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ABSTRACT 
Diabetic Macular Edema is a potentially threatening complication characterized by the collection of fluid 
in the macula. A timely and precise diagnosis of diabetic macular edema is important for effective clinical 
management and avoidance of vision loss.An innovative methodology for enhancing the grading and 
diagnosis of diabetic macular edema using convolutional neural network, recurrent neural network, and 
long short-term memory network. A detailed view of the retina is obtained using the fundus images. They 
form the fundamental source of information. Traditional grading systems are obtained through a manual 
process done by ophthalmologists. These are a time-consuming process. The first phase in the detection 
of DME using deep learning involves the CNN architecture which helps to extract information from the 
fundus images. They are trained on a large dataset that involves various informationincluding exudates, 
hemorrhages, and microaneurysms. The introduction of temporal and spatial relationships is achieved 
through RNN and LSTM layers. This helps to obtain sequential information. They also play a prominent 
role in detecting the progression of diseases. The fundus images are collected through various sources 
including ethnic and various demographics. The tentativeoutcomesvalidate the dominance of the existing 
system in terms of improved accuracy, precision, sensitivity, and specificity.  
 
Keywords: Diabetic Macular Edema, Fluids, Clinical management, Vision loss, Deep learning, Fundus 
images. 
 
INTRODUCTION 
Diabetic macular edema (DME) is a severe eye constraint that occurs in individuals who suffer from 
diabetes. This particularly affects persons with long-standing diabetics. This is referred to as the 
complication of diabetic retinopathy [1]. This is defined as a disease that affects the blood vessels in the 
retina. The retina is the light-sensitive matter that is found at the back side of the eye. In diabetic macular 
edema, the rise of sugar levels in the blood causes damage to the tiny blood vessels called capillaries that 
nourish the retina. These damages in the blood vessels cause leaks of the fluid and various substances in 
the macula [2]. The macula is the central part of the vision that is accountable for the sharp and clear 
vision. The growth of fluid in the retina results in swelling. This causes various consequences such as 
vision distortion which further leads to significant vision loss. The common symptoms of diabetic macular 
edema include blurred or distorted central vision, difficulty in reading and writing, and the perception of 
colors as faded out.This affects the person's quality of life and their independence [3]. Early diagnosis and 
management of diabetic macular edema are essential to prevent further deterioration.  
Various treatment decisionsfor diabetic macular edema include laser therapy, anti-vascular endothelial 
development factor (anti-VEGF) injections, and corticosteroid injections [4].The important aim of the 
treatment involves reducing the leakage and swelling in the macula. This helps in improving vision and 
stability. It is important for individuals suffering from diabetes to obtain regular eye examinations. This 
includes the dilation of pupils which helps to detect diabetic macular edema or various kinds of diabetic 
retinopathyas early as possible [5]. The risk of diabetic macular edema and various diabetic eye 
complications is reduced through maintaining good blood sugar levels, managing blood pressure and 
obtaining a healthy lifestyle [6]. The organization of diabetic macular edema requires an integrated 
approach with artificial intelligence and ophthalmologists to preserve vision and maintain the overall eye 
health of the individual with diabetes [7]. Artificial intelligence shows an important part in the treatment 
and management of diabetic macular edema. The field of ophthalmology is revolutionalizedby the advent 
of artificial intelligence by providing innovative solutions for early detection and personalized medicine 
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recommendations for patients suffering from diabetic macular edema and related issues [8]. The most 
important factor involves the early detection of diabetic macular edema using a screening process. The 
image analysis obtained through the aid of artificial intelligence can able to analyze the retina scans 
effectively without any manual errors. Certain retinal scans include optical coherence tomography (OCT) 
and fundus photographs [9]. This helps to identify the minute changes in the macula.  

