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Cardiac output 

Specification reference 

 3.1.2 (h) 

 5.1.5 (k) 

 Maths skill M2.2 

 Maths skill M3.1 

Learning outcomes 

After completing the worksheet you should be able to: 

 change the subject of an equation 

 translate information between graphical, numerical, and algebraic forms. 

Introduction 

The individual parts or terms in equations are all related. Sometimes you might 
know all the values of the terms except one. The equation can be re-written so that 
the unknown term can be calculated. This is called rearranging or changing the 
subject of an equation. A very useful example of this arises during the study of 
cardiac output. 

The different terms are cardiac output, stroke volume, and heart rate. The equation 
that relates them together is: 

 cardiac output = stroke volume´heart rate 

where cardiac output is the subject of the equation. Changing the subject of the 
equation means rearranging it so that heart rate can be calculated as: 

 
heart rate = 

cardiac output

stroke volume
 

Cardiac output is the volume of blood being pumped by the heart into the circulatory 
system in one minute. Usually this measurement relates specifically to the output 
from the left ventricle. It depends on the stroke volume (the volume of blood pumped 
out of the ventricle each contraction) and the heart rate. 

Heart rate may be measured quickly using pulse counts in beats per minute or by 
measuring intervals on ECG peaks. Stroke volume is harder to measure precisely 
and several methods exist. Echocardiograms may be used to measure ventricle 
volume just before and after one beat and stroke volume measured as the 
difference between the two. A simpler method is to measure systolic and diastolic 
blood pressure using a blood pressure monitor and take the difference between the 
two (pulse pressure) to be equivalent to stroke volume in cm

3
. 
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Worked example 

Question 

 

Figure 1 

The stroke volume of the ECG shown in Figure 1 is 69 cm
3
. Each small square 

represents 0.2 s. What is the cardiac output? 

Answer 

Step 1 

Find the heart rate. Begin by measuring the distance between the high peaks. Here 
it is 13.5 small squares. 

Step 2 

Convert this to time in seconds using the scale. 

13.5 × 0.2 = 2.7 s 

Step 3 

Divide to find the number of beats in one minute (60 s).  

60  2.7 = 22.2 beats per minute 

Step 4 

Transfer the numbers into the formula to find the cardiac output (CO). 

CO = 69  22.2 cm
3
 per minute 

CO = 1531.8 cm
3
 per minute 

Step 5 

Convert to dm
-3

 per minute by dividing by 1000. 

1531.8 ÷ 1000 = 1.53 dm
-3

 per minute (1.53 dm
-3

 min
-1

) 
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Questions 

1 For each equation, rearrange to make A the subject. 

a C = B – A (1 mark) 

b P + Q = A × B (1 mark) 

2 An individual at rest had a stroke volume of 75 cm
3
 and a heart rate of 60 beats 

per minute. 

a Calculate the cardiac output in dm
-3

 min
-1

. (1 mark) 

b Calculate the cardiac output when the same individual exercises with a 
stroke volume of 98 cm

3
 and a heart rate of 103 beats per minute. (1 mark) 

c What is the percentage increase in cardiac output? (2 marks) 

3 Figure 2 shows the ECG of a healthy person at rest. 

  

 Figure 2 

a What is the heart rate of the person? (1 mark) 

b If the stroke volume of the person is 80 cm
3
, what is the cardiac output in 

litres per minute? (1 mark) 

c What would the heart rate of the person be if their CO rose to 9.6 dm
-3

 min
-1

 
and their stroke volume increased by 50%? (2 marks) 

4 Figure 3 shows the ECG of a person at rest. The same person measured their 
blood pressure with a portable meter and found it to be 123 / 82 mmHg. 

 

  Figure 3 

 

a Use the graph to find the person's heart rate. (1 mark) 

b Use the following formula to estimate the person's stroke volume  

 systolic pressure – diastolic pressure = pulse pressure  

Assume that pulse pressure = stroke volume in cm
3
. (1 mark) 

c Calculate the cardiac output for this person. (1 mark) 
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d When exercising, the person's heart rate rose to 105 beats per minute. What 
would be the percentage increase in stroke volume required to give them a 
cardiac output of 5.6 dm

-3
 min

-1
? (2 marks) 

During a period of exercise the oxygen demand increased. It was necessary for the 
blood to deliver 10 cm

3
 of oxygen per minute per 100 g of respiring skeletal muscle. 

 Oxygenated blood carries 20 cm
3
 of oxygen per 100 cm

3
. 

 80% of the CO is directed at skeletal muscles when exercising heavily. 

 Skeletal muscle accounts for 50% of lean body mass. 

  a Calculate the volume of blood required to deliver sufficient oxygen to the 
muscles of a person weighing 108 kg during the exercise. (2 marks) 

  b What is the required cardiac output to supply oxygen at this rate? (1 mark) 

  c If the person had a heart rate of 193 bpm during the exercise, what would 
their stroke volume have been? (1 mark) 

Maths skills links to other areas 

You will find the ability to apply and rearrange the subject of equations like this in 
several places in the specification. For example, calculation of magnifications, 
working with rates of reaction, diversity indices. 
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