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Abstract - Today, deep learning Al (artificial
intelligence) is widely used in healthcare to diagnose diseases.
Rheumatic heart disease (RHD) and coronary artery disease
(CAD) are the main causes of heart failure (HF), which is still a
serious problem in India. Given that there are currently about
30 million cases of coronary heart disease (CHD) in the nation,
it is evident that the effects of heart failure range greatly
depending on the age group, with younger people experiencing
greater mortality rates and less favourable treatment
outcomes. This underscores the urgent need to establish
comprehensive guidelines for heart failure treatment tailored to
the Indian context. Early detection is crucial for reducing heart
failure rates, and leveraging historical data through deep
learning (DL) technology can play a pivotal role in this regard.
Our study aims to enhance early heart failure detection and
recommend appropriate treatments using deep learning
techniques, which have shown the highest accuracy for our
dataset. We also compare this model's performance with other
machine learning models to validate its efficacy. Even while our
results show that deep learning models can be used to diagnose
and forecast heart failure, more thorough and sophisticated
study is still required to further incorporate technology into
healthcare. By advancing these methods, we can significantly
improve the early detection and management of heart failure in
India.
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1.INTRODUCTION
1.1 DEEP LEARNING

Artificial neural networks with multiple hidden layers are
known as deep learning, which can be defined as a subgroup
of machine learning. Applications like picture and audio
recognition, natural language processing, and predictive
analytics benefit greatly from the deep neural networks'
ability to understand intricate patterns and high-level features
present in high-dimensional data (Vargas et al.,, 2017).

Recent developments in machine learning, data
accessibility, and the appearance of alluring platforms and
accelerators are some of the reasons for the growing interest
in deep learning (Liu etal., 2021). These innovations have led
to progress in handling various issues with high reliability and

speed, as evident in image identification, speech identification,
and other domains (Vargas et al., 2017). Deep learning has
made significant inroads into scientific domains, often leading
to entirely new solutions and hypotheses, such as in protein
folding, semiconductor chip design, and even mathematics
(Liu et al., 2021). However, deep learning systems also raise
concerns related to workforce issues, privacy, transparency,
and ethical use (Vargas et al., 2017).

1.2 HEART FAILURE

Heart failure is a common type of cardiovascular
disease that contributes significantly to global healthcare
costs. It is an acquired clinical condition characterized by a
decrease in cardiac function due to diverse causes, including
CAD, hypertension, and cardiomyopathy (CM). Early diagnosis
and follow-up are crucial for improving prognosis and
reducing healthcare expenses (V. C A & Baby Shalini, 2023).
Machine learning and its subfield, deep learning, have
emerged as recent trends in the diagnosis and prognosis of
medical conditions. Deep learning models can analyze large
amounts of patient data, including clinical history, ECG signals,
echocardiogram images, and physiological measurements, to
identify important features related to heart failure
development (Zhou et al., 2023).

In this research, we propose an ensemble model for
predicting heart failure and warning of heart failure risks. This
model's ability to analyze complex datasets promises
significant advancements in early diagnosis and treatment.

2. LITERATURE SURVEY

Heart disease continues to be the world's top cause of
mortality, making it a serious public health concern (Robert
Detrano et al., 1989). Deep learning and machine learning
developments have created new opportunities for the precise
prediction and early identification of cardiac disease, which
may have a significant effect on patient outcomes. The use of
several machine learning and deep learning algorithms for the
prediction of heart disease has been the subject of numerous
studies. In order to enhance the diagnosis of patients with
heart disease, a hybrid generic framework was put out that
integrated several machine learning approaches (Al-Alshaikh
etal,, 2024).
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2.1 Machine Learning Techniques

Machine learning has been widely used to develop
predictive models for heart disease. Common algorithms
include logistic regression, decision trees, random forests, and
support vector machines (SVM). Some evidence for this comes
from studies such as those of [4] have used logistic regression
on medical datasets, and found that heart disease could be
predicted with reasonable accuracy. Random forests and
SVMs showed even greater performance thanks to their ability
to capture non-linear relationships and interactions in the
data. The early detection of heart disease has also been
studied using deep learning techniques. Artificial intelligence
can automatically identify patterns in clinical data and use
those patterns to forecast the risk of heart disease, according
to the scientists.

Additionally, a thorough assessment of machine
learning models for heart disease prediction was carried out,
emphasising the methods' ability to tackle this urgent medical
issue [5]. A promising method for predicting cardiac disease is
the combination of machine learning and deep learning
models. Predicting the risk of heart disease can be made more
accurate and robust by utilising the strengths of individual
models through the synergistic combination of multiple
algorithms.