 

 
Fig 1. Diabetic macular edema 

 
Figure 1 demonstrates the representation of a healthy human eye while demonstrating the occurrence of 
diabetic macular edema. The detection of diabetic macular edema at the initial stages helps in preventing 
vision loss. The use of optimization algorithms helps in obtaining precise segmentation of the retinal 
layers and the quantification of edema [10]. This helps in obtaining the quantitative information to aid the 
analysis and precise observation of the evolution of diseases. This helps the ophthalmologists to enhance 
the accuracy of the examinations. The optimized treatment decisions are obtained using artificial 
intelligence to obtain personalized medicine recommendations. Artificial intelligence helps in analyzing 
and collecting the patient's data, medical history records, and genetic information with numerous 
treatment methodologies. Artificial intelligence helps in predicting treatment outcomes based on real-
time data analytics [11]. This helps in obtaining successful interventions for the empathy and treatment 
of diseases. The remote monitoring of diabetic macular edema and its relevant patients helps in the 
introduction of telemedicine. They play an important role in pandemic conditions.  
Thus artificial intelligence is a most precious tool for the detection and analysis of diabetic macular 
edemathrough earlier detection and personalized medicine recommendations. This helps to increase the 
precision and efficiency of the healthcare sectors. This helps in improving the quality of life through 
solving complex problems. Thus artificial intelligence provides the best outcome for patients suffering 
from diabetic macular edema and its related consequences.   
 
EXISTING SYSTEM 
The existing system in the detection of diabetic macular edema is done through machine learning which 
results in various complications and drawbacks as revealed in Table I. 
 

Table 1. Drawbacks of the existing system 
Parameters Descriptions Case study 
Limited data 
availability 

The lack of sufficient 
information results in 
overfitting and reduction in 
the model generalization. This 
finally causes unstable 
diagnostic performance 
consequences.  

Let us consider a scenario consisting of 
a small set of fundus images in diabetic 
macular edema trained by machine 
learning, The ML can perform on 
limited data but in this case it struggles 
to provide accurate results [12]. 

Biased 
information 

The biased information leads 
to inaccurate predictions that 
lead to various potential 
issues for the patients [13]. 

If the training dataset consists of images 
of a particular group, the machine 
learning may perform well but in case 
of a diverse set of issues, it lacks 
generalizability.    

Lack of 
Interpretability 

The lack of interpretability 
results in a significant barrier 
to adoption. 

The machine learning can extract 
outcomes through a complex pattern 
but fails to provide automatic decision-
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making techniques [14]. 
Ethical and 
regulatory 
concerns 

Ethics concerns lead to 
untrust in the functioning of 
the model with various biases 
in healthcare [15].  

In a machine learning model 
unintentionally learns and increases 
existing healthcare which provides 
unequal treatment recommendations 
based on certain factors like age, 
gender, or socioeconomic status. 

Data quality 
analysis 

The model performance are 
reduced through the low-
quality data. This also leads to 
variations in the overall result 
analysis. 

In certain conditions, the obtained 
fundus images are of poor quality which 
makes it difficult to extract the 
information regarding the diabetic 
macular edema. This results in a time-
consuming process with inaccurate 
solutions [16].  

 
To solve the following challenges in the existing system, the proposed system is implemented through the 
aid of deep learning techniques.  
 
PROPOSED SYSTEM 
The important objective of the proposed system is to obtain an improved diagnosis of diabetic macular 
edema using deep learning techniques. This involves the aid of CNN, RNN and LSTM. This involves various 
stages ranging from the collection of fundus images to the grading process.Grading is the process of 
evaluating the performance parameters by assessing the severity of the disease condition that helps with 
the treatment measures. The most frequently used grading system for diabetic macular edema is based 
on the outcomes from optical coherence tomography (OCT) and clinical examination. The representation 
of grading is rated from grade 0 to grade 4 as demonstrated below. 
Grade 0 (No DME): In this stages, the macular enema is absent. Under clinical inspection and optical 
consistency tomography, the macular appears normal. 
Grade 1 (Mild DME): Mild DME is categorized by the presence of some minute amount of fluid in the 
macula without any significant structural damage to the biological system. This might be apparent as a 
minimal or localized retinal thickening on OCT. 
Grade 2 (Moderate DME):In moderate DME, there is extensive retinal thickening and fluid accretion in the 
macula layer. It may affect the central vision of the person and can lead to visual impairment. 
Grade 3 (Severe DME):Severe DME is categorized by substantial macular edema with prevalent retinal 
thickening. It may have the chance of causing substantialvision loss. 
Grade 4 (Proliferative DME): Proliferative DME is the most advanced stage. This includes the 
development of new blood vessels on the retina. This is referred to as neovascularization. This can lead to 
various complications such as bleeding, scarring, and severe vision loss. 
 

