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ABSTRACT 

Background: Retinal diseases such as diabetic retinopathy, age-related macular degeneration, and glaucoma are major 
causes of vision loss and blindness around the world. Detecting these conditions early and treating them promptly is key to 
preventing them from worsening and saving sight. New developments in artificial intelligence (AI), especially in machine 
learning (ML) and deep learning (DL), now offer better ways to automatically analyze retinal images and help doctors make 
more accurate diagnoses in eye care. 
Methods: A narrative literature review was carried out using the PubMed database to find peer-reviewed studies on artificial 
intelligence in diagnosing retinal diseases. The review included recent studies that assessed AI algorithms used with retinal 
imaging methods like fundus photography and optical coherence tomography (OCT). 
Results: Multiple studies indicate that AI algorithms can accurately detect retinal diseases. Deep learning models, 
particularly convolutional neural networks, are effective at identifying features linked to diabetic retinopathy, age-related 
macular degeneration and glaucoma. Some AI systems for diabetic retinopathy screening have achieved sensitivities and 
specificities above 90%, which is comparable to experienced ophthalmologists. Furthermore, AI-based analysis of OCT 
images has shown promise in detecting structural retinal changes and monitoring disease progression. 
Conclusions: Artificial intelligence could greatly improve how retinal diseases are diagnosed and screened by allowing fast 
and accurate analysis of retinal images. Although there are still challenges with data quality, transparency, and clinical use, 
AI-based diagnostic systems will likely become an important part of future eye care. 
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1. Introduction 

Retinal diseases are a major cause of visual impairment and blindness worldwide, making them a serious 

public health problem. Conditions such as diabetic retinopathy, age-related macular degeneration and 

glaucoma affect hundreds of millions of people. These diseases often develop slowly and may not show 

symptoms early, which causes a delay in diagnosis and treatment. Without treatment, retinal diseases can cause 

permanent vision loss and greatly reduce quality of life. The number of people affected is increasing mainly 

because of increasing diabetes rates and an aging population. 

Classical diagnostic methods for retinal diseases rely on clinical examinations and imaging techniques 

such as color fundus photography, optical coherence tomography (OCT) and fluorescein angiography. These 
tools give detailed information on the retina’s structure and the changes caused by disease, which helps identify 

and monitor retinal disorders. However, reading these images requires specialized training and is usually 

performed by ophthalmologists. In many places, there are not enough specialists, which makes it hard to do 

large-scale screening and give quick diagnoses. This can delay diagnosis, increase the risk of worsening, and 

lead to permanent vision loss. 

Artificial intelligence (AI) is now seen as a promising approach to help solve problems in the diagnosis 

of retinal diseases. AI includes computer systems that can perform tasks typically done by doctors, such as 

pattern recognition, image classification and data-driven decision-making. Machine learning (ML) and deep 

learning (DL) methods have shown strong potential in analyzing medical images. By enabling computers to 

automatically find complex patterns in large sets of images, these methods can improve the accuracy and 

efficiency of diagnosing retinal diseases. 
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Deep learning techniques, particularly convolutional neural networks (CNNs), have demonstrated 

outstanding performance in analyzing retinal imaging data. By learning at different levels of visual detail, these 

models can detect complex patterns linked to retinal disease and spot small problems that may be overlooked 

by human observers. Ophthalmology is a good area for using artificial intelligence because digital retinal 

imaging is common and there are many large, high-quality images for training and validating machine learning 

algorithms. 

In the past decade, the use of artificial intelligence in ophthalmology has grown a lot, especially for 

diagnosing retinal diseases. Advanced algorithms have been created to detect diabetic retinopathy, classify the 

stages of age-related macular degeneration, identify optic nerve damage from glaucoma and analyze structural 

changes in OCT images. Importantly, several AI-based systems have shown diagnostic accuracy similar to 

that of expert ophthalmologists, highlighting the growing value of artificial intelligence in future eye care. 

This review aims to give an overview of current evidence on the role of artificial intelligence in 

diagnosing retinal diseases. It focuses on how AI-based technologies are used to detect major retinal disorders, 

such as diabetic retinopathy, age-related macular degeneration, and glaucoma. The review also looks at how 

artificial intelligence is used to analyze retinal imaging methods, particularly optical coherence tomography. 

 

2. Materials and Methods 

A narrative literature review was carried out to assess the function of artificial intelligence in diagnosing 

retinal diseases. Relevant peer-reviewed publications were identified by a systematic search of the PubMed 

database. More studies were found by checking the reference lists of selected articles. 

The search strategy used combinations of the following keywords: “artificial intelligence,” “machine 

learning,” “deep learning,” “retinal diseases,” “diabetic retinopathy,” “age-related macular degeneration,” 

“glaucoma,” and “optical coherence tomography.” Only studies published in English from 2016 to 2025 were 

included. 

