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The Cardiovascular system 
The heart 

Anatomy of the heart 
By the end of this section, you will be able to: 

• Describe the location and position of the heart within the body cavity 

• Describe the internal and external anatomy of the heart 

• Identify the tissue layers of the heart 

• Relate the structure of the heart to its function as a pump 

• Compare systemic circulation to pulmonary circulation 

• Identify the veins and arteries of the coronary circulation system 

• Trace the pathway of oxygenated and deoxygenated blood thorough the chambers 

of the heart 

The vital importance of the heart is obvious. If one assumes an average rate of 

contraction of 75 contractions per minute 

Each of the major pumping chambers of the heart ejects approximately 70 mL 

blood per contraction in a resting adult. 

Location of the Heart 

The heart is located within the thoracic cavity, medially between the lungs in the 

space known as the mediastinum.. Within the mediastinum, the heart is separated 

from the other mediastinal structures by a tough membrane known as the 

pericardium, or pericardial sac, and sits in its own space called the pericardial 

cavity. 
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  Figure  Position of the Heart in the Thorax The heart is located 

within the   thoracic cavity, medially between the lungs in the mediastinum. It is about the size of a fist, is 

broad at the top, and tapers toward the base. 

 

Chambers and Circulation through the Heart 

The human heart consists of four chambers: The left side and the right side each 

have one atrium and one ventricle. Each of the upper chambers, the right atrium 

(plural = atria) and the left atrium, acts as a receiving chamber and contracts to 

push blood into the lower chambers, the right ventricle and the left ventricle. The 

ventricles serve as the primary pumping chambers of the heart, propelling blood to 

the lungs or to the rest of the body. 

There are two distinct but linked circuits in the human circulation called the 

pulmonary and systemic circuits. Although both circuits transport blood and 

everything it carries, we can initially view the circuits from the point of view of 

gases.  The pulmonary circuit transports blood to and from the lungs, where it 

picks up oxygen and delivers carbon dioxide for exhalation. The systemic circuit 

transports oxygenated blood to virtually all of the tissues of the body and returns 

relatively deoxygenated blood and carbon dioxide to the heart to be sent back to 

the pulmonary circulation. 

Pathways of blood through the heart 
The heart acts as two pumps, side by side. The pulmonary circuit carries blood to 

and from the lungs and the systemic circuit transports blood throughout the 

remainder of the body . 

The right side of the heart receives deoxygenated blood from the body. This blood 

passes into the right atrium, through the tricuspid valve, and into the right 

ventricle. It is then pumped to the lungs via the pulmonary trunk. In contrast to 

other major arteries and veins in the body, the pulmonary artery carries oxygen 

poor blood while the pulmonary vein carries oxygen rich blood. The left side of the 

heart receives freshly oxygenated blood arriving from the lungs via the pulmonary 

vein. The blood passes from the left atrium to the left ventricle via the bicuspid 
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valve. Blood is then pumped from the left ventricle into the aorta, passing through 

the aortic valve. 

Pulmonary circulation 
The pulmonary circulation transports deoxygenated blood from the right ventricle 

to the lungs where it picks up O2 while delivering CO2. The right side of the heart 

is responsible for the pulmonary circuit. Deoxygenated blood returning from the 

body enters the right atrium and passes into the right ventricle. The right ventricle 

pumps the blood into the pulmonary artery and into the pulmonary capillaries. 

Oxygenated blood is returned to the left atrium via the pulmonary vein. 

Systemic circulation 
The systemic circulation distributes oxygenated blood throughout the body. Blood 

is pumped from the left ventricle into the aorta, and then into smaller systemic 

arteries. These arteries give rise to arterioles that lead to systemic capillaries. 

Exchange of nutrients occurs across the capillary walls. Blood enters the systemic 

venules and then into systemic veins that return the blood to the right atrium. 

 

 
 

                         Figure:  Dual System of the Human Blood Circulation. 
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Layers of the hearts 

The membrane that directly surrounds the heart and defines the pericardial cavity 

is called the pericardium or pericardial sac. It also surrounds the “roots” of the 

major vessels, or the areas of closest proximity to the heart. The pericardium, 

which literally translates as “around the heart,” consists of two distinct sublayers: 

the sturdy outer fibrous pericardium and the inner serous pericardium. The fibrous 

pericardium is made of tough, dense connective tissue that protects the heart and 

maintains its position in the thorax. The pericardial cavity, filled with lubricating 

serous fluid, lies between the epicardium and the pericardium. 

