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Abstract: Heart diseases is one of the leading causes of death globally. Early diagnosis is important for effective treatment and prevention. 

Recent studies is been capable of becoming more effective of retinal fundus image commonly obtained during routine eye examinations which 

non-invasive for early heart detection. 

Advanced AI, especially something called "deep learning," can look at pictures of the back of your eye (called retinal images) and find signs 

of heart problems. In one big study, researchers used AI to study over 280,000 of these eye images. The AI learned how to guess things like a 

person’s age, whether they smoke, their blood pressure, and even their risk of heart issues—just by looking at their eyes. And it did a really 

good job! 

 

IndexTerms – Heart Disesase Detection, Retinal Fundus Imaging, Deep Learning, Non Invasive Diagnosis. 

 

INTRODUCTION 

 

Heart diseases is one of the leading causes of death globally . Doctors usually use tests like ECGs and angiograms to check for heart problems, 

and while these tests work well, they can be uncomfortable and not always easy to get. But now, new research shows that just by taking a 

photo of the back of your eye (called a retinal fundus image), doctors can spot early signs of heart disease.  

That’s because the tiny blood vessels in your eye are very similar to the ones in the rest of your body. So by looking at them, doctors can get 

clues about how healthy your heart and blood system are. 

The retina's vascular network mirrors the body's circulatory system, making it a window into cardiovascular health Changes in the tiny blood 

vessels in the eye—like their width, shape, or small bulges—have been linked to heart and blood vessel diseases in the body.". These retinal 

features can serve as biomarkers for conditions like hypertension, diabetes, and atherosclerosis, which are precursors to more severe 

cardiovascular events. 

 

LITERATURE REVIEW 

• Retinal Fundus Imaging: A non-invasive technique capturing detailed images of the retina, offering insights into systemic vascular 

health. 

• Cardiovascular Disease (CVD) Detection: Changes in the tiny blood vessels in the eye, like how wide or twisted they are, can be 

early warning signs of heart disease. 

• AI Integration: Computer programs using deep learning,are used to look at eye images to help predict heart disease risk." 

• Early Detection: Retinal imaging can serve as an early indicator of cardiovascular risk, enabling timely interventions. 

• Non-Invasive Screening: Offers a non-invasive, cost-effective alternative to traditional cardiovascular screening methods, 

particularly beneficial in resource-limited settings. 

• Integration into Routine Care: Adding eye scans to regular eye check-ups can help spot people who might be at risk for heart 

disease. 

• Multimodal Approaches: Using eye scans along with other tests like OCT and OCTA can give more detailed health information. 

• Personalized Medicine: Creating AI tools that take a person’s unique health details into account can make predictions more accurate. 

• Global Implementation: Using eye scans more in health programs around the world can help find and prevent heart diseases early. 

 

III. Methodology 

 

Looking at the back of the eye (retinal imaging) is a helpful way to find early signs of heart disease. 

 

That’s because the tiny blood vessels in your eye can show changes that may be linked to problems with your heart and blood circulation. Many 
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people around the world suffer from heart diseases like heart attacks and strokes. Finding these problems early is very important, because it 

gives doctors a chance to treat them before they become serious. This can save lives and help people stay healthy.  

 

But in many places, people don’t have access to easy or affordable medical tests.That’s where retinal imaging can help. Eye scans are quick, 

painless, and can be done during a regular eye check-up. By using these scans more often, especially in areas with limited medical services, 

more people can be checked for heart disease risk in a simple way. 

 

Doctors can look at things like the shape and size of the eye’s blood vessels, or small changes called microaneurysms, to tell if there’s a risk of 

heart problems. If they catch these signs early, they can suggest lifestyle changes or treatments to help prevent heart attacks or strokes. 

 

Retinal imaging can reach more people, especially in countries where other medical tools aren’t easy to get.This helps make healthcare more 

fair and improves health in entire communities. 

 

Technology is making this even better. New, portable eye cameras and even smartphones can take high-quality pictures of the eye. Artificial 

intelligence (AI) is also being used to help doctors read these images faster and more accurately. AI can spot signs of heart disease that may be 

hard for humans to see. 

 

Using retinal imaging in health programs is a smart way to combine eye care and general health checks. It can find not only eye diseases like 

diabetic retinopathy but also heart problems—all in one test. This saves time and helps more people get the care they need. 

 

In summary: Using eye scans to check for heart disease is simple, safe, and affordable. It can help doctors find problems early, treat them on 

time, and save lives. As technology gets better, retinal imaging could become a normal part of health checkups everywhere 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

System Architecture 

This system helps doctors find heart disease by using two types of health information: pictures of the back of the eye (called retinal 

fundus images) and signals from the heart (called ECG signals). When we use both together, we can detect heart problems more 

accurately. 

What Are Retinal Fundus Images? 