Studies were included if they evaluated AI-based approaches for diagnosing retinal diseases using 

imaging methods such as fundus photography and optical coherence tomography and reported diagnostic 

performance measures, including sensitivity, specificity or overall accuracy. Review articles, systematic 

reviews, and clinical validation studies were also eligible. 

Studies were excluded if they were focused on eye conditions unrelated to retinal diseases, did not 

provide sufficient detail about the AI methods used, or were available only as conference abstracts without 

full-text articles. 

Data extracted from the chosen studies included the study design, the type of AI model used, the retinal 

disease studied, the imaging method used, and the AI's performance. The findings were synthesized to assess 

both the diagnostic potential and current limitations of artificial intelligence in detecting retinal diseases. 

 

3. Results 

Artificial intelligence has been widely studied for its potential to diagnose different retinal diseases. The 

main applications include screening and detecting diabetic retinopathy, identifying age-related macular 

degeneration, diagnosing glaucoma, and automatically analyzing retinal images from optical coherence 

tomography (OCT). 

3.1 Artificial Intelligence in Diabetic Retinopathy Detection 

Diabetic retinopathy (DR) is a common complication of diabetes and a leading cause of preventable 

blindness worldwide. Early detection is important to prevent the disease from getting worse and causing vision 

loss. Screening programs using retinal fundus photography are common, but manually interpreting these 

images takes time and requires trained specialists. Because of this, artificial intelligence is being studied more 

as a tool to help automate the detection of diabetic retinopathy. 

3.1.1 Deep Learning Algorithms 

Deep learning algorithms, especially convolutional neural networks (CNNs), have achieved strong 

results in finding diabetic retinopathy in retinal fundus images. These programs can accurately detect key signs 

of the disease, such as microaneurysms, hemorrhages and hard deposits. 
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A landmark study by Gulshan et al. reported that a deep learning algorithm trained on a large dataset of 

retinal images achieved 97.5% sensitivity and 93.4% specificity for detecting referable diabetic retinopathy, 

demonstrating performance comparable to that of board-certified ophthalmologists (Gulshan et al., 2016). 

Similarly, Ting et al. reported an AUC exceeding 0.90 for automated recognition of diabetic retinopathy across 

multiple populations (Ting et al., 2017). 

These results show that deep learning models can support automated image grading and enable large-

scale screening programs to operate more efficiently. 

3.1.2 Machine Learning Approaches 

In addition to deep learning methods, traditional machine learning algorithms have been used to analyze 

retinal images. Techniques such as support vector machines (SVMs) and random forests have been used to 

detect diabetic retinopathy using manually extracted image features. Although these methods demonstrated 

promising results, their performance is generally lower than that of deep learning approaches due to the need 

for manual feature extraction. 

3.1.3 AI-Based Screening Systems 

AI algorithms have also been added to automated screening systems for diabetic retinopathy. These 

systems can quickly analyze large numbers of retinal images and classify disease severity, making it easier to 

find patients who require expert ophthalmologic evaluation. Several AI-based tools have shown accuracy rates 

over 90%, showing they could be very useful in large-scale screening programs. 

3.1.4 AI in OCT Analysis of Diabetic Retinopathy 

Artificial intelligence has also been used to analyze optical coherence tomography images in patients 

with diabetic retinopathy. Deep learning models can detect changes in the retina, such as thickening and fluid 

buildup linked to diabetic macular edema. Using AI to support OCT analysis may therefore help clinicians 

diagnose disease complications and monitor treatment outcomes. 

 

3.2 Artificial Intelligence in Age-Related Macular Degeneration (AMD) 

Age-related macular degeneration (AMD) is a leading cause of vision loss worldwide. It damages the 

macula causing a gradual loss of central vision. Detecting AMD early and monitoring it regularly can help 

prevent serious vision problems and improve treatment outcomes. 

3.2.1 Deep Learning Algorithms 

Deep learning algorithms have been widely applied in the detection and classification of AMD. 

Convolutional neural networks (CNNs) can find characteristic retinal features associated with the disease, 

including drusen deposits, pigment abnormalities, and geographic atrophy. 

3.2.2 Machine Learning Approaches 

Older machine learning methods are also used to analyze retinal images in AMD. These methods usually 

rely on manually extracted image features to classify disease stage. 

3.2.3 AI-Based Screening and Classification 

Several studies have demonstrated that AI models can accurately classify AMD stages using retinal 

fundus photographs. Automated systems may therefore support early diagnosis and help clinicians identify 

patients at higher risk of disease progression. 

