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Abstract: Cardiovascular disease (CVD) is a global health burden, with heart attacks being a major contributor to
mortality. Early detection of risk factors is crucial for preventive measures. This paper investigates the application of
Convolutional Neural Networks (CNNs) for analysing retinal images to predict heart attack risk. The rationale lies in the
ability of retinal vasculature to reflect systemic vascular health. CNNs, a powerful deep learning technique, are adept at
learning intricate patterns from image data. By analysing retinal images, the proposed model can identify subtle features
associated with an increased risk of heart attack. This approach offers a non-invasive and potentially cost-effective
screening method for CVD. The effectiveness of the proposed method is evaluated using a benchmark retinal image
dataset. Metrics such as accuracy, sensitivity, and specificity are employed to assess the model's performance.
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I INTRODUCTION

Cardio vascular disease (CVD) , including heart attacks, remains a leading cause of mortality worldwide. Early detection
and intervention are crucial for mitigating the risk of adverse cardiovascular events. Recent advancements in medical
imaging, particularly the analysis of retinal images, have shown promise in predicting cardiovascular health and risk
factors. Retinal images provide a non-invasive and easily accessible source of information, as the microvasculature of
the retina shares anatomical and physiological similarities with the systemic vasculature. Convolutional Neural Networks
(CNNs), a class of deep learning algorithms, have demonstrated remarkable capabilities in extracting meaningful features
from complex datasets such as retinal images. By leveraging CNNs, we aim to develop a predictive model for heart attack
risk using retinal images as input. This study seeks to explore the potential of CNN-based analysis of retinal images as a
novel approach for early detection and risk stratification of cardiovascular disease, ultimately contributing to improved
patient outcomes and healthcare management.

1. LITRTURE SURVEY

1.Prediction of Cardiovascular Markers and Diseases Using Retinal Fundus Images and Deep Learning: A Systematic
Scoping Review (2023) .This 2023 review by Poplin et al. examines 24 studies published between 2018 and 2023. It
focuses on the use of deep learning, specifically CNNs, for analysing retinal images to predict cardiovascular markers
(like blood pressure) and diseases (like heart attack). Key findings include: Most studies (96%) used CNNs for image
processing ,Only a minority (38%) incorporated traditional clinical risk factors alongside the image analysis, External
validation of the models, crucial for real-world application, was rare (only 21%) and Only a few studies made their code
publicly available, hindering further research and development .This survey highlights the growing interest in CNN-
based retinal image analysis for CVD risk prediction but emphasizes the need for : Incorporation of clinical data,
Combining image analysis with traditional risk factors can potentially improve model accuracy ,External validation
Testing models on independent datasets is essential for ensuring generalizability ,Open-source code and Sharing code
promotes research collaboration and reproducibility.

2.Using Al on Retinal Images to Accurately Predict the Risk of Cardiovascular Event (CVD-AI) (2022).
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This 2022 study by Cheung et al. focuses on the potential of a specific CNN model (CVVD-AI) for predicting CVD risk
using retinal images. It analyses a large, multi-ethnic dataset (over 70,000 images) and demonstrates that CVD-AI
performs comparably to or better than human experts in assessing CVD risk factors based on retinal features. This
suggests the potential for CNNs to offer a reliable and potentially more objective approach to CVD risk assessment.

3.Artificial Intelligence in Assessing Cardiovascular Diseases and Risk Factors via Retinal Fundus Images (2023).

This recent work (year not explicitly mentioned but likely 2023 based on publication date format) explores the use of
deep learning for evaluating various CVD risk factors through retinal images. It highlights the potential for CNNs to
predict factors like hypertension and diabetes based on retinal features.

1. METHODLOGY

Dataset Collection : Retinal images acquired through various imaging modalities such as retinal fundus photographs,
OCT angiography, or adaptive optics serve as the input data for the analysis. You can also get the datasets which is
publicly available(https://www.kaggle.com/datasets/paultimothymooney/kermany2018) on the internet.

Data Preprocessing : In this step we Perform image preprocessing techniques such as noise reduction, image
enhancement, RGB to gray conversion , artifact removal and normalization to improve image quality and consistency ,
Apply image registration to align images from different modalities for standardized analysis.

o Noise reduction — Applying filters such ass gaussian blur or median filtering to remove noise and improve clarity
of blood vessels and other structures.

e Image enhancement — Adjusting brightness ,contrast and sharpness to improve image quality and make features
more distinguishable.

e RGB to gray scale conversion - The conversion process aims to preserve features such as blood vessels,
hemorrhages, and other structural abnormalities present in the retinal image, which are crucial for assessing
cardiovascular risk. By converting the RGB retinal image to grayscale, color information is discarded while
luminance information is retained, allowing for more straightforward analysis of vascular morphology and other
relevant features.

e Acrtifact removal : Removing artifacts such as dust spots, reflections or motion blur that could interfere with
feature extraction.

e Normalization — Standardizing vessel diameters across to account for variations in image resolution.

Segmentation : Utilize Segmentation algorithms to separate retinal vessels from the background and other anatomical
structures, Techniques such as thresholding, region growing, or active contours can be employed for accurate
vessel segmentation.
e Thresholding - Technique used to separate objects or features from the background in an image by setting a
specific intensity value
e Region growing - It is an image segmentation technique where similar neighboring pixels are grouped
together starting from a seed point, forming coherent regions based on properties like intensity or color.

