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Abstract

Arrhythmia classification with high precision is usually performed by cardiologists with high time consumption. Automatic arrhythmia classifiers
based on artificial intelligence algorithm can help cardiologists to obtain better precision and reduce time consuming. In this mini-review, we compare
optimization methods, machine learning methods and deep learning methods in cardiac arrhythmia classification. A high-performance classifier based
on deep learning algorithm would be a viable direction of the future research.
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Introduction

Cardiac arrhythmia is one of the most important indicators of
heart disease. As a common but poorly understood arrhythmia,
non-sustained ventricular tachycardia (NSVT) has been recorded
in a wide range of conditions, from apparently healthy individuals
to patients with significant heart disease [1]. The early prognosis
of NSVT is becoming a necessary step in heart failure research, as
it can facilitate the subsequent clinical management of patients
[2]. In the current medical routines, cardiologists’ expertise is
required for the diagnosis of life threatening cardiac arrhythmias.
The time consumption is a big challenge. Automatic arrhythmia
classifier can help cardiologists reduce the time from hours to
milliseconds. Although several automatic arrhythmia classification
methods based on artificial intelligence have been proposed, these
approaches cannot provide end-to-end process. And thus, they still
require a good number of cardiologists’ hand-on interferences.
With the recent state-of-the-art performances obtained by deep
learning methods [3,4], it is very encouraging for researchers to
implement these techniques to the field of cardiac arrhythmia
classification. In this mini-review, we introduce an automatic
classification of cardiac arrhythmias that can both provide objective
diagnostic results and save time for the cardiologists. We focus on
the deep learning based artificial intelligence and its application in
the cardiac arrhythmia. We compare existing artificial intelligence
methods and applications in cardiac arrhythmia classification to
find a viable direction of future research.

Artificial Intelligence in Cardiac

Classification

Arrhythmia

A careful investigation of the existing artificial intelligence
methods in cardiac arrhythmia reveals three major types:

Optimization methods (OP) based

The most successful optimization method used in cardiac
arrhythmia genetic
paraphrased as “survival of the fittest” [5]. There is a population
of individuals that reproduce with each other. Over time, the

classification is programming, often

individuals satisfied most conditions will survive and eventually
evolve to do well in the given environment. The capital advantage
of genetic programming is that we do not need to worry much
about explicit definitions. In Tavassoli et al. [6], fifteen features
are manually extracted from Electrocardiography (ECG) signal and
seven different types of arrhythmia classes are categorized with
an accuracy of 98.75%, 98.93%, 99.10%, 99.46%, 99.82%, 99.46%
and 99.82% respectively.

Traditional machine learning methods (ML)

Support Vector Machine (SVM) is the most common traditional
machine learning method was used to do cardiac arrhythmia
classification. SVM provides a good performance when selecting
input features and tuning parameter properly. In paper [7], one free
parameter window size and nine features coming from ECG signals
are used to train a two-class classifier, which obtain an accuracy
of 98.0%. Besides, other machine learning methods with limit
learning capacity, such as shallow Artificial Neural Network (ANN),
are used in arrhythmia classification as well.

Deep learning methods (DL)

The above-mentioned methods are traditional approaches
because carefully selected and filtered features are necessary
during the training process. On the other hand, DL methods
provide end-to-end learning capacity and thus can be applied to a
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wide range of applications. One such DL method is convolutional
neural networks (CNNs). Specifically, in DL, learning models can be
trained by raw data instead of features labeled by human [1]. In a
recent deep learning paper [4], researchers built a 34-layers CNN
to identify fourteen types of cardiac arrhythmia. An aggregated
accuracy of 80% is obtained by this deep learning model.

Table 1 shows the summarized comparison of methods from
different Al types together with performance. The input format
of each classifier, located in the forth column, indicates that
optimization method and traditional machine learning method
are trained by manually selected features. However deep learning
method can handle ECG raw data directly. In the fifth column,
arrhythmia type shows classification capability of each method.
The DL method shows its advantages in terms of higher capability
and including more complex types of arrhythmia.Lower accuracies
from deep learning method and higher accuracies from others are
listed in the last column. Figure 1 demonstrates the classification
capability from 9 different methods [4,6,7-13]. The size of each
circle corresponding to the capability of each classifier, which is
indicated by the number in circle as well. The blue, green and yellow
color represent optimization method, machine learning method
and deep learning method respectively. The largest circle with
yellow indicates that the deep learning method [7] has maximum
classification capability. The above analysis shows that the lack
of research on NSVT distinguishing ability. To better predict the
underlying he

Conclusion

The above analysis shows that the lack of research on NSVT
distinguishing ability. To better predict the underlying heart
disease, NSVT should be included in future studies.

Further, several researchers have addressed the arrhythmia
classification problem using raw data or features extracted from
ECG signal. Although the performance of deep learning model does
not surpass the traditional Al methods, it exhibits the following
advantages:

a.  Learning from raw data directly.
b.  More classes can be identified.

c.  Nostrong cardiology experience is needed.
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In conclusion, DL model has proven its capability in cardiac
arrhythmia classification. A high-performance deep learning
classifier should be developed to solve more complex problems.
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