© June 2024 | JIRT | Volume 11 Issue 1 | ISSN: 2349-6002

Heart Disease Prediction Using Deep Learning — A
Survey

MANSI SINGH PARIHAR?, PROF. DR. REENA GUNJAN?
! Computer Science & Engineering Department, MIT ADT University Pune, India
2 Professor, Computer Science & Engineering Department, MIT ADT University Pune, India

Abstract— In this work, a unique approach to the early
and accurate identification of heart disease—a leading
cause of mortality worldwide—is discussed. Recognizing
the urgent need to address this health concern, the
research highlights the utilization of cutting-edge medical
technology as the main diagnostic tool, namely
Electrocardiogram (ECG) data. In an effort to increase
detection accuracy and prognostic capacity for
cardiovascular illness, the study looks into a variety of
machine learning (ML) and deep learning (DL) models.
The suggested technique intends to improve the diagnosis
of heart illness by using ECG signals, which offer
important information regarding heart function. The
paper's creative methodology advances the development of
effective and trustworthy instruments for the early
detection of cardiovascular disorders. Through the
integration of cutting-edge machine learning and deep
learning techniques, the research hopes to have a major
influence on healthcare and, in the end, save lives by
treating patients at risk of heart-related diseases in a timely
manner. The potential of technology to lower the
worldwide burden of cardiovascular illnesses is
highlighted by this work, which marks a significant
improvement in medical diagnosis.
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Early Detection, Deep Learning, Machine Learning,
Medical Diagnostics, Risk Prediction, Big Data, Al,
Feature Extraction, Neural Networks, Predictive Models,
and Healthcare Technology.

I INTRODUCTION

The Even though heart disease is the world's top cause
of mortality, many lives may be spared if it were
detected accurately and early on. Medical
examinations, cardiac sounds, computed tomography
(CT) pictures, electrocardiogram (ECG) signals, and
other testing are the main ways to diagnose heart
disease. The utilization of ECG signals in the
diagnosis and treatment of heart illness is one of the
most significant of these.
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A large body of research and review papers on the use
of several machine learning (ML) and deep learning
(DL) models to the categorization of cardiac disease
have recently been published. Nevertheless, it has
been noted that imbalanced heart disease data has a
reduced detection accuracy. Thus, the use of deep
learning techniques is being investigated as a potential
remedy to raise the forecast accuracy of heart disease.
With heart disease fast overtaking all other causes of
death globally, reliable risk prediction is essential to
patient-centered therapy. Significant risks and
expensive medical expenses are associated with
invasive coronary angiography, which is frequently
performed to identify coronary artery stenosis in
patients with suspected coronary heart disease (CHD).
Therefore, it is crucial to create accurate and non-
invasive techniques for cardiac disease prediction in
order to enhance patient outcomes and save healthcare
costs. Deep learning in particular, which is inspired by
the tens of millions of neurons and over 100,000
connections seen in the human brain, provides
potential answers for this kind of application.

Advances in medical technology and the emergence of
the big data age in the biomedical field—fueled by
artificial intelligence—have propelled the rise of
computational medicine. The enormous volumes of
biological data that are available must be mined for
important insights in order to further precision
medicine. Machine learning methods were initially
used to extract biological data and find pertinent
features. This is a labor-intensive process that takes a
lot of time and money because it primarily depends on
feature engineering and the knowledge of experts. But
traditional feature engineering is no longer necessary
since deep learning, a sophisticated subfield of
machine learning, can automatically extract complex
and reliable features from unprocessed data.
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Deep learning is said to provide major benefits for
maximizing the use of biological data and enhancing
medical results, especially in the areas of genetics,
medication development, medical imaging, and
electronic health records. As a result, deep learning is
having a lot of potential applications in the medical
profession and is growing in significance. Deep
learning's use in computational health still faces a
number of difficulties, including interpretability
issues, data heterogeneity, and a lack of sufficient data.
To improve deep learning's efficacy in medicine,
several issues are examined and resolved. The ultimate
goal of the research is to digitize the time-consuming
and expensive process of medical diagnosis that is
now performed in hospitals by identifying deep
learning approaches that can properly anticipate heart
problems.

1. LITERATURE REVIEW

1. A clinical decision support system for predicting
coronary artery stenosis in patients with suspected
coronary heart disease, 2022 In patients suspected of
having coronary heart disease, a research offered a
clinical decision support system that employs machine
learning to predict coronary artery stenosis
noninvasively. The goal of this technology is to lower
the expenses and hazards related to intrusive
angiography. The system utilizes XGBoost and
Random Forest models to precisely identify
individuals with varying degrees of stenosis. It then
provides tailored intervention recommendations and
may reduce the need for invasive operations,
ultimately leading to improved patient outcomes.