3.2.4 AI in OCT Analysis of AMD 

Deep learning models trained on optical coherence tomography (OCT) images can detect subtle changes 

in retinal layers. Using AI to analyze OCT scans may also help predict how the disease will progress and check 

how well treatments are working for people with AMD. 
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3.3 Artificial Intelligence in Glaucoma Detection 

Glaucoma is a disease that damages the optic nerve and leads to gradual loss of vision. Since vision loss 
from glaucoma cannot be reversed, early diagnosis is very important. As a result, researchers are examining 
the use of artificial intelligence to detect glaucoma earlier. 

3.3.1 Deep Learning Algorithms 

Deep learning algorithms have demonstrated strong ability in identifying glaucoma indicators in retinal 
fundus images. Convolutional neural networks (CNNs) can detect structural changes in the optic disc and 
retinal nerve fiber layer associated with glaucoma. 

3.3.2 Machine Learning Approaches 

Traditional machine learning methods are also used to detect glaucoma signs. These methods usually 
examine structural features of the optic nerve head including optic disc morphology and retinal nerve fiber 
layer thickness. 

3.3.3 AI-Based Diagnostic Systems 

Several studies have found that AI algorithms can achieve diagnostic accuracy similar to that of 
glaucoma specialists. Automated image analysis systems may assist clinicians in finding early signs of 
glaucoma. 

3.3.4 AI in OCT Analysis of Glaucoma 

Artificial intelligence has also been used to analyze optical coherence tomography (OCT) images. 
Computer programs that automatically measure the thickness of the nerve fiber layer and the features of the 
optic disc can help find and track glaucoma early. 

 

3.4 AI-Based Analysis of Optical Coherence Tomography 

Optical coherence tomography (OCT) gives detailed cross-sectional images of the retina and is 
important for diagnosing and monitoring retinal diseases. However, interpreting OCT scans requires detailed 
evaluation of multiple retinal structures and can be time-consuming in daily clinical practice. 

Artificial intelligence algorithms have been developed to enable automated analysis of OCT images and 
to identify pathological changes, including retinal fluid accumulation, macular edema and photoreceptor 
damage. Deep learning models can segment retinal layers, quantify retinal thickness and detect disease-specific 
biomarkers associated with a range of retinal disorders. 

AI-assisted OCT analysis may therefore improve diagnostic accuracy and decrease the time required for 
image interpretation. In addition, these systems can support clinicians in monitoring disease progression and 
evaluating treatment response, highlighting the growing role of artificial intelligence in modern retinal 
diagnostics. 

 

4. Discussion 

The findings of this review highlight the significant potential of artificial intelligence in improving the 
diagnosis of retinal diseases. AI-based systems can rapidly analyze retinal images and provide valuable 
decision-support tools for clinicians. 

One of the key advantages of artificial intelligence in ophthalmology is its ability to process large 
volumes of imaging data. Deep learning algorithms can identify complex patterns in retinal images and detect 
subtle pathological changes that may be difficult to recognize during manual examination. 

AI-assisted screening programs may also help with the global shortage of ophthalmologists. Automated 
retinal image analysis can find patients who require further evaluation, allowing specialists to focus on more 
complex cases and improving access to eye care in underserved regions. 

Despite these advantages, several challenges persist. Differences in training datasets can limit how well 
AI models work for different groups of people. Also, many deep learning systems operate as “black-box” 
models, so it is hard to know how they make diagnostic decisions. 

Ethical and regulatory issues, including data privacy, algorithm bias, and the need for proper clinical 
validation, must also be addressed before widespread clinical implementation. 

Future research should focus on improving the robustness and transparency of AI models and integrating 
multimodal imaging data to support more accurate clinical decision-making. 
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5. Limitations of the Review 

This review has several limitations. First, restricting the literature search to PubMed and English-

language publications may have excluded relevant studies from other sources or languages. Second, the 

included studies exhibited substantial variation in study design, dataset size, imaging modalities, and reported 

performance measures, which limits direct comparisons between algorithms. Finally, many artificial 

intelligence models assessed in the literature were primarily tested on retrospective datasets, indicating that 

their clinical performance in real-world settings requires further prospective validation. 

 

6. Conclusion 

Artificial intelligence has become a powerful tool for diagnosing retinal diseases. Advances in machine 

learning and deep learning have enabled automated analysis of retinal images with high precision. 

AI-based systems have performed well in detecting diabetic retinopathy, age-related macular 

degeneration, and glaucoma. These technologies could make screening more efficient, improve diagnostic 

accuracy, and help more people access ophthalmic care. 

Even with these promising advances, more research is needed to address challenges such as limited 

dataset diversity, lack of transparency in algorithms, and the use of these tools in clinics. As technology 

improves and regulations are put in place, artificial intelligence will likely become even more important in 

ophthalmology. 
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