 
Fig 2. Stages in the proposed system 
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Figure 2 demonstrates the various stages in the proposed system.  
 
IMPLEMENTATION OF THE PROPOSED SYSTEM 
The proposed stages are implemented through the following stages as listed below. 
 
Stage 1: Sensory perception and processing 
Sensory perception and processing are the first and initial stages in the detection of diabetic macular 
edema. This includes the collection of high-quality images of the patient's retina using imaging 
techniques. This includes fundus photography, optical coherence tomography (OCT), and fluorescein 
angiography [17]. After the process of image acquisition, ophthalmologist depends upon their sensory 
perception to visually inspect and evaluate the retinal images.They carefully observe the fundus images 
or OCT scans in the identification of any abnormalities in the macula such as fluid accumulation, retinal 
thickening, or the presence of exudates and hemorrhages.The changes or irregularities in the retinal 
architecture are identified using these sensory perceptions [18]. This also helps in the detection and 
analysis of patterns and anomalies present in the obtained images in the dataset. The patterns include 
cystoid spaces or the sponge-like appearance found in the macula.They form the fundamentals for 
diagnostic purposes. They are proceeded with quantitative analysis.  
 

Table 2. Sample data 
Image ID Grading Fluid 

location 
Hemorrhages 

001 Severe Macular Yes 
002 Moderate Perimacular No 
003 Mild Macular No 
004 Moderate Macular Yes 
005 Moderate None Yes 

Table II represents the sample data. 
 
Stage 2: Neural network structure 
 
  

 
Fig 3. Deep learning 
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Figure 3 demonstrates the deep learning model. The convolutional and pooling operations are done using 
the CNN layer. This helps in the identification of patterns, edges and textures in the retinal images. They 
are important for analyzing the variations and abnormalities that indicate the presence of diabetic 
macular edema [19]. 

 

 
Fig 4. Fundus dataset 

 
The fundal images also include temporal dependencies and temporal information which are analyzed 
using the RNN layer as shown in figure 4. This is used for the progression or regression of diabetic 
macular edema. This helps to obtain the impacts of the macula over a period of time. To improve the 
stability of the system, the RNN and LSTM are integrated to handle the long-range dependencies and the 
elimination of gradient issues. LSTMs are a specified form of RNN that can able to arrest and maintain 
information over particular sequences. This helps in chasing the changes in diabetic macular edema [20]. 
The effectiveness of the treatment re analyzed using these techniques. The neural network structure 
integrates the solution of CNN, RNN and LSTM in a sequential manner. The extracted features from CNN 
are fed to the RNN-LSTM module. This includes both the spatial information cultured by the CNN and the 
temporal dependencies obtained by the RNN and LSTM.The informed predictions about the progressions 
of the diseases are obtained through the combined approach [21].The classification and regression tasks 
are obtained through the fully connected layers and output layers. This includes grading and severity of 
the disease. This helps in enhancing the model's ability to analyze complex patterns [22]. 
 

Table 3. Fundus image 
Image ID Fundus Image 

Path 
DME Severity 

001 /path/to/image1 Mild 
002 /path/to/image2 Severe 
003 /path/to/image3 Moderate 
004 /path/to/image4 Moderate 
005 /path/to/image5 Severe 

Table III demonstrates the fundus images. 
 
Stage 3: Adaptation 
Adaptation refers to the process of preprocessing and preparing the dataset that meets the requirements 
of the deep learning model. This includes various tasks such as normalization, augmentation and 
sampling process. This helps in the process of balancing the representation of various severity levels in 
diabetic macular edema [23]. This shows that the data is prepared for the process of training and helps in 
the evaluation of the deep learning models. This also involves the process of customization and fine-
tuning of the pre-existing architectures for the process of grading and diagnosis. This includes adjusting 
the model architecture.  
 