2. Classifier identification using deep learning and
machine learning algorithms for the detection of
valvular heart diseases, 2022 Using a dataset of 1,000
PCG recordings from different heart diseases, the
research focuses on evaluating heart sounds to
diagnose heart-related problems. The goal of the
project is to increase classification accuracy for early
heart disease screening by developing a cost-effective
classifier using a modified Xception model inside a
deep learning neural network.

3. Deep Learning Electrocardiographic Analysis for
Detection of Left-Sided Valvular Heart Disease.
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(2022) The study developed deep learning algorithms
using electrocardiography (ECG) to detect moderate or
severe aortic stenosis (AS), aortic regurgitation (AR),
and mitral regurgitation (MR), either individually or in
combination. Utilizing a dataset comprising 77,163
patients, the deep learning model demonstrated high
accuracy, with AU-ROC values of 0.88 for AS, 0.77
for AR, 0.83 for MR, and 0.84 for any of AS, AR, or
MR. Additionally, the model exhibited strong
predictive values, with a positive predictive value of
20% and a negative predictive value of 97.6%, making
it effective for valvular heart disease screening.

4. FetalNet: Low-light fetal echocardiography
enhancement and dense convolutional network
classifier for improving heart defect prediction The
work addresses the problem of effectively identifying
embryonic cardiac abnormalities by ultrasonography,
which is frequently hindered by low picture quality. It
suggests FetalNet, a deep learning-based technique
that combines a convolutional neural network (CNN)
classifier with low-light image enhancement (LLIE).
FetalNet highlights the potential to improve prenatal
screening and diagnosis by significantly improving
picture quality and demonstrating encouraging results
in predicting fetal heart abnormalities.

5. A comparative study of classification and prediction
of Cardio-Vascular Diseases (CVD) using Machine
Learning and Deep Learning techniques The survey
report addresses the growing incidence of
cardiovascular and peripheral vascular diseases
(CVD) and highlights the critical need for cutting-edge
methods such as data mining and artificial intelligence
for early diagnosis and prediction. In an effort to
support physicians in making decisions and lower the
death rates linked to CVD, it evaluates many models
used in classification, data mining, machine learning,
and deep learning for CVD prediction.

6. Interpretable prediction of 3-year all-cause
mortality in patients with heart failure caused by
coronary heart disease based on machine learning and
SHAP The researchers used a machine learning model
called Extreme Gradient Boosting (XGBoost) to
forecast the 3-year all-cause death rate of patients
suffering from heart failure as a result of coronary
heart disease. This model effectively differentiated
risk, demonstrating that a greater ML score was linked
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to a considerably larger hazard of events. Predictions
were influenced by important characteristics such as
age, biomarkers, employment, and medication usage.

7. Heart disease detection using deep learning methods
from imbalanced ECG samples The study addresses
unbalanced data in the context of heart disease (HD)
identification utilizing electrocardiogram (ECG)
signals by putting forth a GAN-LSTM ensemble
model. The GAN-LSTM model offers a promising
technique for HD identification with potential
applications in healthcare. Simulations using the MIT-
BIH and PTB-ECG datasets show that this model
achieves higher accuracy, Fl-score, and AUC over
previous ML and DL models.

8. Evolutionary algorithm-based convolutional neural
network for predicting heart diseases In this research,
a novel method for predicting heart disease utilizing
the jSO algorithm to dynamically optimize CNN
hyperparameters is presented: CNN-jSO. CNNjSO
surpasses other models in testing on combined
PhysioNet and Kaggle datasets, obtaining testing
accuracy of 94.12% and training accuracy of 97.76%.
With the capacity to fine-tune model architecture via
JjSO and the strength of CNN feature extraction, this
method offers a promising approach to efficient and
precise heart disease prediction.

9. Random forest swarm optimization-based for heart
diseases diagnosis In order to forecast cardiac illness,
the research suggests a unique method that combines
Random Forest with Multi-Objective Particle Swarm
Optimization (MOPSO). MOPSO is used to provide a
variety of training sets, maximizing diversity and
accuracy at the same time. Using this technique,
Random Forest performs better by figuring out the
almost ideal number of classifiers. The suggested
method demonstrates improved predictive accuracy
through comparisons with solo and ensemble
classifiers on six heart datasets, providing a potential
strategy for varied and accurate heart disease
prediction.

