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Abstract 

Retinal disorders, including glaucoma, diabetic retinopathy, and age-related macular 

degeneration, are among the primary causes of visual impairment and blindness worldwide. 

Early and accurate diagnosis of these diseases is crucial for preventing irreversible vision loss 

and improving patient outcomes. Recent advances in Artificial Intelligence (AI), particularly 

Deep Learning (DL), have significantly enhanced the automated analysis of retinal images, 

enabling efficient and reliable disease detection. This survey paper presents a comprehensive 

review of recent developments in deep learning-based retinal disease diagnosis using retinal 

imaging modalities such as Fundus Imaging and Optical Coherence Tomography (OCT). The 

study systematically analyses sixteen recent research articles, focusing on image preprocessing 

techniques, feature extraction methods, Convolutional Neural Network (CNN) architectures, 

multi-modal learning approaches, and classification strategies employed for retinal disease 

detection. Furthermore, the review evaluates commonly used datasets, performance metrics, 

and the strengths and limitations of existing approaches. The analysis reveals several 

challenges, including class imbalance, noisy annotations, limited dataset diversity, and poor 

model generalization across different clinical environments. To address these issues, a 

conceptual framework is proposed that integrates robust preprocessing, advanced CNN-based 

architectures, and reliable training mechanisms to improve diagnostic accuracy, computational 

efficiency, and model interpretability. The findings of this survey emphasize the growing 

potential of AI-assisted retinal disease diagnosis and highlight future research directions aimed 

at developing clinically applicable, accurate, and trustworthy computer-aided diagnostic 

systems for ophthalmic healthcare. 
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Introduction 
Retinal diseases, including glaucoma, diabetic retinopathy (DR), and age-related 
macular degeneration (AMD), are among the major causes of visual impairment and 
blindness worldwide. Early and accurate diagnosis of these disorders is essential for 
preventing irreversible vision loss and improving patient outcomes. Recent 
advancements in Artificial Intelligence (AI), particularly Deep Learning (DL), have 
transformed retinal image analysis by enabling automated and efficient disease 
diagnosis using Fundus and Optical Coherence Tomography (OCT) images. 
Several studies have demonstrated the effectiveness of Convolutional Neural 
Networks (CNNs) for retinal disease classification. Lightweight architectures such as 
MobileNet provide high accuracy with lower computational complexity, making them 
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suitable for real-time clinical applications. In addition, multi-modal learning 
frameworks combining Fundus and OCT images have improved diagnostic 
performance by utilizing complementary information from different imaging 
modalities. Advanced models such as RLF-Net, DeepRetinaNet, FANet, and 
transformer-based approaches have further enhanced disease detection, lesion 
localization, and model interpretability. Segmentation techniques, domain adaptation, 
and synthetic data generation methods have also contributed to improving the 
robustness of retinal diagnostic systems.Despite these advancements, challenges such 
as limited annotated datasets, class imbalance, noisy labels, high computational 
requirements, and lack of interpretability still remain. 
This survey comprehensively reviews recent deep learning-based retinal disease 
diagnosis techniques, including preprocessing methods, CNN architectures, multi-
modal frameworks, segmentation approaches, and hybrid learning strategies. The 
survey identifies the limitations of existing studies and highlights future research 
directions aimed at developing robust, interpretable, computationally efficient, and 
clinically applicable retinal disease diagnostic systems capable of overcoming current 
challenges and supporting reliable ophthalmic healthcare. 

 
Comparative Study 
This survey provides a comprehensive analysis of recent deep learning-based 
approaches for retinal disease diagnosis. It examines various methodologies, 
including image preprocessing, CNN architectures, multi-modal learning, and 
segmentation techniques, along with their strengths and limitations. The study 
identifies key challenges such as limited dataset diversity, class imbalance, poor 
generalization, and lack of interpretability, while highlighting future research 
directions for developing robust, efficient, and clinically applicable retinal diagnostic 
systems. 

Comparative Analysis 

Aspect 
Existing 
Approaches 

Strengths Research Gaps Future Scope 

Deep 
Learning 
Models 

CNN, 
MobileNet, 
DeepRetinaNet, 
MDBL-Net 

High accuracy 
in retinal 
disease 
classification 

High 
computational 
cost and 
dependence on 
large datasets 

Develop 
lightweight 
and efficient 
models 

Multi-Modal 
Learning 

MultiEYE, 
OCT-CoDA 

Combines 
Fundus and 
OCT for 
improved 
diagnosis 

Limited ability 
to detect 
unseen 
diseases 

Extend to 
multiple 
modalities 
and 
unknown 
diseases 
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Image 
Registration 