 

The wall of the heart is composed of three layers of unequal thickness. From 

superficial to deep, these are the epicardium, the myocardium, and the 

endocardium. The myocardium middle and thickest layer is the myocardium, 

made largely of cardiac muscle cells. It is built upon a framework of collagenous 

fibers, plus the blood vessels that supply the myocardium and the nerve fibers that 

help regulate the heart. It is the contraction of the myocardium that pumps blood 

through the heart and into the major arteries. 

Although the ventricles on the right and left sides pump the same amount of blood 

per contraction, the muscle of the left ventricle is much thicker and better 
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developed than that of the right ventricle. In order to overcome the high resistance 

required to pump blood into the long systemic circuit, the left ventricle must 

generate a great amount of pressure. The right ventricle does not need to generate 

as much pressure, since the pulmonary circuit is shorter and provides less 

resistance.  

 

The innermost layer of the heart wall, the endocardium, is joined to the 

myocardium with a thin layer of connective tissue. The endocardium lines the 

chambers where the blood circulates and covers the heart valves. It is made of 

simple squamous epithelium called endothelium, which is continuous with the 

endothelial lining of the blood vessels .Once regarded as a simple lining layer, 

recent evidence indicates that the endothelium of the endocardium and the 

coronary capillaries may play active roles in regulating the contraction of the 

muscle within the myocardium. The endothelium may also regulate the growth 

patterns of the cardiac muscle cells throughout life, and the endothelins it secretes 

create an environment in the surrounding tissue fluids that regulates ionic 

concentrations and states of contractility.  



LECTURES PHYSIOLOGY                             The Cardiovascular system                                             Dr.DAKHEEL 

 

http://cvet.tu.edu.iq 

6 

 

 

Chambers of the heart 

 

Right Atrium 

The right atrium serves as the receiving chamber for blood returning to the heart 

from the systemic circulation. The two major systemic veins, the superior and 

inferior venae cavae, and the large coronary vein called the coronary sinus that 

drains the heart myocardium empty into the right atrium. The superior vena cava 

drains blood from regions superior to the diaphragm: the head, neck, upper limbs, 

and the thoracic region. It empties into the superior and posterior portions of the 
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right atrium. The inferior vena cava drains blood from areas inferior to the 

diaphragm: the lower limbs and abdominopelvic region of the body. 

Right Ventricle 

The right ventricle receives blood from the right atrium through the tricuspid valve. 
When the myocardium of the ventricle contracts, pressure within the ventricular 

chamber rises. Blood, like any fluid, flows from higher pressure to lower pressure 

areas, in this case, toward the pulmonary trunk and the atrium. To prevent any 

potential backflow, the papillary muscles also contract, generating tension on the 

chordae tendineae. This prevents the flaps of the valves from being forced into the 

atria and regurgitation of the blood back into the atria during ventricular 

contraction. 

Left Atrium 

After exchange of gases in the pulmonary capillaries, blood returns to the left 

atrium high in oxygen via one of the four pulmonary veins. Most blood flows 

passively into the heart while both the atria and ventricles are relaxed, but toward 

the end of the ventricular relaxation period, the left atrium will contract, pumping 

blood into the ventricle. This atrial contraction accounts for approximately 20 

percent of ventricular filling. The opening between the left atrium and ventricle is 

guarded by the mitral valve. 

Left Ventricle 

Recall that, although both sides of the heart will pump the same amount of blood, 

the muscular layer is much thicker in the left ventricle compared to the right. The 

left ventricle is the major pumping chamber for the systemic circuit; it ejects blood 

into the aorta through the aortic semilunar valve. 

Heart Valve Structure and Function 

A transverse section through the heart slightly above the level of the 

atrioventricular septum reveals all four heart valves along the same plane . The 
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valves ensure unidirectional blood flow through the heart. Between the right atrium 

and the right ventricle is the right atrioventricular valve, or tricuspid valve. It 

typically consists of three flaps, or leaflets, made of endocardium reinforced with 

additional connective tissue. The flaps are connected by chordae tendineae to the 

papillary muscles, which control the opening and closing of the valves. 

 

Emerging from the right ventricle at the base of the pulmonary trunk is the 

pulmonary semilunar valve, or the pulmonary valve; it is also known as the 

pulmonic valve or the right semilunar valve. The pulmonary valve is comprised of 

three small flaps of endothelium reinforced with connective tissue. When the 

ventricle relaxes, the pressure differential causes blood to flow back into the 

ventricle from the pulmonary trunk. 