Table 4: Learning rate 
Model Test data size Epoch Learning 

rate 
DME 
Severity 

CNN 2500 images 20 000.1 Mild 

RNN 2451 images 13 000.3 Severe 

LSTM 2564 images 24 000.15 Moderate 

CNN 1762 images 10 000.3 Moderate 

RNN 3672 images 10 000.41 Severe 
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Table IV demonstrates the learning rate and DME severity 
 
Stage 4: Model training and performance evaluation 
The training phase involves three phases such as training, testing and validation process which help in 
the evaluation of prototypical performance. During the training progression, the model adjusts its 
performance parameters to reduce the difference between its predictions and actual values. This is done 
using the aid of optimization techniques.The training is achieved using two stages. The first stage involves 
the pre-trained CNN on a large dataset such as ImageNet which helps to extract information from the 
fundus images [24]. The complete work is done on the specific DMe dataset. The reduction of the amount 
of labeled data is done using transfer learning.  
During the training phase, various hyperparameters which involve learning rate, batch size, and dropout 
rates which involvedin increasing the model performance.The robustness of the model is achieved 
through the data augmentation techniques. This includes rotation, scaling, and contrast adjustments.After 
the training process, the model performance is evaluated through various metrics. This involves accuracy, 
confusion matric and precision. This is implemented through a systematic and iterative process [25]. 
These performance metrics help in obtaining higher accuracy with the ability to generalize and make 
predictions on newer fundus image datasets. This helps in increasing the grading and diagnosis. 
 

Table 5. Performance evaluation 
Image ID Fundus Image 

Path 
Grading DME 

Severity 
001 /path/to/image1 0 Mild 
002 /path/to/image2 1 Severe 
003 /path/to/image3 2 Moderate 
004 /path/to/image4 1 Moderate 
005 /path/to/image5 1 Severe 

 
Table V represents the performance evaluation.  
 
Stage 5: Resource allocation 
 
The resource allocation helps in managing various computational and non-computational resources 
effectively. The computational resource includes hardware, memory and storage. Software resource 
includes deep learning model, libraries and packages with GPU drivers.  
 

Table 6. Computational and non-computational resources 
Image ID Fundus Image 

Path 
DL model DME 

Severity 
001 /path/to/image1 CNN-DME Mild 
002 /path/to/image2 ResNet-

DME 
Severe 

003 /path/to/image3 VGG-DME Moderate 
004 /path/to/image4 DenseNet-

DME 
Moderate 

005 /path/to/image5 EfficientNet-
DME 

Severe 

Table VI represents the computational and non-computational resources 
 
Stage 6: Sense-making and coordination 
Sense-making involves the process of understanding the results generated by deep learning or machine 
learning models.This also considers various parameters such as patient age, health issues, history and 
potentially confusing variables.This also includes the quality control that helps to ensure that the deep 
learning models to obtain accurate results. This may require the development of certain benchmarks. The 
coordination involves teamwork management. This includes ophthalmologists, radiologists, data 
scientists, and IT professionals. Coordination is a vital part which is essential to safeguard active 
communication among team members. 
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Table 7. Ophthalmologist Diagnosis 
Image ID Fundus Image Path Ophthalmologist Diagnosis 

001 /path/to/image1 Diabetic Macular Edema 

002 /path/to/image2 No Diabetic Macular Edema 

003 /path/to/image3 Diabetic Macular Edema 

004 /path/to/image4 No Diabetic Macular Edema 

005 /path/to/image5 Diabetic Macular Edema 

Table VII demonstrates ophthalmologist Diagnosis through the fundus images. 
 
Stage 7: Deployment and monitoring  
The deployment and monitoring involve the overall analysis of the system through various performance 
parameters through various software simulation systems. This helps to predict the solutions before 
implementing them in the real-world environment.  
 
SIMULATION RESULTS 
The proposed system is implemented in Matlab Simulink and performance parameters are evaluated as 
shown in figure 5. 

