.

• AI-driven optogenetic therapies, such as those being researched by Nanoscope Therapeutics and Bionic Sight, use AI to optimize
light-sensitive proteins to restore vision in blind patients.

Example :

Luxturna, an FDA-approved gene therapy for RPE65 mutation-associated Leber’s Congenital Amaurosis, is being refined using AI models to predict
long-term treatment outcomes and improve patient selection criteria.

6.4. AI-Augmented Robotic Surgery for Ophthalmology

• AI-powered robotic surgical systems like Preceyes Surgical System assist in delicate eye surgeries such as retinal detachment
repair and epiretinal membrane peeling with sub-micron precision.

• Da Vinci Surgical System (AI-enhanced) is being explored for anterior segment surgeries, including complex cataract extractions
and corneal transplants.

• AI-enhanced femtosecond laser-assisted cataract surgery (FLACS) systems, such as Alcon LenSx and Johnson & Johnson
Catalys, optimize incision placement and intraocular lens (IOL) alignment based on AI-driven biometric analysis.

Example :

In 2023, surgeons at Oxford University Hospitals (UK) performed the first AI-assisted retinal surgery using the Preceyes Surgical Robot, improving
precision and reducing complications in epiretinal membrane removal.

6.5. AI-Powered Drug Discovery and Personalized Treatment

• AI-driven drug discovery platforms like Insilico Medicine and BenevolentAI are accelerating the development of novel therapies
for dry AMD and diabetic macular edema (DME) by analyzing retinal molecular pathways.

• IBM Watson Health is leveraging AI to predict treatment responses for anti-VEGF injections (Ranibizumab, Aflibercept,
Bevacizumab) in diabetic macular edema and neovascular AMD patients.

• AI models trained on OCT angiography (OCTA) data can predict which patients with diabetic macular edema (DME) will
respond best to anti-VEGF therapy, allowing personalized treatment plans.

Example :
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In 2024, a DeepMind AI model successfully predicted non-responders to anti-VEGF injections for neovascular AMD, enabling clinicians to switch
treatments earlier and improve patient outcomes.

6.6. AI-Enhanced Glaucoma Progression Monitoring

• AI-powered platforms like iPredict by RetinalGeniX analyze visual fields and OCT scans to predict glaucoma progression and
recommend early intervention.

• AI-driven intraocular pressure (IOP) monitoring using Sensimed Triggerfish (smart contact lens) provides real-time data to adjust
treatment strategies.

• AI-integrated virtual reality perimetry (nGoggle) is transforming glaucoma diagnosis by detecting early visual field defects with
higher accuracy than conventional tests.

Example :

In 2023, an AI model developed by Moorfields Eye Hospital and DeepMind could predict glaucoma progression five years in advance based on OCT
scan patterns, allowing earlier surgical interventions.

6.7. AI-Based Retinal Prosthetics and Bionic Vision

• AI-enhanced bionic eye implants like Second Sight’s Argus II and Pixium Vision’s Prima System use AI to process images and
enhance visual perception in patients with total blindness.

• Cortical visual prostheses, such as the Orion Visual Cortical Prosthesis System, leverage AI to directly stimulate the brain’s
visual cortex, bypassing damaged optic nerves.

• AI-driven electronic retinal implants are being developed to restore partial vision in patients with end-stage Retinitis Pigmentosa
(RP) and advanced geographic atrophy (GA) in dry AMD.

Example :

The Prima System by Pixium Vision, an AI-powered retinal implant, successfully restored limited vision in AMD patients during clinical trials in 2023,
demonstrating AI’s role in future vision restoration.

6.8.Conclusion

AI is revolutionizing ophthalmology, from at-home eye screening and telemedicine to gene therapy, robotic surgery, and personalized treatments. As
AI continues to advance, its integration with genomic research, drug discovery, and bionic vision systems will redefine the future of eye care.
Addressing challenges such as regulatory approvals, data privacy, and cost barriers will be crucial for ensuring AI-driven innovations benefit patients
worldwide.
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