The logistic regression algorithm is a basic of ML
technique frequently used in binomial classification tasks like
the heart disease prediction. Reports have shown that it has
been used in diverse research work[6] [7]. Decision trees are
prediction models which are also known as classification and
regression trees. Several studies have used decision trees to
predict heart diseases with good performance into the work;
[8][9]. SVM are a set of supervised methods used in
classification, regression technique and for detection of
outliers. A few papers have posited that SVM is helpful in the
prediction of heart disease [10][11]. Random forest is a
technique of constructing a number of trees and using them to
come up with a final decision. Several works have pointed out
that it has returned positive outcomes in heart disease
prediction[12][13]. Specifically, deep neural networks (DNNs)
have garnered a lot of interest in a range of fields of medicine
including heart disease prediction [14] [15]. Currently, CNNs
and RNNs have been utilized to extract feature from the
medical images and ECG signals for heart disease prediction
respectively.

For the classification of cardiac disease, numerous
studies have used public datasets known as the Cleveland
database and the UCI machine learning repository [12][16].
These investigations have used a variety of clinical
parameters, including blood pressure, serum cholesterol
levels, age, sex, and abnormalities in the electrocardiogram.
Accuracy, precision, recall, F1 score and its variations, and
area under the receiver operating characteristic curve (AUC-
ROC) are some examples of these metrics [6][13].

2.2 Deep Learning Approaches

Neural networks in the deep learning category have
emerged into the field of heart disease prediction with greater
accuracy and improvement in production of features. Complex
medical data can be analyzed effectively using CNN
(convolutional neural network) and RRN (recurrent neural
network). For instance, Acharya et al. a CNN-based model for
predicting coronary artery disease that reported accuracy
above 90% (2017). DL models can learn hierarchical features
from raw data, which makes them especially appropriate for
medical diagnoses[17].

This [18], research paper presents an early warning
and prediction method for heart failure using deep learning
approaches. It identifies significant risk factors, detects
anomalies, and uses an ensemble deep learning model. The
method, evaluated on HeartCarer, achieved an accuracy of
98.5%, surpassing other methods and prior work. This
method is crucial for preventing disease progression and
implementing lifestyle changes.

A three-dimensional convolutional neural network (3D-
CNN) for categorising brain MRI data into two predetermined
groups is presented in this [19] paper. To provide additional
light on the role of the 3D-CNN, a visualisation methodology
called genetic algorithm-based brain masking (GABM) is
suggested. The GABM technique finds known brain regions by
training the 3D-CNN with brain MRI scans. When tested on
ADNI and ABIDE brain MRI datasets, the framework
demonstrated a five-fold boost in classification accuracy and,
in certain situations, improved final model performance.

For the automatic ECG identification of congestive heart
failure (CHF) and coronary artery disease (CAD), a novel two-
channel hybrid convolutional network (THC-Net) has been
developed. The network employs a linear support vector
machine (SVM) based on Dempster-Shafer (D-S) theory,
independent component analysis (ICA)-PCA convolutional
networks, and canonical correlation analysis (CCA)-principal
component analysis (PCA) convolutional networks. With a
95.54% accuracy rate for CAD, CHF, and normal patients, the
approach has the potential to be used for clinical diagnosis.
More comprehensive research is needed to develop
healthcare technologies, even if a lot of research focused on
predicting the risks of heart failure [19].

3. METHODOLOGY

This section outlines the methodology employed in
developing the PCA-based deep learning models for Heart
Failure prediction in healthcare. The methodology comprises
several stages, including data collection, preprocessing, feature
extraction using PCA, and model development.
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3.1 Proposed Model
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Figure 1: Proposed Architecture

The Figure 1 depicts a flowchart for predicting heart failure
using a deep learning approach. The process begins with a
heart disease dataset, which is collected from kaggle
reposistory. To preprocess the dataset for further analysis.
Principal Component Analysis (PCA) is then applied for
feature extraction, reducing the dataset's dimensionality while
retaining essential information. Next, a Deep Neural Network
(DNN) model is employed for prediction tasks. The model's
performance is evaluated to ensure its accuracy and
reliability. Finally, the system predicts heart failure based on
the evaluated model, marking the end of the process.

3.2 Feature Extraction using PCA

Following data preparation, we extracted features using
Principal Component Analysis (PCA). In order to minimise the
dimensionality of the supplemented dataset while
maintaining the most important features that contribute to
the variance in the data, PCA was applied. The number of
principal components retained was determined based on the
cumulative explained variance ratio, ensuring that a
significant portion of the data's variance was captured.