 

 
Fig 5. Matlab implementation 

 
RESULTS 
Accuracy – 99.31% 
Predicted class - DME 
 
CONCLUSION 
The application of deep learning techniques in the field of ophthalmology theaters a noteworthy role. The 
automatic detection and assessment of diabetic macular edema is achieved using optimization 
algorithms. A higher level of accuracy with precision is obtained using deep learning techniques. This 
helps in the initialrecognition of syndromes with reliable diagnosis and detection. These artificial 
intelligence techniques help in preventing vision loss. These models help in processing huge amounts of 
fundus images to obtain optimum results. This technology helps the healthcare sector by managing and 
addressing the growing demand for the assessment of diabetic macular edema. Various detailed 
information from the fundus images are exactly obtained through these optimization techniques. This 
helps in the identification of the pathological changes that occurin the human eye. The granularity helps 
in increasing the overall diagnostic accuracy with personalized treatments. The cost of the treatment is 
reduced through the aid of grading and diagnosis of diabetic macular edema. This helps the patients to 
improve accessibility and affordability.Thus deep learning techniques provide a revolution in the field of 
ophthalmology. 
 
REFERENCES 
[1] Darooei, R., Nazari, M., Kafieh, R., & Rabbani, H. (2023). Optimal Deep Learning Architecture for 

Automated Segmentation of Cysts in OCT Images Using X-Let Transforms. Diagnostics, 13(12). 
https://doi.org/10.3390/diagnostics13121994 

[2] Lai, D., Wu, Y., Shao, C., & Qiu, Q. (2023). The Role of Müller Cells in Diabetic Macular Edema. In 
Investigative Ophthalmology and Visual Science (Vol. 64, Issue 10). 
https://doi.org/10.1167/iovs.64.10.8 

https://doi.org/10.3390/diagnostics13121994


Journal of Computational Analysis and Applications                                                                             VOL. 33, NO. 5, 2024                           VOL. 33, NO. 2, 2024 

 
 

                                                                      166                                                             C Aravindan et al 159-167 

[3] Sun, J. K., Beaulieu, W. T., Melia, M., Ferris, F. L., Maturi, R. K., Nielsen, J. S., Solomon, S. D., & Jampol, 
L. M. (2023). Defining “strong” Versus “weak” Response to Antivascular Endothelial Growth Factor 
Treatment for Center-Involved Diabetic Macular Edema. Retina, 43(4). 
https://doi.org/10.1097/IAE.0000000000003730 

[4] Sutton, S. S., Magagnoli, J., Cummings, T. H., Hardin, J. W., & Ambati, J. (2023). Allopurinol and the 
Risk of Diabetic Macular Edema among U.S. Veterans with Type 2 Diabetes. Ocular Immunology 
and Inflammation. https://doi.org/10.1080/09273948.2023.2170886 

[5] Pérez-Peralta, L., de la Parra, D. R., Graue-Hernández, E., Hernández-Jiménez, S., Almeda-Valdés, P., 
Velázquez-Jurado, H., & Jiménez-Corona, A. (2023). Visual impairment associated with diabetic 
retinopathy and macular edema: a hospital-based study. Gaceta Medica de Mexico, 159(3). 
https://doi.org/10.24875/GMM.23000057 

[6] Chen, J., Wang, H., & Qiu, W. (2023). Intravitreal anti-vascular endothelial growth factor, laser 
photocoagulation, or combined therapy for diabetic macular edema: A systematic review and 
network meta-analysis. In Frontiers in Endocrinology (Vol. 14). 
https://doi.org/10.3389/fendo.2023.1096105 

[7] Sirakaya, E., Kilic, D., & Aslan Sirakaya, H. (2023). Comparison of intravitreal ranibizumab, 
aflibercept and bevacizumab therapies in diabetic macular edema with serous retinal detachment. 
European Journal of Ophthalmology, 33(3). https://doi.org/10.1177/11206721221144797 

[8] Xie, X., Lian, C., Zhang, Z., Feng, M., Wang, W., Yuan, X., Shi, Y., & Liu, T. (2023). Aflibercept for long-
term treatment of diabetic macular edema and proliferative diabetic retinopathy: a meta-analysis. 
In Frontiers in Endocrinology (Vol. 14). https://doi.org/10.3389/fendo.2023.1144422 

[9] Li, Y., An, Y., Cheng, A., Lu, Z., & Fan, B. (2023). Recent research advances in the treatment of 
diabetic macular edema after vitrectomy. In Recent Advances in Ophthalmology (Vol. 43, Issue 3). 
https://doi.org/10.13389/j.cnki.rao.2023.0051 

