
PHYSIOLOGIY OF THE HEART 

The heart is actually two separate pumps: a right heart that pumps blood through 

the lungs, and a left heart that pumps blood through the systemic circulation that 

provides blood flow to the other organs and tissues of the body. In turn, each of 

these hearts is a pulsatile two-chamber pump composed of an atrium and a 

ventricle. Each atrium is a weak primer pump for the ventricle, helping to move 

blood into the ventricle. The ventricles then supply the main pumping force that 

propels the blood either (1) through the pulmonary circulation by the right ventricle 

or (2) through the systemic circulation by the left ventricle. 

The cardiac events that occur from the beginning of one heartbeat to the beginning 

of the next are called the cardiac cycle. Each cycle is initiated by spontaneous gen-

eration of an action potential in the sinus node. This node is located in the superior 

lateral wall of the right atrium near the opening of the superior vena cava, and the 

action potential travels from here rapidly through both atria and then through the A-

V bundle into the ventricles. Because of this special arrangement of the conducting 

system from the atria into the ventricles, there is a delay of more than 0.1 second 

during passage of the cardiac impulse from the atria into the ventricles. This delay 

allows the atria to contract ahead of ventricular contraction, thereby pumping blood 

into the ventricles before the strong ventricular contraction begins. Thus, the atria 

act as primer pumps for the ventricles, and the ventricles in turn provide the major 

source of power for moving blood through the body’s vascular system. 

The cardiac cycle consists of a period of relaxation called diastole, during which the 

heart fills with blood, followed by a period of contraction called systole. Blood 

normally flows continually from the great veins into the atria; about 80 percent of 

the blood flows directly through the atria to the ventricle even before the atria 

contract. Then, atrial contraction usually causes an additional 20 percent filling of 

the ventricles. Therefore, the atria function as primer pumps that increase the 

ventricular pumping effectiveness as much as 20 percent. However, the heart can 

continue to operate under most conditions even without this extra 20 percent 

effectiveness because it normally has the capability of pumping 300 to 400 percent 

more blood than is required by the resting body. 

 

 

 

 



 

 

FUNCTION OF THE VENTRICLES AS PUMPS 

The Ventricles Fill With Blood During Diastole. During ventricular systole, large 

amounts of blood accumulate in the right and left atria because of the closed A-V 

valves. Therefore, as soon as systole is over and the ventricular pressures fall again 

to their low diastolic values, the moderately increased pressures that have 

developed in the atria, during ventricular systole immediately push the A-V valves 

open and allow blood to flow rapidly into the ventricles. This period is called the 

period of rapid filling of the ventricles.  

The period of rapid filling lasts for about the first third of diastole. During the middle 

third of diastole, only a small amount of blood normally flows into the ventricles; this 

is blood that continues to empty into the atria from the veins and passes through the 

atria directly into the ventricles.  

During the last third of diastole, the atria contract and give an additional thrust to 

the inflow of blood into the ventricles. This mechanism accounts for about 20 

percent of the filling of the ventricles during each heart cycle. 



 Immediately after ventricular contraction begins, the ventricular pressure rises 

abruptly, causing the A-V valves to close. Then an additional 0.02 to 0.03 second is 

required for the ventricle to build up sufficient pressure to push the semilunar 

(aortic and pulmonary) valves open against the pressures in the aorta and pulmonary 

artery. Therefore, during this period, contraction is occurring in the ventricles. 

 

End-Diastolic Volume, End-Systolic Volume, and Stroke 
Volume Output 
 
 During diastole, normal filling of the ventricles increases the volume of each 

ventricle to about 110 to 120 milliliters. This volume is called the end diastolic 

volume. Then, as the ventricles empty during systole, the volume decreases about 70 

milliliters, which is called the stroke volume output. The remaining volume in each 

ventricle, about 40 to 50 milliliters, is called the end-systolic volume. The fraction of 

the end-diastolic volume that is ejected is called the ejection fraction— usually equal 

to about 0.6 (or 60 percent). When the heart contracts strongly, the end-systolic 

volume may decrease to as little as 10 to 20 milliliters. Conversely, when large 

amounts of blood flow into the ventricles during diastole, the ventricular end-

diastolic volumes can become as great as 150 to 180 milliliters in the healthy heart. 

By both increasing the end-diastolic volume and decreasing the end-systolic volume, 

the stroke volume output can be increased to more than double than normal. 

 

THE HEART VALVES PREVENT BACKFLOW OF BLOOD 

DURING SYSTOLE  

Atrioventricular Valves. The A-V valves (i.e., the tricuspid and mitral valves) prevent 

backflow of blood from the ventricles to the atria during systole, and the semilunar 

valves (i.e., the aortic and pulmonary artery valves) prevent backflow from the aorta 

and pulmonary arteries into the ventricles during diastole. These valves, for the left 

ventricle, close and open passively. That is, they close when a backward pressure 

gradient pushes blood backward, and they open when a forward pressure gradient 

forces blood in the forward direction.  
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Mechanisms of Excitation of the Heart by the 
Sympathetic Nerves 
 
Strong sympathetic stimulation can increase the heart rate in young adult humans 

from the normal rate of 70 beats/min up to 180 to 200 and, rarely, even 250 



beats/min. Also, sympathetic stimulation increases the force of heart contraction to 

as much as double the normal rate, thereby increasing the volume of blood pumped 

and increasing the ejection pressure. Thus, sympathetic stimulation often can 

increase the maximum cardiac output as much as twofold to three fold,  Conversely, 

inhibition of the sympathetic nerves to the heart can decrease cardiac pumping to a 

moderate extent. Under normal conditions, the sympathetic nerve fibers to the 

heart discharge continuously at a slow rate that maintains pumping at about 30 

percent above that with no sympathetic stimulation. Therefore, when the activity of 

the sympathetic nervous system is depressed below normal, both the heart rate and 

strength of ventricular muscle contraction decrease, thereby decreasing the level of 

cardiac pumping as much as 30 percent below normal. 