Hybrid feature-
based and area-
based methods 

Accurate 
retinal image 
alignment 

Sensitive to 
image quality 
and complex 
deformations 

Integrate 
deep 
learning-
based 
registration 

Lesion 
Detection 

RLF-Net, CLAT 

Better lesion 
localization 
and 
interpretability 

Requires lesion 
annotations 
and high-
quality images 

Develop 
annotation-
efficient 
models 

Few-Shot and 
Meta 
Learning 

Mirror Meta-
Learning 

Better 
generalization 
with limited 
data 

Complex 
training 
procedures 

Improve 
simplicity 
and real-
world 
applicability 

Segmentation 
Methods 

W-Capsule 
Network, 
URVSM 

Accurate 
vessel and 
optic disc 
segmentation 

Limited 
validation 
across diverse 
datasets 

Develop 
universal 
segmentation 
frameworks 

Synthetic 
Data 
Generation 

OCTA 
Synthetic 
Images 

Reduces 
annotation 
requirements 

Synthetic-to-
real domain 
gap 

Generate 
more realistic 
and diverse 
datasets 

Explainable 
AI 

Transformer 
and Concept-
based Models 

Improves 
interpretability 
and clinical 
trust 

Computational 
complexity 
remains high 

Design 
efficient and 
explainable 
AI systems 

Clinical 
Deployment 

MobileNet-
based and 
Mobile AI 
Models 

Suitable for 
portable and 
real-time 
diagnosis 

Limited real-
world 
validation 

Develop 
robust 
systems for 
clinical 
applications 

 
Comparative Summery 
Recent advancements in Artificial Intelligence (AI) and Deep Learning (DL) have 
significantly improved automated retinal disease diagnosis systems. Existing studies 
have explored various approaches, including CNN-based architectures, multi-modal 
learning, transformer models, meta-learning, segmentation networks, and synthetic 
data generation. CNN-based models such as MobileNetV3 and DeepRetinaNet have 
achieved high classification accuracy [1], [5], while multi-modal frameworks like 
MultiEYE enhance diagnosis by integrating Fundus and OCT images [2]. Advanced 
methods such as RLF-Net, FANet, CLAT, and Mirror Meta-Learning further improve 
lesion detection, robustness, generalization, and interpretability [4], [8], [9], [12]. 
Segmentation techniques, including W-Capsule Networks and URVSM, also provide 
accurate retinal structure analysis across multiple modalities [13], [14]. 
Despite these advancements, several challenges remain. Many models require large 
annotated datasets and high computational resources, limiting their real-time clinical 
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applicability [5], [12], [16]. Other issues include dependence on single imaging 
modalities, class imbalance, noisy annotations, limited generalization, and increased 
complexity in transformer-based and multi-modal frameworks [1], [2], [4], [11], [12]. 
In addition, synthetic data generation faces challenges due to the gap between 
synthetic and real-world images [15], while variations in imaging devices and lack of 
standardized datasets affect model robustness [6], [14]. 
Therefore, future retinal disease diagnosis systems should focus on lightweight, 
interpretable, and computationally efficient models that can operate across diverse 
clinical settings and multiple imaging modalities [5], [9], [12], [16]. 

Objectives 
• To generate synthetic OCT-like features from retinal fundus images using deep 

learning techniques. 

• To integrate fundus and synthetic OCT features for improved retinal disease 

analysis. 

• To enhance the accuracy and reliability of retinal disease detection. 

• To develop a cost-effective, interpretable, and clinically deployable diagnostic 

system for both urban and rural healthcare environments. 

Problem Statement 
Deep learning techniques have shown promising results in diagnosing retinal diseases 
such as diabetic retinopathy, glaucoma, and age-related macular degeneration. 
However, many existing approaches rely on single-modality data or require paired 
Fundus and OCT images, which are often difficult to obtain in real clinical settings. 
This challenge is more significant in rural and resource-limited healthcare 
environments where advanced imaging devices may not be available. 
Moreover, current models often face challenges such as class imbalance, noisy 
annotations, limited generalization, and lack of interpretability. Most deep learning 
systems function as black-box models, reducing clinicians' trust in automated 
predictions. Therefore, there is a need to develop an efficient, robust, and interpretable 
retinal disease diagnosis system that can operate effectively with limited data, address 
real-world challenges, and provide reliable support for clinical decision-making. 
 
Proposed Future Framework 
The proposed framework begins with retinal fundus images as the input, followed by 
preprocessing steps such as image resizing, noise removal, and contrast enhancement 
to improve image quality. To overcome the limitation of unavailable OCT images in 
many healthcare settings, a deep learning-based synthetic OCT generation module is 
proposed to create OCT-like representations from fundus images. The extracted 
fundus and synthetic OCT features are then fused to obtain richer image 
representations for disease analysis. Subsequently, a CNN-based architecture, such as 
EfficientNet, can be employed for feature extraction and retinal disease classification, 
including diabetic retinopathy, glaucoma, and age-related macular degeneration. 
Finally, an Explainable AI technique such as Grad-CAM can be incorporated to 
provide visual explanations for the predictions, thereby improving interpretability 
and supporting clinicians in reliable decision-making. 
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Conclusion 
This study reviewed recent advancements in deep learning-based retinal disease 
diagnosis and analyzed various techniques used for automated retinal image analysis. 
The survey showed that CNNs, transformer-based models, multi-modal learning, and 
lightweight architectures have significantly improved diagnostic accuracy and 
efficiency. However, challenges such as limited annotated datasets, class imbalance, 
noisy labels, high computational cost, limited generalization, and lack of 
interpretability still remain. The reviewed studies indicate that deep learning has 
strong potential to assist ophthalmologists in early disease detection and clinical 
decision-making. Future research should focus on developing robust, interpretable, 
computationally efficient, and clinically deployable retinal disease diagnosis systems. 
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