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Let’s once again look at the Fick equation to apply 
our knowledge of both cardiovascular and pulmonary 
physiology.  There is a bit of repetition here, but this 
electronic format allows us to do this with ease and 
greater education benefit.  Also, I recommend that 
you refresh your memory and understanding of the 
combined cardiovascular and pulmonary physiology 
by referring back to those Sections and Topics on a 
regular basis.  This is important as the content in 
cardiovascular physiology supports content in 
pulmonary physiology and vice-versa.  Thus, once 
you have studied each separately, there is logic in 
investing time to establish the added learning you 
might have from reading content again for the topic 
you studied first. 

 
Equation 1 presents the Fick equation, which you should now be familiar with and 
comfortable interpreting. 
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Equation 1 

Q=cardiac output; VO2=oxygen consumption; a-vO2=arterial-venous oxygen difference 

 
Figure 1, presents a systemic view of the circulation of blood in the body, and how 
blood O2 and CO2 content differ between the arterial and venous systems.  This figure is 
also beneficial in how it shows the closed loop nature of the cardiovascular system, and 
how this impacts pulmonary physiology.  For example, blood has to be circulated 
through the arterial, tissue capillary and venous systems, completing a circuit from the 
higher pressure systemic vascular system to the lower pressure venous system.  Blood 
flow from the systemic circulation returns to the right atrium, where it is eventually 
ejected from the right ventricle into the pulmonary circulatory system. 
 
As you now know, the pulmonary system is a low pressure system as it is very close to 
the heart, has tremendous vascular divergence, and both combine to lower peripheral 
vascular resistance and thereby demand less blood pressure to pump the blood at any 
given flow rate.  The lung is also regulated to vasoconstrict vs. vasodilate blood 
vessels to ensure a capacity to receive a given cardiac output (blood flow) so that 
pulmonary blood pressures remain rather stable, and far more so than for the systemic 
circulation.  For example, a typical pulmonary blood pressure is 24:12 mmHg for systolic 
and diastolic blood pressure, respectively.  These pressures do not change that much 
for exercise conditions, though in saying that, such pressures are very difficult to 
measure and have not been extensively researched in a wide range of healthy or 
diseased individuals across a wide range of exercise intensities.  For the systemic 
circulation, blood pressures can change from 120:80 mmHg to 180:82 mmHg for rest 
vs. intense exercise, respectively. 
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Figure 1. A systemic view of the differences 

between arterial and venous blood oxygen content. 

 
Figure 1. Data for a) cardiac output, b) 
whole body VO2, and c) computed a-

vO2 during incremental exercise to 
VO2max. 

 

 

Figure 2a and b present cardiac 
output, VO2 data for an incremental 
exercise test for a trained cyclist.  
Based on the Fick equation, data for 
a-vO2 diff can be calculated, and this 

is shown in Figure 2c.  Note that whole body a-vO2 diff increases abruptly during low to 
moderate exercise intensities, then remains stable through more intense exercise.  
Thus, continued increases in whole body VO2 during moderate to intense exercise is 
clearly cardiac output dependent.  Does this response also occur in the periphery?  This 
is difficult to answer, as such research cannot be done in humans.  However, there is a 
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wealth of research using animal models that clearly documents a muscle peak VO2 
dependency on blood oxygen delivery.  Furthermore, research on exercising humans 
exposed to increased blood oxygen content via red blood cell re-infusion, or plasma 
volume expansion, all cause significant increases in VO2max.  The reverse is also true.  
Decreases in blood oxygen content caused by terrestrial altitude (hypobaric hypoxia), 
altitude chambers (hypobaric hypoxia), lower inspired PO2 (normobaric hypoxia), or 
blood loss all cause graded decreases in VO2max.  Such findings have caused a 
widespread acceptance of a cardiopulmonary limitation to endurance exercise 
performance.  Unfortunately, such an endurance performance dependency on 
cardiopulmonary function is also revealed by the effectiveness of blood doping and 
erythropoietin abuse by athletes involved in elite endurance events! 
 

Glossary Words 
 
Fick equation refers to the mathematical computation and expression for blood flow 
equaling oxygen consumption divided by the pre- to post difference in blood oxygen 
content.  For whole body conditions, the variables are cardiac output (Q), whole body 

oxygen consumption (VO2), and a-vO2. 
 
systemic refers to the regions of the body distal to the heart and lungs. 
 
vascular divergence  is a progressive increase in blood vessel number, with each 
vessel having a smaller blood vessel diameter. 
 
vasoconstrict refers to the smooth muscle contraction of a blood vessel, causing a 
decrease in blood vessel diameter, and increased resistance, and therefore a reduced 
blood flow for a given cardiac output. 
 
vasodilate refers to the smooth muscle relaxation of a blood vessel, causing an 
increase in blood vessel diameter, and decreased resistance, and therefore an 
increased blood flow for a given cardiac output. 

 