[10] Baldwin, G., Vingopoulos, F., Garg, I., Moon, J. Y., Zeng, R., Cui, Y., Katz, R., Le, R., Lu, E. S., Sayah, D. N., 
Hassan, Z., Kim, L. A., Elze, T., Husain, D., & Miller, J. B. (2023). Structure–function associations 
between contrast sensitivity and widefield swept–source optical coherence tomography 
angiography in diabetic macular edema. Graefe’s Archive for Clinical and Experimental 
Ophthalmology. https://doi.org/10.1007/s00417-023-06086-1 

[11] Talcott, K. E., Valentim, C. C. S., Hill, L., Stoilov, I., & Singh, R. P. (2023). Baseline Diabetic 
Retinopathy Severity and Time to Diabetic Macular Edema Resolution with Ranibizumab 
Treatment: A Meta-Analysis. Ophthalmology Retina, 7(7). 
https://doi.org/10.1016/j.oret.2023.02.003 

[12] Elbarky, A. (2023). Effectiveness and tolerability of the fluocinolone acetonide implant in patients 
with diabetic macular edema in the UAE: 24 and 36-month outcomes. European Journal of 
Ophthalmology, 33(2). https://doi.org/10.1177/11206721221128671 

[13] Fursova, A. Z., Derbeneva, A. S., Kozhevnikova, Î. S., Telegina, D. v., & Devyatkin, V. (2023). The 
impact of intravitreal therapy of diabetic macular edema on the local and systemic production of 
cytokines. Rossiiskii Oftal’mologicheskii Zhurnal, 16(1). https://doi.org/10.21516/2072-0076-
2023-16-1-127-134 

[14] Ataş, M., Ozsaygılı, C., Bayram, N., & Unal, S. (2023). Retrospective analysis of the efficacy of early 
switching from bevacizumab to aflibercept or ranibizumab in diabetic macular edema. European 
Journal of Ophthalmology, 33(2). https://doi.org/10.1177/11206721221137164 

[15] Habra, O., Gallardo, M., Meyer Zu Westram, T., de Zanet, S., Jaggi, D., Zinkernagel, M., Wolf, S., & 
Sznitman, R. (2023). Evaluation of an Artificial Intelligence-Based Detector of Sub-and Intraretinal 
Fluid on a Large Set of Optical Coherence Tomography Volumes in Age-Related Macular 
Degeneration and Diabetic Macular Edema. Ophthalmologica, 245(6). 
https://doi.org/10.1159/000527345 

[16] Subhi, Y., Potapenko, I., Hajari, J. N., & la Cour, M. (2023). Anti-VEGF Treatment of Diabetic Macular 
Edema in Denmark: Incidence, Burden of Therapy, and Forecasting Analyses. Journal of 
Personalized Medicine, 13(3). https://doi.org/10.3390/jpm13030546 

[17] Ambiya, V., Shankar, S., Kumar, A., & Srujana, D. (2023). Toxoplasma Retinochoroiditis Following 
Intravitreal Dexamethasone Implant Injection for Diabetic Macular Edema: A Rare Complication. In 
Ocular Immunology and Inflammation. https://doi.org/10.1080/09273948.2023.2195933 

[18] Ye, X., Gao, K., He, S., Zhong, X., Shen, Y., Wang, Y., Shao, H., & Shen, L. (2023). Artificial Intelligence-
Based Quantification of Central Macular Fluid Volume and VA Prediction for Diabetic Macular 
Edema Using OCT Images. Ophthalmology and Therapy, 12(5). https://doi.org/10.1007/s40123-
023-00746-5 



Journal of Computational Analysis and Applications                                                                             VOL. 33, NO. 5, 2024                           VOL. 33, NO. 2, 2024 

 
 

                                                                      167                                                             C Aravindan et al 159-167 

[19] Kato, F., Nozaki, M., Kato, A., & Yasukawa, T. (2023). Retinal Microvascular Changes after 
Intravitreal Triamcinolone Acetonide in Diabetic Macular Edema. Journal of Clinical Medicine, 
12(10). https://doi.org/10.3390/jcm12103475 

