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Аннотация: В этой статье рассматриваются фундаментальные принципы 

гемодинамики и физические процессы, лежащие в основе работы сердца. 

Гемодинамика изучает силы и движение потока крови в сердечно-сосудистой 

системе, подчеркивая, как сердце, как насос, генерирует и поддерживает 

циркуляцию крови. В этой статье подробно рассматривается взаимосвязь между 

давлением, объемом и скоростью потока, а также механическими свойствами 

сердца и кровеносных сосудов. В ней также рассматривается, как эти факторы 

способствуют поддержанию адекватной перфузии в организме. 

Ключевые слова: Гемодинамика, сердечная функция, кровоток, 

сердечно-сосудистая система, давление, перфузия, сердечный цикл. 

Abstract: This article explores the fundamental principles of hemodynamics 

and the physical processes underlying the heart's function. Hemodynamics studies the 

forces and motion of blood flow within the cardiovascular system, emphasizing how 

the heart, as a pump, generates and maintains blood circulation. This paper delves into 

the relationship between pressure, volume, and flow rates, as well as the mechanical 

properties of the heart and blood vessels. It also addresses how these factors contribute 

to maintaining adequate perfusion in the body. 

Keywords: Hemodynamics, heart function, blood flow, cardiovascular system, 

pressure, perfusion, cardiac cycle. 

INTRODUCTION 

Hemodynamics refers to the study of the dynamics of blood flow, encompassing 

the forces involved in circulation through the cardiovascular system. The human heart, 

a powerful muscular pump, drives blood through a closed-loop vascular system, 

providing vital oxygen and nutrients to tissues while removing waste products. 

Understanding the physical principles of heart function is essential for diagnosing and 

treating cardiovascular diseases, which remain leading causes of morbidity and 

mortality worldwide. 
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The heart operates on mechanical and hydraulic principles, ensuring blood flow 

according to the body's needs. The focus of this article is to elucidate the physical 

foundations that underlie the heart's function and the importance of hemodynamics in 

maintaining circulatory efficiency. 

LITERATURE ANALYSIS AND METHODOLOGY 

The study of hemodynamics has its roots in early works by scientists such as 

William Harvey, who discovered the circulatory system, and Stephen Hales, who first 

measured blood pressure. Modern advancements in medical imaging, fluid dynamics, 

and computational modeling have significantly enhanced the understanding of blood 

flow dynamics. Research shows that variables such as blood pressure, flow velocity, 

vessel diameter, and blood viscosity are crucial in determining the efficiency of 

circulation. Moreover, dysfunction in these parameters often leads to cardiovascular 

disorders such as hypertension, heart failure, and atherosclerosis. 

This article utilizes a synthesis of theoretical models of hemodynamics, focusing 

on equations of fluid flow, cardiac mechanics, and vascular resistance. We analyze the 

fundamental physical laws, including Newton's laws of motion, Bernoulli’s principle, 

and Poiseuille’s law, as applied to the cardiovascular system. Data from previous 

studies on the cardiac cycle, pressure-volume relationships, and vascular resistance 

were reviewed to understand how these laws influence blood flow in various 

physiological states. 

RESULTS 

Hemodynamics is the study of blood flow within the circulatory system, focusing 

on the physical principles governing the movement of blood through the heart and 

blood vessels. It is influenced by factors such as blood pressure, resistance, and flow 

dynamics. The physical foundations of heart function are based on fluid dynamics, 

pressure gradients, and the mechanical properties of the heart and blood vessels. 

 

Key Physical Principles of Heart Function: 

Pressure-Flow Relationship – Blood moves due to pressure differences created 

by the heart's contraction and relaxation. 

Poiseuille’s Law – Describes how blood flow is related to vessel radius, 

viscosity, and pressure gradient. 

Bernoulli’s Principle – Explains the relationship between velocity and pressure 

in moving blood. 
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Laplace’s Law – Determines the wall tension in the heart and blood vessels 

based on pressure and radius. 

Compliance & Elasticity – The ability of arteries and veins to stretch and recoil 

affects circulation. 

1. Pressure and Flow Relationships: 

In the cardiovascular system, blood flow is driven by pressure gradients created 

by the heart's contractions. The pressure within large arteries, such as the aorta, is 

significantly higher than in veins. This pressure differential ensures that blood moves 

unidirectionally from areas of high pressure to low pressure, governed by the equation: 

Q=ΔP/R 

where Q is blood flow, ΔP is the pressure difference, and R is the resistance to 

flow. Blood vessel resistance is primarily influenced by vessel diameter, length, and 

blood viscosity, with Poiseuille’s law describing these relationships. 