Retinal fundus images are pictures of the back part of your eye, where there are lots of tiny blood vessels. These little vessels can show 

how healthy the blood vessels in the rest of your body are. If there are changes in these vessels, it might mean there’s a problem— 

like heart disease. 

Doctors use special cameras to take these pictures. One example is a small, easy-to-use camera called the Zeiss Visuscout 100. It can 

take clear pictures quickly. These images show the size and shape of the blood vessels, and by looking at them, doctors—or even 

computers using AI—can find clues about how healthy your heart might be. 

What are ECG signals? 

ECG stands for electrocardiogram. It’s a test that records the electrical signals your heart makes when it beats. To do it, doctors place 

small stickers (called electrodes) on your skin, usually on your chest, arms, and legs. These pick up the heart’s signals and show them 

as waves on a screen. 

These waves help doctors see if your heart is beating normally or if there’s a problem, like an irregular heartbeat or another heart 

condition. 

How Are Retinal Images Prepared for Analysis? 

Before using the eye pictures to check for heart disease, we need to prepare them. First, the pictures are changed from color to black 

and white. This makes it easier for computers to study them. Then, the contrast of the pictures is improved, which means the details 

become clearer. 
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Next, the brightness levels are adjusted so the pictures look more similar to each other. This helps the computer learn better. We also 

create more pictures by rotating or flipping the original ones. This gives the computer many different examples to learn from and helps 

it get better at recognizing patterns. 

How Are ECG Signals Prepared? 

ECG signals are waves that show the heart’s electrical activity over time. To understand these waves better, we use a math method 

called Fast Fourier Transform (FFT). This changes the waves from showing activity over time to showing the different types of 

heartbeat rhythms. 

Another method called Earth Mover’s Distance (EMD) helps compare important features of the ECG signals. This step is important 

because it helps mix the heart data with the eye image data in a way the computer can understand. 

What Features Are Looked at in the Eye Pictures? 

The computer uses a special kind of AI called Convolutional Neural Networks (CNNs) to study the eye pictures. CNNs are good at 

finding patterns in images. 

In these pictures, the AI looks at things like the thickness of the blood vessels, how much they twist, and how they branch out. These 

features can change when someone has heart disease or related problems. The AI can spot small changes that people might miss. 

How Does the AI Model Work? 

The AI model combines information from both the eye pictures and the ECG signals. This combined information is called multimodal 

data because it comes from two different sources. 

The model is a type of deep learning program called a Convolutional Neural Network (CNN). It learns from many examples where 

doctors already know if the person was healthy or had heart disease. 

By studying these examples, the model learns to recognize signs of heart disease. When it gets new data, it can predict if a person 

might be at risk or not. 

Why Use Both Eye Pictures and Heart Signals? 

Using both types of information together makes the system smarter and more accurate. The eye pictures show the condition of the 

blood vessels, while the ECG signals show how the heart is working. 

When we combine these, we get a better overall understanding of heart health. This helps find heart problems earlier and reduces 

mistakes. 

Benefits of This System 

This system is safe and easy. Taking pictures of the eye and recording ECG signals do not hurt and do not cause any pain. The eye 

cameras are small and easy to carry, so doctors can use them even in places where medical tools are limited. 

With the help of AI, doctors get results faster and can make better decisions about a patient’s health. Finding heart disease early means 

people can get treatment sooner and avoid serious problems. 

Summary 

In short, this system uses pictures of the eye and signals from the heart to check for heart disease. The eye pictures show tiny blood 

vessels that tell us about blood vessel health in the body. The heart signals show how the heart beats and works. 

Using AI, the system studies these two types of information together. This helps doctors find heart disease early and give better care 

This way, many more people can get help before their heart problems become serious. 

Model Training 

1. Taking the Eye Pictures (Image Acquisition) 

First, high-quality pictures of the back of the eye are taken using special cameras called fundus cameras. These cameras can capture very 

clear images showing tiny blood vessels and other important details in the retina. Good quality pictures are important because the computer 

needs to see fine details to understand if there might be a health issue. 

2. Making More Pictures from the Original Ones (Data Augmentation) 

To help the computer learn better, we create many more images from the original ones. This is done by changing the pictures in simple 

ways, such as turning them around (rotations), flipping them like a mirror (flips), or adjusting the colors slightly. These changes help the 

computer see lots of different versions of the images so it can learn to recognize the important parts no matter how the picture looks. This 

makes the computer smarter and more flexible. 

3. Standardizing the Pictures (Normalization) 

Before feeding the pictures to the computer, their brightness and color levels are adjusted so they all follow the same scale. This step, called 

normalization, helps the computer learn faster and better because it doesn’t have to deal with wildly different picture qualities or colors. 
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4. Using Special Computer Programs Called CNNs (Convolutional Neural Networks) 

The main tool that studies the eye pictures is called a Convolutional Neural Network, or CNN for short. CNNs are very good at looking at 

images and finding patterns. Imagine them like a team of very smart detectives who look for clues in pictures. 

