CARDIAC CYCLE
The cardiac events that occur from the beginning of one heart beat to the beginning of the next are called the cardiac cycle.
Or

The cyclic repetition of the various changes in heart from beat to beat is called cardiac cycle.
Diastole and Systole: 
The cardiac cycle consists of diastole and systole.
Diastole:  A period of relaxation is called diastole during which the heart fills with blood. 
Systole: A period of contraction is called systole.
Cardiac cycle time:

The time required for one complete cardiac cycle is called cardiac cycle time. It is about 0.8 second when heart rate is 75 beats /min.

The total duration of the cardiac cycle is inversely proportional to heart rate i.e when heart rate increases, the duration of each cardiac cycle decreases.

For example, 
When heart rate is 72 beats /min, the duration of the cardiac cycle is 1 min/72 beats or   60 sec/72 beats =  0.833 second.
When heart rate is 80 beats /min, cardiac cycle time is 

60 sec/ 80 beats= 0.75 sec.
The atria function as primer pumps for the ventricles:
Blood normally flows continually from the great veins into the atria. About 80 percent of the blood flows directly through atria into the ventricles even before the atria contract. Then, atrial contraction usually causes an addi​tional 20 percent filling of the ventricles. Therefore, the atria function as primer pumps that increase the ventricu​lar pumping effectiveness as much as 20 percent. 

Events of cardiac cycle:

A.  Atrial events:

Atrial systole- 0.1 sec

Dynamic phase- 0.05 sec

Adynamic phase- 0.05 sec

Atrial diastole- 0.7 sec

B. Ventricular events:

Ventricular systole- 0.3 sec

Isometric contraction phase -0.05 sec
Maximum ejection phase- 0.11 sec
Reduced ejection phase- 0.14 sec
Ventricular diastole-0.5 sec

Protodiastolic phase - 0.04 sec
Isometric relaxation phase - 0.08 sec
First rapid filling phase -0.113 sec
Diastasis or slow filling phase -0.167 sec
        Last rapid filling phase -0.1 sec
· Changes that occur during cardiac cycle:

· Pressure changes in the ventricles, atria, aorta & pulmonary artery
· Volume changes in ventricle & atria

· Production of heart sound & apex beat

· Production of pulse & appearance of pulse wave

· Electrical change (recorded as ECG)
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Ventricular events:

A)Ventricular systole: 
i) Isovolumic (isometric) contraction phase (0.05 sec): It is the interval between the closure of A-V valve & the opening of semilunar valve. At the onset of ventricular systole, A-V valve close & produce 1st heart sound. This is called the period of isometric contraction because cardiac muscle tension increases but there is no shortening of the muscle fiber. Ventricle contracts as a closed cavity due to closure of both A-V valve & semilunar valve.  No blood passes out & no change in volume occurs. So, the left intraventricular pressure sharply rises upto 80mmHg (equal to the pressure in the aorta).
ii)Rapid ejection phase (0.11sec): The rapid ejection phase begins when the left ventricular pressure just crosses 80mmHg at the end of isovolumic contraction phase. This causes opening of aortic valve. The ventricle contracts forcefully than before. Blood flows out from the left ventricle into aorta. About 70 percent blood is ejected in this period. The left ventricular & aortic pressure rises to systolic level  i.e 120 mmHg. In this phase, ventricular pressure curve remains slightly above the aortic pressure curve. Ventricular volume falls.
iii) Reduced ejection phase (0.14 sec): Remaining 30 percent blood is ejected in this period. Here,  force of contraction is less than outflow. So, intraventricular pressure falls gradually to 80mmHg.Ventricular volume falls.

B)Ventricular diastole:
i)Protodiastolic phase (0.04 sec)
ii)Isometric relaxation phase (0.08 sec): It is the interval of time between the closure of semilunar valves & opening of A-V valves. In this phase, both valves are closed & ventricles relax as a closed cavity. No blood enters into the ventricles. The ventricular muscle continues to relax though the ventricular volume does not change. So, this period is called isovolumic or isometric relaxation. Left ventricular pressure sharply falls to 0mmHg. This phase continues until the A-V valves open. 

(Due to closure of semilunar valve, 2nd heart sound occurs.)
iii) First rapid filling phase (0.113 sec): It begins with the opening of A-V valves. Blood rushes rapidly from the atria into the ventricles and produces 3rd heart sound. Volume in ventricle rises  sharply. Here, the rate of relaxation is more than filling & left ventricular pressure remains at 0mmHg.

iv) Diastasis or slow filling phase (0.167 sec): Ventricles are no more relaxing, blood accumulates in it & pressure & volume srises  slowly.

v) Last rapid filling phase (0.1 sec): It coincides with the atrial systole. Due to atrial contraction, blood rushes into ventricle in this phase & produce 4th heart sound. Intraventricular pressure rises to 5mmHg & volume still rises.
Left ventricular pressure changes during cardiac cycle:

When aortic pressure is 120/80 mmHg (i.e BP 120/80 mmHg)
A) During ventricular systole:
i. In isometric contraction phase, ventricle contracts as a closed cavity due to closure of both A-V valve & semilunar valve.  No blood passes out & no change in volume occurs. So, intraventricular pressure sharply rises upto 80mmHg.

ii. In maximum ejection phase, since blood passes out, pressure should fall in the ventricle but the force of contraction is stronger than the outflow. So, intraventricular pressure continues to rise upto 120mmHg.
iii. In reduced ejection phase, force of contraction is less than outflow. So, intraventricular pressure falls gradually to 80mmHg.