2. Cardiac Output: 

Cardiac output (CO), the volume of blood the heart pumps per minute, is 

determined by heart rate (HR) and stroke volume (SV): 

CO=HR×SV 

The heart must adjust cardiac output to meet the metabolic demands of the body. 

Hemodynamic studies have shown that CO is influenced by factors such as preload 

(ventricular filling), afterload (resistance the heart must overcome to eject blood), and 

contractility (the strength of ventricular contraction). 

3. The Cardiac Cycle: 

The heart functions cyclically, alternating between systole (contraction) and 

diastole (relaxation). During systole, the ventricles contract, ejecting blood into the 

aorta and pulmonary arteries, while during diastole, the heart relaxes and refills with 

blood. The pressure-volume relationship within the ventricles can be described by the 

pressure-volume loop, which provides insight into the heart’s workload and efficiency. 

4. Vascular Resistance: 

Vascular resistance is a critical component of blood flow regulation, primarily 

determined by the radius of arterioles. Small changes in vessel diameter can cause large 

changes in resistance and, consequently, blood flow. According to Poiseuille's law: 

R=8ηL/πr4  
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where η is blood viscosity, L is the length of the vessel, and r is the radius of the 

vessel. This highlights how arteriolar constriction or dilation can significantly impact 

blood pressure and tissue perfusion. 

Table 1. Table representing some basic parameters related to hemodynamics 

and cardiac activity 

Parameter Definition Units 
Significance in 

Hemodynamics 

Heart Rate 

(HR) 

The number of 

heartbeats per minute 
beats/min 

Determines how fast 

the heart is pumping 

blood 

Stroke 

Volume (SV) 

The amount of blood 

pumped by the left 

ventricle per beat 

mL/beat 

Influences the total 

blood volume delivered 

per heartbeat 

Cardiac 

Output (CO) 

The total volume of 

blood the heart pumps 

per minute 

L/min 

CO = HR × SV; 

defines overall blood 

flow through the system 

Blood 

Pressure (BP) 

The force exerted by 

circulating blood on the 

walls of blood vessels 

mmHg 

A measure of 

circulatory health, 

driving force for blood 

flow 

Vascular 

Resistance (R) 

The resistance to 

blood flow within blood 

vessels 

mmHg·min/L 

Influences how hard 

the heart needs to work 

to maintain flow 

Blood Flow 

(Q) 

The volume of blood 

moving through a vessel 

or organ per minute 

L/min 
Determines tissue 

perfusion 

Preload 

The end-diastolic 

volume that stretches 

the ventricles before 

contraction 

mL 

Affects the strength of 

contraction (Frank-

Starling mechanism) 
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Parameter Definition Units 
Significance in 

Hemodynamics 

Afterload 

The pressure the 

heart must work against 

to eject blood during 

systole 

mmHg 

Higher afterload 

means the heart has to 

work harder to pump 

Description: 

1. Heart Rate (HR): Measures how many times the heart beats in a minute. 

A faster heart rate increases the amount of blood pumped throughout the body but may 

reduce the efficiency of filling (preload) if too high. 

2. Stroke Volume (SV): This refers to the amount of blood pumped out by 

a single contraction of the left ventricle. Higher stroke volume indicates a more forceful 

contraction, allowing more blood to circulate per beat. 

3. Cardiac Output (CO): The total volume of blood pumped by the heart in 

one minute. It's a crucial metric for understanding how well the heart supplies 

oxygenated blood to the body. It is calculated by multiplying heart rate and stroke 

volume. 

4. Blood Pressure (BP): Represents the force exerted by blood against the 

walls of arteries. Systolic pressure occurs when the heart contracts, while diastolic 

pressure is the pressure in arteries when the heart is at rest. Maintaining appropriate 

blood pressure is critical for effective blood circulation. 

5. Vascular Resistance (R): Describes the resistance offered by blood 

vessels to the flow of blood. It is influenced by the diameter of the vessels and is 

inversely related to blood flow. Narrower vessels increase resistance and pressure, 

making it harder for the heart to pump. 