 

Pararsympthatic (Vagal) Stimulation Reduces Heart 

Rate and Strength of Contraction. 
 Strong stimulation of the parasympathetic nerve fibers in the vagus nerves to the 

heart can stop the heartbeat for a few seconds, but then the heart usually “escapes” 

and beats at a rate of 20 to 40 beats/min as long as the parasympathetic stimulation 

continues. In addition, strong vagal stimulation can decrease the strength of heart 

muscle contraction by 20 to 30 percent.  

The vagal fibers are distributed mainly to the atria and not much to the ventricles, 

where the power contraction of the heart occurs. This distribution explains why the 

effect of vagal stimulation is mainly to decrease the heart rate rather than to 

decrease greatly the strength of heart contraction. Nevertheless, the great decrease 

in heart rate combined with a slight decrease in heart contraction strength can 

decrease ventricular pumping 50 percent or more. 

 

SINUS (SINOATRIAL) NODE 
The sinus node (also called sinoatrial node) is a small, flattened, ellipsoid strip of 

specialized cardiac muscle its located in the right atrium the sinus nodal fibers 

connect directly with the atrial muscle fibers so that any action potential that begins 

in the sinus node spreads immediately into the atrial muscle wall. fibers have the 

capability of self-excitation, a process that can cause automatic rhythmical discharge 

and contraction. This capability is especially true of the fibers of the heart’s 

specialized conducting system, including the fibers of the sinus node. For this reason, 

the sinus node ordinarily controls the rate of beat of the entire heart. 

The ends of the sinus nodal fibers connect directly with surrounding atrial muscle 

fibers. Therefore, action potentials originating in the sinus node travel outward into 

these atrial muscle fibers. In this way, the action potential spreads through the 

entire atrial muscle mass and, eventually, to the A-V node. 

 



 

 

A-V NODE 

 
The A-V node is located in the posterior wall of the right atrium immediately behind 

the tricuspid valve. the impulse, after traveling through the internodal pathways, 

reaches the A-V node about 0.03 second after its origin in the sinus node. Then there 

is a delay of another 0.09 second in the A-V node itself before the impulse enters the 

penetrating portion of the A-V bundle, where it passes into the ventricles. A final 

delay of another 0.04 second occurs mainly in this penetrating A-V bundle, which is 

composed of multiple small fascicles passing through the fibrous tissue separating 

the atria from the ventricles. 

Thus, the total delay in the A-V nodal and A-V bundle system is about 0.13 second. 

This delay, in addition to the initial conduction delay of 0.03 second from the sinus 

node to the A-V node, makes a total delay of 0.16 second before the excitatory signal 

finally reaches the contracting muscle of the ventricles. 

 

RAPID TRANSMISSION IN THE VENTRICULAR PURKINJE 

SYSTEM 
Special Purkinje fibers lead from the A-V node through the A-V bundle into the 

ventricles. Except for the initial portion of these fibers where they penetrate the A-V 

fibrous barrier, they have functional characteristics that are quite the opposite of 

those of the A-V nodal fibers. They are very large fibers, even larger than the normal 

ventricular muscle fibers, and they transmit action potentials at a velocity of 1.5 to 

4.0 m/sec, a velocity about sixtimes that in the usual ventricular muscle and 150 

times that in some of the A-V nodal fibers. This velocity allows almost instantaneous 

transmission of the cardiac impulse throughout the entire remainder of the 

ventricular muscle.  

The rapid transmission of action potentials by Purkinje fibers is believed to be caused 

by a very high level of permeability of the gap junctions at the intercalated discs 

between the successive cells that make up the Purkinje fibers. Therefore, ions are 

transmitted easily from one cell to the next, thus enhancing the velocity of 

transmission. The Purkinje fibers also have very few myofibrils, which means that 

they contract little or not at all during the course of impulse transmission. 



 
summarizes transmission of the cardiac impulse through the human heart. The 

numbers on the figure represent the intervals of time, in fractions of a second, that 

lapse between the origin of the cardiac impulse in the sinus node and its appearance 

at each respective point in the heart. Note that the impulse spreads at moderate 

velocity through the atria but is delayed more than 0.1 second in the A-V nodal 

region before appearing in the ventricular septal A-V bundle. Once it has entered this 

bundle, it spreads very rapidly through the Purkinje fibers to the entire endocardial 

surfaces of the ventricles. Then the impulse once again spreads slightly less rapidly 

through the ventricular muscle to the epicardial surfaces. 

 

Stimulation of the parasympathetic nerves to the heart (the vagi) causes the 

hormone acetylcholine to be released at the vagal endings. This hormone has two 

major effects on the heart. First, it decreases the rate of rhythm of the sinus node, 

and second, it decreases the excitability of the A-V junctional fibers between the 

atrial musculature and the A-V node, thereby slowing transmission of the cardiac 

impulse into the ventricles. 

Sympathetic stimulation causes essentially the opposite effects on the heart to those 

caused by vagal stimulation, as follows: First, it increases the rate of sinus nodal 

discharge. Second, it increases the rate of conduction, as well as the level of 

excitability in all portions of the heart. Third, it increases greatly the force of 



contraction of all the cardiac musculature. Stimulation of the sympathetic nerves 

releases the hormone norepinephrine at the sympathetic nerve endings. 

Norepinephrine in turn stimulates beta-1 adrenergic receptors, which mediate the 

effects on heart rate. 