This transformation not only simplified the dataset but
also reduced the risk of overfitting by eliminating noise from
the original feature set. The resulting transformed features
were then utilized as input for the machine learning models,
enhancing their performance and generalization.

A popular dimensionality reduction method for
breaking down complicated datasets into a collection of
orthogonal components is Principal Component Analysis
(PCA) [22]. PCA can play a key role in lowering the feature
space in the context of heart failure prediction, improving the
effectiveness and performance of machine learning models.

3.3 Deep Neural Network

Deep learning, a subfield of machine learning, has
revolutionized the way we approach complex problems in
artificial intelligence[23]. Deep neural networks, which are
made up of several interconnected layers and are at the heart
of deep learning, are able to recognise complex patterns and
representations in unprocessed input data [23]. The structure
and operation of the human brain, where neurones are
interconnected and pick up patterns through repeated
exposure to data, served as the model for deep neural
networks [24]. An input layer, one or more hidden layers, and
an output layer make up these networks. Each layer is made
up of a group of nodes, or neurones. Deep neural networks are
powerful because they can learn hierarchical representations
of data, in which basic properties are captured by the lower
layers and then progressively put together by the deeper
layers to create more intricate and abstract representations.
Millions of people worldwide suffer from heart failure, a
complicated and potentially fatal illness that can be predicted
with deep learning. Utilizing the rich information stored in
electronic health records, deep learning models can identify
patterns and relationships that may not be readily apparent to
human experts, leading to more accurate and early detection
of heart failure risk. The deep neural netwok shown in
FigureZ2.
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Figure 2: Deep Neural Network(DNN)

The LOSS function often quantifies the DISTANCE
between two points, with the specific measurement method
tailored to the problem or dataset at hand. The choice of
distance metric depends on the nature of the data and the
context of the problem. Common Distance Metrics used for
calculating loss function is:

e Euclidean Distance
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e Manhattan Distance

e Hamming Distance

Manhattan distance was used in this piece. The total of the
absolute coordinate differences between two points is the
Manhattan distance, sometimes referred to as the L1 norm or
taxicab distance. For two points P=(x1,y1,21,... )P = (X_1,¥_1,Z_1,
..) in n-dimensional space, the Manhattan distance is given by:

n

Dl\huﬂmtt:m(P:Q:] = Z i — Yq

i=1
4. RESULTS AND DISCUSSION

This research work used kaggle reposistory
heart_failure dataset. This contains 299 instances and 13
attributes. The death_event attribute is a dependent attribute of
this prediction. To extract the important features using PCA
method. The results obtained from the experiments conducted
on the PCA-based machine learning models for morality
detection. The Artificial Neural Network classifier is used to
evaluate the risk of heart failure. We analyze the models'
performance using several metrics and talk about the
ramifications of the results.

Table I : CLASSIFIER RESULTS

L e e
CNN 60.42% 73.69%
SVM 58.30% 70.53%
RNN 59.20% 71.69%

The neural network classifier's output using the PCA
approach is displayed in the above table. To determine the
training set's maximum accuracy, we fine-tune the neural
network's parameters. After dividing the dataset in several
ways, we obtain the lowest time, which is 80%: 20% of the
dataset. The CNN, SVM, and RNN results are displayed in Table

1. After comparing these three methods, we discovered that
CNN outperforms the other classifiers in terms of accuracy.

Figure 3 displays the comparison of the classifier
findings. With the classifiers on the x-axis and the proportion
of classifier metrics on the y-axis, the graph is displayed.

Classifier Accuracy

0.74
0.72
0.7

0.68

CNN SVM RNN

Validation Accuracy

Figure 3: Comparison Results

The suggested CNN Neural Network model fared
better than other classifiers in terms of accuracy, according to
the model comparison results. Due to its ensemble nature,
which successfully caught intricate patterns in the data and is
appropriate for forecasting the risk of heart failure, the
parameterised neural network performed better than the
others, according to the comparison analysis.

5. CONCLUSION

In cardiovascular medicine, it is now crucial to
accurately predict heart failure because early intervention can
greatly improve patient outcomes and lessen the strain on
healthcare systems. In conclusion, the research presented in
this paper highlights the effectiveness of applying deep
learning technique, particularly the CNN model combined
with the Principal Componenet analysis Technique (PCA), in
detecting death morality. This model gives more accuracy
than the basic neural network model. This model is suitable
for predicting the complex datasets. This work only focusing
the accuracy of small dataset. In future research will focus on
applying real complex datasets and also consider to apply
some optimization techniques.
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