6. Blood Flow (Q): The actual volume of blood that travels through a vessel 

or organ. Adequate blood flow is essential for supplying organs with nutrients and 

oxygen. 

7. Preload: Refers to the volume of blood that fills the ventricles at the end 

of diastole (before contraction). It affects the heart’s stroke volume by determining 

how much the cardiac muscle is stretched. 

8. Afterload: This parameter refers to the force or resistance the heart has to 

overcome to pump blood. Higher afterload (due to higher blood pressure or narrower 

arteries) increases the heart’s workload. 
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This table summarizes key aspects of how the heart functions and the dynamics 

involved in blood circulation. Understanding these parameters is essential for assessing 

cardiovascular health and diagnosing conditions like hypertension, heart failure, or 

other circulatory system disorders. 

The artificial circulatory system, often called a heart-lung machine or 

extracorporeal circulation, is a device that temporarily takes over the function of the 

heart and lungs during surgeries, particularly open-heart surgery. It maintains blood 

circulation and oxygenation in the body while the heart is stopped for surgical 

procedures. 

Principle of Operation: 

1. Blood Removal: First, the machine receives deoxygenated blood (blood 

low in oxygen) from the patient’s body. This blood is usually drained from large veins, 

like the superior or inferior vena cava, and redirected into the machine. 

2. Oxygenation (Acting as Lungs): The core function of the lungs is to add 

oxygen to the blood and remove carbon dioxide. The heart-lung machine performs this 

through a component called the oxygenator. 

o Inside the oxygenator, blood flows past a membrane or through a network 

of fine tubes where oxygen is added, and carbon dioxide is removed, much like how 

gas exchange happens in the lungs. 

3. Pumping (Acting as the Heart): After oxygenation, the machine pumps 

the now oxygen-rich blood back into the patient’s arterial system. This function mimics 

the pumping action of the heart, ensuring that the organs and tissues receive the 

necessary oxygen and nutrients to function properly during the surgery. 

4. Maintaining Blood Flow and Pressure: The machine regulates the rate 

of blood flow and pressure to mimic the body’s natural circulatory system. This 

ensures that even while the heart is temporarily stopped, blood continues to flow 

throughout the body at an appropriate pressure to prevent damage to tissues and organs. 

5. Temperature Control: Many heart-lung machines are also equipped with 

a heat exchanger, which can cool or warm the blood as needed. Cooling the body during 

surgery can reduce the metabolic rate and protect organs, especially the brain, from 

damage during periods of reduced blood flow. 

Key Components: 

• Cannulas: Tubes inserted into large blood vessels that transport blood to 

and from the machine. 
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• Oxygenator: A device that oxygenates blood and removes carbon 

dioxide. 

• Pump: Mimics the heart's pumping function, pushing oxygenated blood 

through the body. 

• Heat Exchanger: Controls blood temperature to regulate the patient’s 

body temperature during surgery. 

Simplified Example: 

Think of the artificial circulatory system like a water filtration system with a 

pump. Blood enters the machine like dirty water enters a filter. The oxygenator cleans 

the blood by adding oxygen (like filtering the water) and removing carbon dioxide (like 

removing impurities). Then, the pump pushes the clean (oxygenated) blood back into 

the body, just like a water pump moves clean water back into a system. 

When is it Used? 

The artificial circulatory system is most commonly used in open-heart 

surgeries, such as coronary artery bypass grafting (CABG) or heart valve repairs. It 

allows surgeons to stop the heart and work on it directly while ensuring the rest of the 

body continues to receive oxygenated blood. 

By understanding this principle, medical students can appreciate how life-saving 

surgeries are possible with the help of artificial circulation, ensuring that blood flow 

and oxygen delivery continue uninterrupted even when the heart is temporarily 

stopped. 
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Figure 1. Cardiopulmonary bypass machine. 

 

CONCLUSION 

Understanding the physical principles of hemodynamics is essential for 

comprehending the heart’s function and the regulation of blood flow throughout the 

body. The relationship between pressure, flow, and resistance forms the basis of 

cardiovascular physiology. Hemodynamics reveals how the heart, through the cardiac 

cycle, maintains systemic circulation, while vascular resistance plays a pivotal role in 

controlling blood distribution. Insights from hemodynamics not only enhance our 

knowledge of normal cardiovascular function but also help us develop effective 

treatments for pathological conditions such as hypertension and heart failure. 
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