Located at the opening between the left atrium and left ventricle is the mitral valve, 

also called the bicuspid valve or the left atrioventricular valve. At the base of the 

aorta is the aortic semilunar valve, or the aortic valve, which prevents backflow 

from the aorta. It normally is composed of three flaps. When the ventricle relaxes 

and blood attempts to flow back into the ventricle from the aorta, blood will fill the 

cusps of the valve, causing it to close and producing an audible sound. 
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Figure :Blood Flow from the Left Atrium to the Left Ventricle (a) A transverse section through the 

heart illustrates the four heart valves. The two atrioventricular valves are open; the two semilunar 

valves are closed. The atria and vessels have been removed. (b) A frontal section through the heart 

illustrates blood flow through the mitral valve. When the mitral valve is open, it allows blood to 

move from the left atrium to the left ventricle. The aortic semilunar valve is closed to prevent 

backflow of blood from the aorta to the left ventricle. 
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Conduction System of the Heart 

The specialized heart cells of the cardiac conduction system generate and 

coordinate the transmission of electrical impulses to myocardial cells.The result is 

sequential atrioventricular contraction which provides  for the most effective flow 

of blood , thereby optimizing cardiac output. The components of the cardiac 

conduction system include the sinoatrial node, the atrioventricular node,the 

atrioventricular bundle, the atrioventricular bundle branches, and the Purkinje 

cells. 
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The conduction system 

The heart contains specialized cardiac muscle fibers that can self-generate an 

action potential, and are therefore called autorhythmic fibers. These cells do not 

require extrinsic neural input, and they can continue to generate an action potential 

even when the heart is removed from the body. These autorhythmic cells act as a 

pacemaker, establishing the basic electrical activity in the heart. 

In addition, there are specialized cardiac muscle fibers that form a conduction 

system that provides a path for electrical excitation to travel throughout the heart . 

This conduction system helps the heart pump in a coordinated manner so that 

blood can be pumped throughout the body. 

-The sinoatrial (SA) node: a primary pacemaker of the heart, located at the 

junction of the superior vena cava and the right atrium .The electrical impulses 

initiated by the SA node are conducted along the myocardial cells of the atria via 

specialized tracts called internodle pathways. The impulses cause electrical 

stimulation and subsequent contraction of the atria.  

-The impulses are then conducted to atrioventricular(AV) node The AV node 

consist of specialized muscle cells similar to those of SA node. The AV node 

coordinate the incoming electrical impulses from atria and after a slight delay 

(allowing the atria time to contract and complete ventricular filling) relays the 

impulses to the ventricles. 

-The impulse is then conducted through a bundle of specialized conduction 

cells (bundle- His ) that travel in the septum separating the left and right ventricles 

.The bundle of His divides into the right bundle branch (conducting impulses to the 

right ventricle ).The left bundle branch (conducting impulses to the left ventricle ). 

-To transmit impulses to the largest chamber of the heart, the left bundle branch 

bifurcates into the left anterior and left posterior bundle branches.  Impulses travel 

through bundle branches to reach terminal point in the conduction system called 

the purkinjie fiber this is the point at which myocardial cell at stimulated causing 

ventricular contraction. 
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Characteristics of Cardiac Conduction Cells 

-Automaticity: ability to initiate an electrical impulse. 

-Excitability: ability to respond to an electrical impulse. 

-Conductivity: ability to transmit an electrical impulse from one cell to another. 

Physiology of cardiac conduction 

-Cardiac electrical activity is result of the movement of ions (charged particles 

such as sodium, potassium and calcium) across to cell membrane. In the resting 

state cardiac muscle cells are polarized, which means an electrical difference exists 

between the negatively charged inside and the positively charged outside of the 

cell membrane. 
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- As soon as an electrical impulses is initiated, cell membrane permeability changes 

and sodium move rapidly into the cell while potassium exits the cell. This ionic 

exchange begins depolarization (electrical activation of the cell) converting the 

internal charge of the cell to a positive one. The repolarization is return of the cell 

to its resting state occurs as the cell returns to its baseline. This corresponds to 

relaxation of myocardial muscle. 

- After the rapid influx of sodium into the cell during depolarization the permeability 

of cell membrane to calcium is changed calcium enters the cell and is released from 

intracellular calcium stores  The increase in calcium, which occurs during plateau 

phase of repolarization  is much slower than that of sodium and continuous for a 

longer period. 