[20] Enders, C., Duncker, T., Schürks, M., Scholz, P., Dörner, J., Müller, C., Wachtlin, J., & Lommatzsch, A. 
(2023). See clearer: survey on the subjective and objective information levels as well as perception 
and information transfer using virtual reality headsets in patients with diabetic macular edema 
receiving anti-VEGF treatment. Graefe’s Archive for Clinical and Experimental Ophthalmology, 
261(6). https://doi.org/10.1007/s00417-022-05942-w 

[21] Nursyafiqah, M. T., Siti-Azrin, A. H., Yaacob, N. M., Wan-Nor-Asyikeen, W. A., & Zunaina, E. (2023). 
Factors affecting central macular thickness of diabetic macular oedema patients after an induction 
treatment of intravitreal ranibizumab. Tropical Medicine and International Health, 28(4). 
https://doi.org/10.1111/tmi.13862 

[22] Shimura, M., Kitano, S., Ogata, N., Mitamura, Y., Oh, H., Ochi, H., Ohsawa, S., Hirakata, A., Bolz, M., 
Findl, O., Pollreisz, A., Weger, M., Daskalov, V., Misheva, A., Petkova, I., Guneva, D. T., Vassileva, P., 
Cornut, P. L., Korobelnik, J. F., … Zheutlin, J. (2023). Efficacy, durability, and safety of faricimab with 
extended dosing up to every 16 weeks in Japanese patients with diabetic macular edema: 1-year 
results from the Japan subgroup of the phase 3 YOSEMITE trial. Japanese Journal of 
Ophthalmology, 67(3). https://doi.org/10.1007/s10384-023-00979-8 

[23] Midena, E., Torresin, T., Schiavon, S., Danieli, L., Polo, C., Pilotto, E., Midena, G., & Frizziero, L. 
(2023). The Disorganization of Retinal Inner Layers Is Correlated to Müller Cells Impairment in 
Diabetic Macular Edema: An Imaging and Omics Study. International Journal of Molecular Sciences, 
24(11). https://doi.org/10.3390/ijms24119607 

[24] Wu, J., Zhang, Y., Xiao, Z., Zhang, F., & Geng, L. (2023). Automated segmentation of diabetic macular 
edema in OCT B-scan images based on RCU-Net. International Journal of Imaging Systems and 
Technology, 33(1). https://doi.org/10.1002/ima.22788 

[25] Nage, P., Shitole, S., & Kokare, M. (2023). An intelligent approach for detection and grading of 
diabetic retinopathy and diabetic macular edema using retinal images. Computer Methods in 
Biomechanics and Biomedical Engineering: Imaging and Visualization, 11(5). 
https://doi.org/10.1080/21681163.2022.2164358 

[26] C Aravindan, John Felix, Kishor Kiran, Varun “Retinal vessel classification to predict diabetic 
retinopathy and retinitis pigmentosa using a deep learning pipeline” AIP Conference 
Proceedings 2405, 020026 (05th April 2022); https://doi.org/10.1063/5.0072436 

[27] C Aravindan, R Vasuki “A study on improvising early detection of dot haemorrhages in the retina 
through dynamic image comparison technique” Materials Today: Proceedings, 2021, ISSN 2214-
7853, 21st May 2021 https://doi.org/10.1016/j.matpr.2021.04.268.  

[28] C Aravindan, V Sharma, A Thaarik Ahamed, M Yadav, S Chandran “Fundus Image Based Macular 
Edema Detection Using Convolutional Neural Network” in Advances in Systems, Control and 
Automations. Lecture Notes in Electrical Engineering, Vol 708. 14 pp 143-153, Springer, 
Singapore. https://doi.org/10.1007/978-981-15-8685-9_March 2021. 

[29]    C. Aravindan and R. Vasuki, "Detection and Classification of Early Stage Diabetic Retinopathy using 
Artificial Intelligence and Image Processing," 2023 International Conference on Intelligent Data 
Communication Technologies and Internet of Things (IDCIoT), Bengaluru, India, 2023, pp. 919-
924,doi:10.1109/IDCIoT56793.2023.10053477.

 

https://doi.org/10.1080/21681163.2022.2164358
https://doi.org/10.1063/5.0072436
https://doi.org/10.1016/j.matpr.2021.04.268
https://doi.org/10.1007/978-981-15-8685-9_March%202021

