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Abstract 

Cardiovascular diseases remain the leading cause of death worldwide, representing a major 

public health challenge. This article provides an in-depth overview of the physiological 

functions of the heart and their pathological alterations. Modern diagnostic opportunities, 

including electrocardiography, echocardiography, magnetic resonance imaging, biomarkers, 

and the application of artificial intelligence technologies in clinical practice, are discussed. 

The findings highlight the significance of studying cardiac function in detail for early 

diagnosis, prevention of severe outcomes, and improvement of treatment effectiveness. 
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Introduction 

The heart is a vital organ that serves as the central driver of blood circulation, ensuring 

adequate oxygen and nutrient supply to tissues and organs. Cardiovascular diseases account 

for approximately 31% of global mortality, making them the most significant burden on 

healthcare systems (WHO, 2023). The basis of these conditions lies in pathological alterations 

of normal cardiac functions. Therefore, an in-depth scientific understanding of heart 

physiology and pathology, as well as the expansion of diagnostic opportunities and innovative 

approaches in medical practice, is of great importance. 

 

Aim and Objectives 

The aim of this article is to analyze the physiological functions of the heart and their 

pathological alterations, to evaluate the clinical significance of modern diagnostic tools and 

technologies, and to emphasize their role in early detection and effective treatment of 

cardiovascular diseases. 

 

Materials and Methods 

This study is based on the analysis of international scientific literature, clinical observations, 

analytical reviews, and current diagnostic techniques. Cardiac function was evaluated through 
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electrocardiography (ECG), echocardiography, cardiac magnetic resonance imaging (MRI), 

computed tomographic angiography (CTA), radionuclide diagnostic methods, as well as 

cardiac biomarkers (troponins, natriuretic peptides). In addition, the perspectives of artificial 

intelligence and machine learning algorithms in diagnostics were reviewed. 

 

Main Body: Theoretical Foundations and Discussion 

Physiological Functions of the Heart 

The heart, consisting of four chambers, maintains continuous circulation of blood. Its primary 

functions include: 

- Pumping function: contraction of the myocardium ensures continuous blood flow into arterial 

and venous systems. 

- Electrical activity: conduction of impulses through the sinoatrial node, atrioventricular node, 

and His-Purkinje system ensures rhythmic contractions. 

- Automatism: the intrinsic ability of the heart to generate electrical impulses. 

- Hemodynamic stability: regulation of cardiac output and systemic vascular resistance to 

maintain arterial pressure. 

 

Pathological Alterations 

Disruptions in physiological processes result in various pathologies. Reduced myocardial 

contractility leads to heart failure, while disturbances in electrical activity cause arrhythmias. 

Impaired coronary circulation results in ischemic heart disease. These alterations negatively 

affect quality of life and life expectancy. 

 

Modern Diagnostic Opportunities 

Along with classical diagnostic methods, recent years have witnessed the introduction of high-

precision technologies. Cardiac MRI and CTA allow detailed imaging of cardiac structures 

and coronary arteries. Biomarkers enable early detection of myocardial injury. Furthermore, 

artificial intelligence technologies show promising results in automatic analysis of ECG and 

MRI data, contributing to personalized treatment strategies. 

 

Results 

The analysis revealed that pathological alterations of the heart’s physiological functions play 

a central role in the onset and progression of major cardiovascular diseases. Myocardial 

contractility impairments are consistently associated with the development of chronic heart 

failure, which manifests as decreased cardiac output and impaired systemic perfusion. 

Electrical disturbances, including sinoatrial node dysfunction, atrioventricular conduction 

delays, and ventricular arrhythmias, were identified as major contributors to sudden cardiac 
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events. Moreover, the interplay between structural remodeling of the myocardium and 

coronary artery disease exacerbates ischemic injury, leading to progressive deterioration of 

cardiac function. 

Advanced diagnostic techniques demonstrated a high degree of sensitivity in detecting 

subclinical disease states that may not present with overt clinical symptoms. Echocardiography 

was effective in quantifying ventricular volumes, ejection fraction, and wall motion 

abnormalities, thereby allowing precise assessment of systolic and diastolic function. Cardiac 

MRI provided detailed visualization of myocardial fibrosis, infarct size, and tissue perfusion, 

which are critical for prognosis and therapeutic planning. Computed tomographic angiography 

offered a non-invasive method to evaluate coronary artery patency and plaque characteristics, 

facilitating early intervention before catastrophic ischemic events occur. 

Biomarker analysis revealed that circulating levels of cardiac troponins, B-type natriuretic 

peptide (BNP), and N-terminal pro-BNP are reliable indicators of myocardial injury and 

ventricular stress. Temporal trends in these biomarkers were observed to correlate closely with 

the severity of heart failure and risk of arrhythmic complications. Furthermore, integration of 

artificial intelligence in the evaluation of electrocardiographic and imaging data allowed for 

automated detection of subtle pathological patterns, enhancing diagnostic precision. Machine 

learning algorithms were able to predict adverse cardiovascular events by analyzing 

multidimensional datasets, including imaging parameters, biomarker profiles, and patient 

demographics, thus supporting personalized therapeutic strategies. 

The study also highlighted the interrelation between hemodynamic alterations and 

neurohormonal activation in pathological states. Elevated sympathetic activity and 

dysregulated renin-angiotensin-aldosterone system components were observed to exacerbate 

ventricular remodeling and contribute to maladaptive cardiac responses. These findings 

suggest that early recognition and modulation of these pathophysiological pathways can 

significantly improve patient outcomes. 

In summary, the results demonstrate that detailed understanding of both structural and 

functional cardiac alterations is essential for accurate risk stratification, timely diagnosis, and 

optimization of therapeutic interventions. The integration of conventional diagnostic 

modalities with advanced imaging, biomarker analysis, and artificial intelligence not only 

enhances clinical decision-making but also provides a framework for precision medicine in 

cardiology. The findings underscore the necessity of multidisciplinary approaches to the 

management of cardiovascular diseases, emphasizing prevention, early detection, and tailored 

treatment strategies to mitigate morbidity and mortality. 
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Conclusion 

A comprehensive understanding of the physiological functions of the heart and their 

pathological alterations is of paramount importance in clinical medicine. With the aid of 

modern diagnostic tools and innovative technologies, cardiovascular diseases can be detected 

at early stages, enabling timely and effective treatment strategies. The future integration of 

artificial intelligence and digital technologies will further enhance the management and 

prevention of cardiovascular conditions. 
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