10.Prognosis analysis of thick data: Clustering heart
diseases risk groups case study. The study highlights
the value of qualitative analytics in the interpretation
of clinical data, especially when it comes to risk
prediction for heart disease. In addition to highlighting
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the importance of patient attributes including lifestyle
and socioeconomic status, it suggests using the Fuzzy
C-Means algorithm to provide prognostic predictions
for illnesses related to Cardiovascular Disease (CVD).
By using Fuzzy C-Means clustering to identify risk
subgroups across three UCI CVD datasets with an
average accuracy of 75%, the study seeks to solve the
difficulties associated with working with tiny clinical
datasets.

I, TAXONOMY

Predictive Models for Coronary Artery Stenosis:
The paper "A clinical decision support system for
predicting coronary artery stenosis in patients with
suspected coronary heart disease,” published in 2022,
presents the ground-breaking clinical decision support
system designed to predict coronary artery stenosis in
patients presenting with suspected coronary heart
disease. The dataset that the system uses consists of
demographic information, imaging tests, and therapy
measures. A sophisticated Multi-Classification
prediction component serves as its main algorithm [1].
While the results are encouraging, the study points out
that there is room for improvement in this innovative
prediction approach as certain patient projections may
not be entirely correct.

Detection of Valvular Heart Diseases: The 2022 article
"Classifier identification using deep learning and
machine learning algorithms for the detection of
valvular heart diseases” shows a significant
improvement in the identification of valvular heart
ailments. The study's primary source of training and
validation data was heart sound recordings. Using a
CNN-based deep learning neural network, the research
aimed to discover classifiers capable of reliably and
effectively identifying valvular heart diseases [2].
Even though the study's results are optimistic, it
emphasizes a learning phase limitation and suggests
that it takes a considerable amount of time. This work
marks a significant development in the application of
state-of-the-art  machine  learning  techniques,
particularly deep learning, for the accurate and timely
identification ~ of  valvular  heart  diseases,
notwithstanding optimization issues.

Deep Learning for Left-Sided Valvular Heart Disease
Detection: The 2022 paper "Deep Learning
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Electrocardiographic Analysis for Detection of Left-
Sided Valvular Heart Disease" describes a novel
technique for using deep learning algorithms to
identify  left-sided valvular  heart  disease.
Echocardiography data served as the study's main
training and validation dataset. Using a convolutional
neural network (CNN) for deep learning analysis, the
research aimed to develop a model that could
accurately identify symptoms of left-sided valvular
heart disease from electrocardiographic data [3]. The
research indicates that because of a flaw in the
screening process, the results could not fairly represent
clinical situations in the real world. This work
constitutes a significant advancement in deep learning
techniques, with room for further validation and
enhancement to increase its effectiveness.

I.  Fetal Echocardiography Enhancement for Heart
Defect Prediction: The study "FetalNet: Low-
light fetal echocardiography enhancement and
dense convolutional network classifier for
improving heart defect prediction” released in
2022 describes a novel way to improving fetal
echocardiography for heart defect detection. The
study used a collection of echocardiogram
pictures from GitHub, with convolutional neural
networks (CNNs) as the fundamental
computational framework [4]. The study's goal
was to create "FetalNet,” a dense convolutional
network classifier, by focusing on low-light
circumstances common in prenatal imaging.
Despite its gains, the study identifies a restriction
in the model's usefulness, citing its reliance on
data quality and the unique features found in fetal
echocardiography images. This study offers a
significant step forward in using deep learning
techniques to improve the accuracy of cardiac
defect prediction.

Il. Comparative Study of Cardio-Vascular Diseases
Prediction: An extensive analysis of the
effectiveness of machine learning and deep
learning approaches in the prediction of
cardiovascular disease (CVD) can be found in
the 2022 publication "A comparative study of
classification and prediction of Cardio-Vascular
Diseases (CVD) using Machine Learning and
Deep Learning techniques”. With random forest
swarm optimization serving as the main
technique, the study's analysis was based on a
wide variety of six cardiac datasets [5]. Although
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the research offers valuable insights into the
efficacy of different approaches, it acknowledges
a limitation in its generalizability, namely that
the results are derived from a limited number of
datasets. The study also highlights how
ambiguous the model is when used in actual
clinical situations. This study provides a helpful
machine learning comparison.

Predicting 3-Year All-Cause Mortality in Heart
Failure Patients: A study aiming at predicting 3-
year all-cause mortality in patients with heart
failure related to coronary heart disease is
described in the 2021 paper “Interpretable
prediction of 3-year all-cause mortality in
patients with heart failure caused by coronary
heart disease based on machine learning and
SHAP". The study analyzed patient data from
case reports using a range of machine learning
techniques, such as LR, KNN, SVM, NB, and
MLP [6]. A major limitation of the study is that
it only included patients from certain hospitals
and geographic areas. This highlights the need
for more data to be included in the study in order
to increase the generalizability of the prediction
model. This work demonstrates the potential of
machine learning techniques in clinical settings
and represents a significant advancement
towards interpretable death prediction in heart
failure patients.