- There are two phases of refractory period referred to as the: 

 1-   absolute refractory period.   2- relative refractory period. 

1-The absolute refractory period is the time during which the heart cannot be 

restimulated to contract regardless of strength of electrical stimulus. This period 

corresponds with depolarization and the early part of repolarization.  

2-During the latter part of repolarization , if the electrical stimulus is stronger than 

normal the myocardium can be stimulated to contract.  This short period at the end 

of repolarization is called the relative refractory period. 
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EELECTROCARDIOGRAPHY ((ECG) 

 the recording of electrical activities of the heart via electrodes placed on body 

surface. 

P wave:       atrial depolarization 

QRS complex:       ventricular depolarization 

T wave:      ventricular repolarization 

There are five prominent points on the ECG: the P wave, the QRS complex, and 

the T wave. The small P wave represents the depolarization of the atria. The atria 

begin contracting approximately 25 ms after the start of the P wave. The large QRS 

complex represents the depolarization of the ventricles, which requires a much  

stronger electrical signal because of the larger size of the ventricular cardiac 

muscle. The ventricles begin to contract as the QRS reaches the peak of the R 

wave. Lastly, the T wave represents the repolarization of the ventricles. The 

repolarization of the atria occurs during the QRS complex, which masks it on an 

ECG. 
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The cardiac cycle  

is the sequence of events that occurs in one complete beat of the heart.  
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-The pumping phase of the cycle, also known as systole, occurs when heart muscle 

contracts.  

-The filling phase, which is known as diastole, occurs when heart muscle relaxes. 

- At the beginning of the cardiac cycle, both atria and ventricles are in diastole. 

-During this time, all the chambers of the heart are relaxed and receive blood.  

-The atrioventricular valves are open.  

-Atrial systole follows this phase.  

-During atrial systole, the left and right atria contract at the same time and push 

blood into the left and right ventricles, respectively. 

-The next phase is ventricular systole. 

-During ventricular systole, the left and right ventricles contract at the same time 

and pump blood into the aorta and pulmonary trunk, respectively.  

-In ventricular systole, the atria are relaxed and receive blood.  

-The atrioventricular valves close immediately after ventricular systole begins to 

stop blood going back into the atria. However, the aortic & pulmonary valves are 

open during this phase to allow the blood to flow into the aorta and pulmonary 

trunk. 

Following this phase, a the ventricles relax that is ventricular diastole occurs.  

The aortic & pulmonary valves close to stop the blood from flowing back into the 

ventricles from the aorta and pulmonary trunk. 

Heart Rate  

the number of heart beats in 1 minute.  Normal value: 60-100/min 

Stroke volume 

the volume of blood pumped out by each ventricle per each contraction. 
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Cardiac Output (CO)  

the amount of blood pumped out by each ventricle in 1 minute.   

Cardiac output = stroke volume x heart rate.  

Example:70 ml x 75 beat/min = 5,250 ml/min. 

Phases of the Cardiac Cycle: 

1-Atrial Systole and Diastole 

Contraction of the atria follows depolarization, represented by the P wave of the  

ECG. 

2-Ventricular systole 

 follows the depolarization of the ventricles and is represented by the QRS 

complex in the ECG. 

3-Ventricular Diastole 

Ventricular relaxation, or diastole, follows repolarization of the ventricles and is 

represented by the T wave of the ECG. 
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Heart Sounds: 

In a normal, healthy heart, there are only two audible heart sounds:  

-S1 and S2. S1 is the sound created by the closing of the atrioventricular valves 

during ventricular contraction and is normally described as a “lub,” or first heart 

sound.  

-The second heart sound, S2, is the sound of the closing of the semilunar valves 

during ventricular diastole and is described as a “dub”a , are audible through a 

stethoscope.  



LECTURES PHYSIOLOGY                             The Cardiovascular system                                             Dr.DAKHEEL 

 

http://cvet.tu.edu.iq 

20 

 

 

First heart sound:  

  occurs when the atrioventricular (AV) valves close at the beginning of ventricular 

contraction.   generated by the vibration of the blood and the ventricular wall. 

 

Second heart sound: 

occurs when aortic and pulmonary semilunar valves close at the beginning of 

ventricular dilation.- generated by the vibration of the blood and the aorta.-  Aortic 

valve closes slightly before pulmonary valve. 
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Heart Murmur 

- abnormal heart sound.  

- occur in valvular diseases and septal defects. 
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