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Cardiac Output

❑Cardiac Output: (CO ) is the volume of blood ejected from the 

left ventricle (or the right ventricle) into the aorta (or pulmonary 

trunk) each minute. It is also called minute volume.

✓ In adults, CO is about 5-6 liters/ minute.

✓ Cardiac output/one square meter of the body surface area is 

called cardiac index which is normally about 3.2 liters/ min/sq. 

meter.

✓ Normally, the output of both ventricles is equal. i.e the output 

of the right ventricle into the pulmonary circulation equals the 

output of the left ventricle into the systemic circulation.



Cardiac Output

❑ Cardiac Output is calculated as follows:

CO = Heart rate  (HR) X Stroke volume (SV)

✓ Heart rate is the number of heart beats per minute.

✓ Stroke volume is the volume of blood pumped by each ventricle per 

beat. 



Cardiac Output

❑ In a typical resting adult male, HR is normally about 75beat/ 

minute, and SV is normally about 70 ml/ beat.

✓ Thus, average cardiac output is:

CO (ml/min) = HR (75 beats/min) x SV (70 ml/beat)

CO = 5250 ml/min (5.25 L/min)

❑This volume is close to the total blood volume, which is about 5 

liters in a typical adult male. Thus, your entire blood volume 

flows through your pulmonary and systemic circulations each 

minute.



Cardiac Reserve

 Factors that increase stroke volume or heart rate normally 

increase CO. 

 During mild exercise, for example, stroke volume may increase to 

100 mL/beat, and heart rate to 100 beats/min. Cardiac output then 

would be 10 L/min. 

❑During intense (but still not maximal) exercise, the heart rate may 

accelerate to 150 beats/ min, and stroke volume may rise to 130 

mL/beat, resulting in a cardiac output of 19.5 L/min.

❑Cardiac reserve is the difference between a person’s maximum 

cardiac output and cardiac output at rest. 



Cardiac Reserve

❑The average person has a cardiac reserve of four or five 

times the resting value.

❑Top endurance athletes may have a cardiac reserve seven or 

eight times their resting CO. 

❑People with severe heart disease may have little or no 

cardiac reserve, which limits their ability to carry out even 

the simple tasks of daily living.



Regulation of cardiac output 

❑To increase cardiac output:

1. Increase stroke volume

2. Increase heart rate

3. increase both



Cardiac Output



Regulation of Stroke Volume

✓SV = end diastolic volume (EDV) minus end systolic 

volume (ESV)

✓EDV = amount of blood collected in a ventricle during 

diastole

✓ESV = amount of blood remaining in a ventricle after 

contraction

❑At rest, the stroke volume is 50–60% of the end diastolic 

volume because 40–50% of the blood remains in the 

ventricles after each contraction (end-systolic volume).



Factors Affecting Stroke Volume

❑Three factors regulate stroke volume and ensure that the 

left and right ventricles pump equal volumes of blood: 

1. Preload – the degree of stretch on the heart before it 

contracts and this is affected by venous return.

2. Contractility – the forcefulness of contraction of 

individual ventricular muscle fibers

3. Afterload – the pressure that must be exceeded before 

ejection of blood from the ventricles can occur 

(resistance against which blood is ejected )and this is 

affected by arterial BP.



Factors Affecting Stroke Volume



1. Preload: Effect of Stretching

 A greater preload (stretch) on cardiac muscle fibers prior to 

contraction increases their force of contraction.

 Within limits, the more the heart fills with blood during diastole, 

the greater the force of contraction during systole.

 This relationship is known as the Frank–Starling law of the 

heart.

 The preload is proportional to the end-diastolic volume (EDV); 

the greater the EDV, the more forceful the next contraction

 EDV             Preload             force of contraction



Frank-Starling Law of the Heart

❑Two key factors determine EDV: 

✓ (1) The duration of ventricular diastole:

✓When heart rate increases, the duration of diastole is shorter. Less 

filling time means a smaller EDV, and the ventricles may contract 

before they are adequately filled. 

✓ (2) Venous return, the volume of blood returning to the right 

ventricle. 

✓When venous return increases, a greater volume of blood flows into 

the ventricles, and the EDV is increased.

✓Blood loss decrease venous return and thus decrease EDV and SV



Frank-Starling Law of the Heart

❑The Frank–Starling law of the heart equalizes the output of the 

right and left ventricles and keeps the same volume of blood 

flowing to both the systemic and pulmonary circulations. 

❑ If the left side of the heart pumps a little more blood than the right 

side, the volume of blood returning to the right ventricle (venous 

return) increases. The increased EDV causes the right ventricle to 

contract more forcefully on the next beat, bringing the two sides 

back into balance.



2. Contractility

❑The second factor that influences stroke volume is myocardial 

contractility, the strength of contraction at any given preload.

✓ Positive inotropic agents: Substances that increase contractility 

✓ Negative inotropic agents: Substances that decrease contractility

❑Positive inotropic agents often promote Ca2 inflow during 

cardiac action potentials, which strengthens the force of the next 

contraction. 

❑Negative inotropic agents such as Calcium channel blockers 

reduce Ca2 inflow during cardiac action potentials, thereby 

decreasing the strength of the heartbeat.



Factors Influencing contractility

❑Increase in contractility comes from:

1. Stimulation of the sympathetic division of the autonomic 

nervous system (ANS)

2. Hormones such as epinephrine and norepinephrine

3. Increased Ca2 level in the interstitial fluid

4. Drugs such as digitalis



Factors Influencing Contractility

❑Factors that decrease contractility include:

1. Inhibition of the sympathetic division of the ANS 

2. Acidosis

3. Some anesthetics

4. Increased K level in the interstitial fluid



3. Afterload

 Ejection of blood from the heart begins when pressure in the right 

ventricle exceeds the pressure in the pulmonary trunk (about 20 

mmHg), and when the pressure in the left ventricle exceeds the 

pressure in the aorta (about 80 mmHg).  At that point, the higher 

pressure in the ventricles causes blood to push the semilunar 

valves open. 

 The pressure that must be overcome before a semilunar valve can 

open is termed the afterload. 



3. Afterload

❑An increase in afterload causes stroke volume to decrease, so that 

more blood remains in the ventricles at the end of systole.

❑Conditions that can increase afterload include:

1. Hypertension (elevated blood pressure) 

2. Narrowing of arteries by  atherosclerosis



Ejection Fraction

❑The percentage of SV (stroke volume) to EDV (end-diastolic volume) is 

called ejection fraction (EF). Normally, it is about 60%.

✓ End diastolic volume                   = 130 ml

✓ End systolic volume                    =    60 ml

✓ Ejection volume (stroke volume) =   70 ml

✓ Ejection fraction  = 70ml/125ml  =   54% (normally 60%)

❑A left ventricular ejection fraction of 50 percent or higher is considered 

normal. An left ventricular ejection fraction of 50 percent or lower is 

considered reduced.

❑A low EF number is an early sign of heart failure. This is a condition 

where the heart does not pump enough blood to the rest of the body.
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