Heart Disease Detection using Deep Learning
Methods: An investigation into the application of
deep learning algorithms for the diagnosis of
heart illness using unequal electrocardiogram
(ECG) data was published in the paper "Heart
disease detection using deep learning methods
from imbalanced ECG samples” in 2021. The
study employed many deep learning methods,
including MLP, LSTM, GAN, and GAN-LSTM
ensemble models, using ECG datasets from
patients with heart disease [7]. The study
acknowledges a limit in the possibility for further
increase in performance accuracy, despite the
encouraging results. The effectiveness of deep
learning techniques in identifying heart
conditions from ECG recordings is demonstrated
in this work, opening the door for further
advancements in the precision and dependability
of diagnostic instruments.
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V. Evolutionary Algorithm-Based CNN for Heart
Disease  Prediction: The 2021  paper
"Evolutionary algorithm-based convolutional
neural network for predicting heart diseases"
outlines a unique method for heart disease
prediction that makes use of an enhanced
convolutional neural network (CNN) for
evolutionary algorithms. In order to create a
more precise prediction model, the study
employed datasets from Kaggle's heartbeat
sounds and PhysioNet heart sounds [8]. The
study admits that in order to improve the
accuracy of the model, greater process speeds
and testing on several datasets are necessary.
This work emphasizes how evolutionary
algorithms and CNNs may be used to improve
the field of cardiac illness prediction, but it also
emphasizes how further optimizations and
validations are required before any real-world
clinical applications can be made.

VI. Random Forest Swarm Optimization for Heart
Diseases Diagnosis: The random forest method
and multi-objective particle swarm optimization
(MOPSO) are combined in a unique way to
diagnose heart illness, as described in the 2021
paper "Random forest swarm optimization-based
for heart diseases diagnosis". The study aimed to
improve the identification accuracy of heart
illness using six distinct cardiac datasets [9]. The
research did find a limit on the amount of
production time required to train decision trees in
this particular design. While highlighting the
significance of adjusting training periods for
realistic clinical deployment, this study
demonstrates how combining optimization
approaches with random forest algorithms may
increase diagnosis accuracy in cardiac diseases.

VII. . Prognosis Analysis of Heart Diseases Risk
Groups: A specific investigation into clustering
heart disease risk groups using the Fuzzy C-
Means (FCM) approach is described in the 2021
paper "Prognosis analysis of thick data:
Clustering heart diseases risk groups case study".
One tiny dataset, the Cleveland Dataset, was
examined in the study [10]. The study's
shortcoming, though, was the tiny dataset, which
could have limited how far the findings could be
applied. Moreover, the research failed to include
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extraneous variables that can impact the
prognosis of heart disease. Notwithstanding
these drawbacks, the study offers helpful
information on the clustering of heart disease risk
groups, indicating the appropriateness of the
FCM method for this kind of analysis. Our
understanding and application may be enhanced
by greater study using bigger and more varied
datasets and taking into account outside factors.
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CONCLUSION

This study paper highlights the need of correctly and
rapidly diagnosing heart disease, as it is a leading
cause of mortality globally. In order to further existing
efforts to improve diagnostic precision, the study
combines machine learning and deep learning
techniques, with a focus on the challenges caused by
unbalanced data in electrocardiogram (ECG) signals.
The literature review highlights the growing body of
research that classifies cardiac disease using several
models, which encourages more study into the
potential of deep learning to overcome the accuracy
limitations caused by unbalanced datasets. The study
demonstrates how deep learning, inspired by the
complexity of the human brain, may automate feature
extraction with minimal feature engineering work.

Big data and artificial intelligence, the factors
underpinning the creation of computational medicine,
are predicted to aid in the advancement of precision
medicine. Despite the substantial promise that deep
learning has for medical applications, the study
acknowledges a number of challenges, such as data
heterogeneity, interpretability =~ problems, and
insufficient data. The primary goal is to discover

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1181



© June 2024 | JIRT | Volume 11 Issue 1 | ISSN: 2349-6002

trustworthy deep learning methods to predict cardiac
diseases. This will eventually assist hospitals in
decreasing the amount of work associated with their
labor-intensive diagnostic processes and further the

discussion about

how cutting-edge technology

enhances healthcare.
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