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Abstract

This article 1s dedicated to a thorough analysis of the electrophysiological
processes of the heart and the biophysical foundations of the electrocardiogram
(ECG) signal. It examines the mechanisms of generation and propagation of
electrical impulses in the cardiac muscles, their role in the formation of the ECG,
and the changes in ECG parameters under various pathological conditions. The
article discusses modern methods for processing and analyzing ECG signals, as
well as their significance in the diagnosis and monitoring of heart diseases. Based
on empirical data obtained during the study and an analysis of existing literature,
the role of cardiac electrophysiology and ECG in clinical practice is determined.
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INTRODUCTION

Heart function is one of the most important physiological processes that ensures
human life. The heart performs its pumping function through rhythmic
contraction and relaxation. These processes are directly related to the electrical
impulses generated and propagated in the heart muscles.

Cardiac electrophysiology is a field of science that studies the electrical properties
of heart cells, the functioning of ion channels, and the mechanisms of excitation
generation and conduction.

The electrocardiogram (ECG) is an important diagnostic tool that allows
recording the electrical activity of the heart from the surface of the body. The
ECG signal contains valuable information about the processes of depolarization
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and repolarization in different parts of the heart. Analyzing the ECG from a
biophysical perspective helps understand its formation mechanisms, detect
various heart diseases early, and assess the effectiveness of treatment.

In recent years, significant achievements have been made in the field of cardiac
electrophysiology and ECG signal analysis. High-precision electrophysiological
studies, digital signal processing methods, and mathematical modeling have
deepened our understanding of the heart’s electrical activity. These studies have
laid the foundation for expanding the diagnostic capabilities of the ECG in
clinical practice and developing new treatment strategies.

LITERATURE REVIEW AND METHODOLOGY

In this study, existing literature on cardiac electrophysiology and the biophysical
analysis of the ECG signal was thoroughly examined. Various sources such as
scientific articles, monographs, textbooks, and conference materials were
analyzed. During the literature review process, particular attention was given to
key topics such as the electrical properties of heart cells, theories of ECG
formation, ECG changes in various heart pathologies, ECG signal processing
methods, and the use of ECG in clinical practice.

The research methodology was based on a combination of qualitative and
quantitative analysis methods. Theoretical information obtained from existing
literature was synthesized and systematized. In addition, a dataset of clinical ECG
records was analyzed. Modern software and statistical analysis methods were
used for ECG signal processing. During the quantitative analysis, changes in key
ECG parameters (P wave duration and amplitude, PR interval, QRS complex
duration and amplitude, QT interval, ST segment, and T wave) were studied.
Statistically significant differences in ECG parameters were identified in patient
groups with various heart diseases.

ANALYSIS AND METHODOLOGY (Additional)

During the analysis, the main electrophysiological processes of the heart were
examined in detail, including the automaticity of the sinoatrial node,
atrioventricular conduction, the excitability of myocardial cells, and the
refractory period. Each component of the ECG (P wave, QRS complex, T wave)
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was associated with a specific electrophysiological process of the heart. For
example, the P wave reflects atrial depolarization, the QRS complex represents
ventricular depolarization, and the T wave corresponds to ventricular
repolarization.

In the analysis of ECG signals, both time-domain and frequency-domain methods
were applied. The time-domain analysis involved studying parameters such as the
duration, amplitude, and intervals of ECG waves. The frequency-domain analysis
made it possible to determine the spectral composition of the ECG signal and to
identify frequency components characteristic of various cardiac pathologies.

DISCUSSION AND RESULTS

The results of the study show that a deep understanding of cardiac
electrophysiology is essential for correctly interpreting the biophysical
foundations of the ECG signal. Various heart diseases lead to characteristic
changes in the ECG, which play an important role in diagnosis and differential
diagnosis.

The following table presents typical ECG changes observed in various heart
pathologies:

Table 1: ECG Changes in Various Cardiac Pathologies

‘ Name of Pathology ” Typical ECG Changes
Atrial Absence of P waves, irregular RR intervals, presence of fibrillation
Fibrillation waves
Ventricular Widened and deformed QRS complexes, rapid heart rate
Tachycardia
Myocardial ST segment elevation or depression, pathological Q waves, T wave
Infarction inversion
First-Degree AV Prolonged PR interval (> 0.20 seconds)
Block
Right Ventricular Right axis deviation, high R wave amplitude in V1-V3 leads, deep S
Hypertrophy waves in V5-V6 leads, ST segment depression and T wave inversion
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Digital processing methods of ECG signals—such as filtering, averaging, and
spectral analysis—have made it possible to improve signal quality and extract
diagnostically significant latent information. The results of statistical analysis
showed significant differences in ECG parameters among patient groups with
various heart diseases (p < 0.05).

Table 2: Mean Values ( Standard Deviation) of Selected ECG Parameters in
Healthy Individuals and Patients with Myocardial Infarction

Parameter Healthy Individuals Myocardial Infarction p-
(n=50) (n=50) value
PR Interval (ms) 160 £ 20 175 £ 25 0.03
QRS Duration <
+1 110+1
(ms) 85+10 0+15 0.001
<
Jdx0. S 0.
ST Segment (mV) 0.1 £0.05 0.8+£0.2 0.001

These results confirm that the ECG plays an important role in diagnosing heart
diseases and assessing their severity.

CONCLUSION

In conclusion, the electrophysiology of the heart and the biophysical analysis of
the ECG signal are fundamentally important for understanding cardiac function
and diagnosing cardiovascular diseases. A deep study of the electrical processes
in the heart muscles reveals the mechanisms behind ECG formation and allows
for more accurate clinical interpretation.

As identified in the study, various cardiac pathologies cause distinct changes in
the ECG. Conditions such as atrial fibrillation, ventricular tachycardia,
myocardial infarction, and conduction disorders manifest as significant
alterations in different ECG parameters. Modern digital signal processing
methods and statistical analysis help maximize the use of ECG data and enhance
diagnostic accuracy.

In clinical practice, the ECG remains a valuable tool for the early detection of
heart diseases, monitoring treatment effectiveness, and evaluating prognosis.
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Future research in cardiac electrophysiology and ECG analysis should aim to
deepen the understanding of the pathophysiological mechanisms of heart diseases
and develop new diagnostic and therapeutic approaches. Additionally, the
integration of artificial intelligence and machine learning methods into ECG

signal analysis may further expand diagnostic capabilities.
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