Feature Extraction: These features capture structural and morphological aspects of the retinal vasculature and surrounding
tissue, which can be indicative of underlying cardiovascular health and risk factors some of the main features include
Arteriolar-to-venular ratio (AVR) - Calculated as the ratio of the width of arterioles to venules, which can indicate
microvascular abnormalities associated with cardiovascular risk.

e Fractal dimension - Measure of the complexity of the retinal vascular network, where higher values may indicate
vascular remodeling and potential cardiovascular risk.

e Vascular caliber - Quantification of the width or diameter of retinal blood vessels, which can be indicative of
systemic vascular health and cardiovascular risk factors.

e Foveal avascular zone (FAZ) parameters - Characteristics of the central avascular area in the macula, such as
size, shape, and irregularities, which may be associated with cardiovascular risk factors like diabetes and
hypertension.

e Retinal microaneurysms - Detection and quantification of microaneurysms, which are small outpouchings in
retinal blood vessels often associated with diabetic retinopathy and cardiovascular risk.

e Hemorrhages and exudates - Identification and analysis of retinal hemorrhages and exudates, which can indicate
vascular damage and systemic diseases like hypertension and diabetes.
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e  Optic disc parameters - Features related to the size, shape, and cup-to-disc ratio of the optic disc, which may
provide insights into vascular health and cardiovascular risk factors.

Feature Selection : Feature selection involves in identifying the most relevant and informative features from a larger set
of extracted features to improve the performance and efficiency of machine learning models by reducing dimensionality
and minimizing noise or redundancy in the data.

Classification using CNN : This model is designed to automatically learn and extract relevant features from retinal
images that are indicative of cardiovascular health and risk factors. Steps involved in this include

e Input Layer- The input to the CNN model consists of retinal images obtained from patients. These images are
preprocessed to enhance quality, remove noise, and standardize features, ensuring consistency across the dataset.

e Convolutional Layers - The CNN begins with several convolutional layers, each containing multiple filters that
slide over the input retinal images. These filters detect various features such as blood vessels, lesions, and other
structural patterns relevant to cardiovascular health. Through the training process, the CNN learns to extract
discriminative features from the retinal images.

activation map
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e Activation Function - Following each convolutional operation, an activation function like ReLU (Rectified
Linear Unit) is applied element-wise to introduce non-linearity into the model, allowing it to learn complex
patterns and relationships in the retinal images.

e Pooling Layers - After each set of convolutional layers, max-pooling layers down-sample the feature maps by
aggregating neighboring pixels. This reduces the spatial dimensions of the feature maps while preserving the
most important features, making the model more computationally efficient and robust to variations in input
images.

Convolved Pooled
feature feature

e Flattening - The output from the final pooling layer is flattened into a one-dimensional vector, which serves as
the input to the fully connected layers.

e Fully Connected Layers - These dense layers learn high-level representations of the features extracted from the
retinal images. They capture complex relationships between features and are capable of modeling intricate
patterns indicative of cardiovascular health and risk factors.
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e Output Layer - The final layer of the CNN produces the output predictions, which could be high severity , low

severity and absent cases. The activation function used in this layer depends on the specific task, such as sigmoid
for binary classification or soft max for multi-class classification.
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Testing : Evaluate the final trained model on a held-out test dataset to assess its performance in predicting heart attack
risk from retinal images. We use our 80% of dataset to training and 20% of dataset for the testing process of the CNN.
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Figure 1 : System Architecture
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Figure 2 : Class Diagram
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Figure 3 : Use Case Diagram
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Figure 4 : Implementation Diagram
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PREDICTING HEART ATTACK RISK THROUGH RETINAL IMAGE
USING CONVOLUTION NEURAL NETWORK ALGORITHM

Select Image

Choose Flle ERIEIIREEY

FIGURE : ANALYSING PAGE

Threshold Images Image Sharpning Result

Status: low_severity

Accuracy:The predicted image Is

low_severity with a confidence of 100.00%

Figure : Result Page

VI. CONCLUSION

Our study demonstrates the effectiveness of Convolutional Neural Networks (CNNSs) in analysing retinal images to
predict heart attack risk. The developed CNN model showcases high accuracy and robust performance, offering a non-
invasive and cost-effective approach for early detection and risk stratification of heart attacks. This research holds
significant potential for improving patient outcomes by enabling timely interventions and complementing existing
diagnostic methods in cardiovascular disease management. Future research directions could focus on refining the model
architecture and exploring additional features to further enhance predictive accuracy and generalization across diverse
patient populations.

VII. FUTURE SCOPE

In future research, the scope of predicting heart attack risk will promise for several avenues of exploration. Firstly,
expanding the dataset to include larger and more diverse collections of retinal images with corresponding clinical
outcomes could enhance the model's ability to generalize across various patient populations and disease presentations.
Secondly, exploring multi-modal fusion by integrating additional sources of data, such as genetic profiles or
electrocardiograms, could provide a more comprehensive understanding of cardiovascular risk factors and improve the
accuracy of predictions. Additionally, investigating methods for explaining the decisions made by the CNN model, such
as attention mechanisms or interpretable deep learning techniques, could enhance the model's transparency and facilitate
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its adoption by clinicians. Furthermore, leveraging transfer learning approaches to adapt pre-trained CNN models from
related medical imaging tasks could expedite model development and reduce the need for extensive labeled datasets.
Finally, conducting prospective clinical studies to validate the performance and real-world utility of the developed CNN
model in diverse clinical settings would be crucial for assessing its impact on patient outcomes and informing healthcare
decision-making. By addressing these research directions, future studies can advance the application of deep learning
and medical imaging in cardiovascular risk assessment, ultimately improving patient care and outcomes in cardiology.
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