B) During ventricular diastole:

i) In isometric relaxation phase, left ventricle relaxes as a closed cavity & left ventricular pressure sharply falls to 0mmHg. This phase continues until the A-V valves open. 

ii) In first rapid filling phase, the A-V valves open & atrial blood rushes into the ventricles. But the rate of relaxation is more than filling & left ventricular pressure remains at 0 mmHg.

iii) In diastasis or slow filling phase, ventricles are no more relaxing, blood accumulates in it & pressure slowly rises.
iv)  In last rapid filling phase, intraventricular pressure rises to 5mmHg due to rush of blood into the ventricles by atrial systole.
Volume changes in ventricle during cardiac cycle: 

A) During ventricular systole:

i)In isometric contraction phase, ventricle contracts as a closed cavity due to closure of both A-V valve & semilunar valve.  No blood passes out & volume remains same. 
ii) In ejection phase, since blood passes out, ventricular volume falls continuously.

B) During ventricular diastole:

i)In isometric relaxation phase, left ventricle relaxes as a closed cavity & volume remains same because no blood enters into ventricle.

ii)In first rapid filling phase, the A-V valves open & atrial blood rushes into the ventricles. So, volume in ventricle rises  sharply.
iii) In diastasis or slow filling phase, ventricles are no more relaxing, blood accumulates in it & volume rises slowly.
iv) In last rapid filling phase, volume still rises due to rush of blood into the ventricles by atrial systole.

Pressure changes in the atria—a, c, and v waves:
In the atrial pressure curve, there are three minor pres​sure elevations, called the a, c, and v atrial pressure waves.
· The a wave is caused by atrial contraction. The right atrial pressure increases 4 to 6 mm Hg during atrial contraction, and the left atrial pressure increases about 7 to 8 mm Hg. 

· The c wave occurs when the ventricles begin to con​tract. It is caused partly by slight backflow of blood into the atria at the onset of ventricular contraction but mainly by bulging of the A-V valves backward toward the atria because of increasing pressure in the ventricles. 

· The v wave occurs toward the end of ventricular con​traction. It results from slow flow of blood into the atria from the veins. 
Aortic pressure changes during cardiac cycle:
When the left ventricle contracts, the ventricular pressure increases rapidly until the aortic valve opens. Then, after the valve opens, the blood imme​diately flows out of the ventricle into the aorta and then into the systemic arteries. 

The entry of blood into the arteries during systole causes the walls of these arteries to stretch and the pres​sure to increase to about 120 mm Hg. 
 At the end of systole, after the left ventricle stops ejecting blood and the aortic valve closes, the elastic walls of the arteries maintain a high pressure in the arteries, even during diastole. 

An incisura occurs in the aortic pressure curve when the aortic valve closes. This is caused by a short period of backward flow of blood immediately before closure of the valve, followed by sudden cessation of the backflow. 

After the aortic valve has closed, the pressure in the aorta decreases slowly throughout diastole because the blood stored in the distended elastic arteries flows con​tinually through the peripheral vessels back to the veins. Before the ventricle contracts again, the aortic pressure usually has fallen to about 80 mm Hg (diastolic pressure), which is two thirds the maximal pressure of 120 mm Hg (systolic pressure) that occurs in the aorta during ven​tricular contraction. 

                                                      Pressure changes during cardiac cycle
	
	Period of isovolumic contraction
	Period of rapid ejection
	Period of slow ejection
	Period of isovolumic relaxation
	Period of ventricular filling

	Left ventricular pressure changes
	Left ventricular pressure sharply rises to equal the pressure in aorta (i.e. 80mmHg) & then just crosses 80mmHg.
	Left ventricular pressure sharply rises to systolic pressure i.e. 120mmHg. Here left ventricular pressure curve remains just above aortic pressure curve.
	Left ventricular pressure falls to aortic diastolic level i.e. 80mmHg. Here left ventricular pressure curve remains just below aortic pressure curve.
	Left ventricular pressure   rapidly falls to 0mmHg.
	Left ventricular pressure   ranges from 0 to 5 mmHg.

	Right ventricular pressure changes
	Right ventricular pressure sharply rises to equal the pulmonary arterial pressure (i.e. 8mmHg) & then just crosses 8mmHg.
	Right ventricular pressure sharply rises to pulmonary systolic pressure i.e. 25mmHg. Here right ventricular pressure curve remains just   above   pulmonary arterial pressure curve.
	Right ventricular pressure falls to pulmonary diastolic level i.e. 8mmHg. Here right ventricular pressure curve remains just below pulmonary arterial pressure curve. 
	Right ventricular pressure rapidly falls to 0mmHg.
	Right ventricular pressure ranges from 0 to 5 mmHg.

	Aortic pressure changes
	Aortic pressure remains at about 80mmHg.
	Aortic pressure rises to systolic pressure i.e. 120mmHg. Here aortic pressure curve remains just below left ventricular pressure curve. 
	Aortic pressure falls to diastolic level i.e. 80mmHg. Here aortic pressure curve remains just above left ventricular pressure curve. An incisura is found in aortic pressure curve at the end of this period when ventricle begins to relax.
	Aortic pressure remains at about 80mmHg.
	Aortic pressure remains at about 80mmHg.

	Pulmonary arterial pressure changes
	Remains at about 8mmHg.
	Pulmonary arterial pressure rises to systolic pressure i.e. 25mmHg. Pulmonary arterial pressure curve remains just below right ventricular pressure curve. 
	Pulmonary arterial pressure falls to diastolic level i.e. 8mmHg. Pulmonary arterial pressure curve remains just above right ventricular pressure curve. An incisura is found in pulmonary arterial    pressure curve at the end of this period when ventricle begins to relax.
	Remains at about 8mmHg.
	Remains at about 8mmHg.