There are different types of CNNs, such as ResNet-18 and EfficientNet-B2, which are known to work well in recognizing things in pictures. 

These models have been tested and used in many image tasks, so they are trusted tools for this kind of job. 

5. Using What Others Have Already Learned (Transfer Learning) 

Instead of teaching the computer from zero, we start with a CNN that has already learned to recognize lots of different images (like animals, 

objects, and scenes) from a huge collection called ImageNet. This process is called transfer learning. 

Starting with this pre-trained knowledge helps the computer learn faster and perform better because it already understands basic image 

features like edges, shapes, and colors. We then fine-tune the model to focus on the specific features of eye images. 

6. Teaching the Computer What’s Right and Wrong (Loss Function) 

When the computer makes guesses about what it sees in the images, it needs a way to measure how good or bad those guesses are. This 

measurement is done using something called a loss function. 

For example, if the computer is deciding whether an image shows a healthy eye or one with a problem, it uses a loss function to calculate 

the difference between its guess and the correct answer. For simple yes/no problems, a common loss function is binary cross-entropy. For 

more than two categories, categorical cross-entropy is used. 

The computer tries to minimize this loss, meaning it learns to make better and better predictions. 

7. Improving Learning (Optimizer) 

To help the computer get better at making predictions, special methods called optimizers are used. Optimizers like Adam or RMSprop help 

the computer adjust its internal settings step by step to reduce mistakes. 

Think of optimizers as coaches guiding the computer to improve its skills during training. They help find the best way for the computer to 

learn from the data. 

8. Smart Training Techniques (Training Strategy) 

Training a computer model too long or too little can cause problems. If it trains too long, it might memorize the training pictures but not do 

well on new ones. This is called overfitting. 

To avoid this, techniques like early stopping are used. This means the training stops when the model stops improving on test data. Another 

method is learning rate scheduling, which adjusts how fast the computer learns during training to keep it learning efficiently. 

These smart training methods help the model perform well on new, unseen data. 

9. Checking How Well the Model Works (Performance Metrics) 

After training, we need to check how good the model is. This is done using different measures: 

Accuracy: How often the model’s guesses are correct overall. 

Sensitivity: How well the model detects actual problems (true positives). 

Specificity How well it correctly identifies healthy cases (true negatives). 

AUC-ROC: A number that shows how well the model balances detecting problems and avoiding false alarms. 

These numbers help doctors trust that the model is reliable. 

Testing on Different Sets of Data (Cross-Validation) 

To make sure the model isn’t just good at guessing the pictures it trained on, we test it on different groups of images. This process is 

called k-fold cross-validation. 

The dataset is split into parts, and the model is trained on some parts and tested on others. This is repeated several times with different parts 

each time. This way, we know the model works well in many situations, not just on one set of data. 

Results and Importance 

Recent studies show that using these deep learning methods with retinal images can effectively detect signs of heart disease and other health 

issues. The models can learn from lots of eye pictures and get better at spotting tiny changes that indicate risk. 

By using these techniques, doctors can get fast and accurate help from AI tools. This can lead to earlier diagnosis and better care for patients. 

The combination of smart image processing, AI models, and good training strategies makes this approach very powerful and helpful in 

medical diagnosis. 
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Results 

Recent studies have shown that artificial intelligence, especially deep learning, can help identify heart diseases by looking at pictures of the 

back of the eye, known as retinal fundus images. These images show small blood vessels that reflect the health of a person’s entire 

cardiovascular system. Researchers developed a deep learning model that was able to tell who was at high risk and who was at low risk for 

heart disease with 83% accuracy. The model also predicted serious events like strokes with 72% accuracy and had an AUC (Area Under the 

Curve) score of 0.83. This means it worked better than older tools like the Framingham risk score, which only had 65% accuracy. 

 

The model could also predict other risk factors like age, gender, smoking habits, and blood pressure just from the eye images. This shows 

how powerful retinal images can be when combined with AI. They provide a non-invasive, quick way to detect heart disease early, even 

before symptoms appear. These results are promising and suggest that eye imaging could become a useful tool in regular health checkups. 

However, scientists say more testing is needed with people from different backgrounds to make sure the model works well for everyone. 

With more research and validation, these AI-based tools could help doctors around the world improve heart disease screening and save lives 

by catching problems early. 

 

Conclusion 

Recent progress in deep learning shows that eye images, called retinal fundus images, can help detect heart diseases. AI models can predict 

heart risk factors like age, gender, smoking habits, blood pressure, and chances of serious heart problems with high accuracy. One model 

correctly identified high-risk individuals 83% of the time and predicted strokes with 72% accuracy—better than traditional tools like the 

Framingham risk score. These models work by spotting tiny changes in eye blood vessels. While the results are very promising, more 

research is needed to make sure they work well for all types of people. 
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