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A big tip from my own education; both within the classroom and through professional 
practice, is to try to explain or understand physiology from a broader perspective.  You 
see, when you study for an exam, quiz, or assignment, most tasks require you to focus 
in on specific details of facts, explanations, or data interpretations.  While this has 
relevance to assess knowledge, the reality is that the body works collectively and 
simultaneously across multiple levels of control, as well as multiple systems of function.  
You have to learn to integrate knowledge.  If you do, you will be a stand out, your will be 
respected for this understanding, and you will make a difference in your career in 
exercise science or exercise physiology. 

 
OK, let’s try to sum all this cardiovascular physiology up to more completely understand 
cardiovascular function and regulation during exercise.  Now, if blood volume for the 
average person is 5 L, but maximal cardiac output could be 35 L/min for a highly 
endurance trained athlete, then the blood volume must be re-circulated around the body 
7 times/min at VO2max for this exceptional athlete.  This would mean that there is only a 
7-fold increase in cardiovascular capacity from rest to maximal exercise.  This doesn’t 
sound that much does it?  This small capacity is especially disturbing when compared to 
the physiological range of VO2, which can increase from 0.25 L/min to in excess of 6 
L/min in an endurance trained athlete; a 24 fold increase! 
 
The difference between these two capacities is explained by the ability of the 
cardiovascular system to prioritize blood flow, as a proportion of the cardiac output, to 
specific tissues under specific conditions.  For example, after a meal, there is 
preferential blood flow to the stomach and intestinal tract.  When we are hot there is 
increased blood flow to the skin to aid in heat dissipation via the evaporation of sweat.  
When we exercise, there is increased blood flow to the working muscles to improve 
oxygen delivery and waste removal.  If you think about it, this tissue specific 
cardiovascular regulation is essential, especially during exercise.  If this was not the 
case, then the increased cardiac output from exercise would also increase blood flow to 
all tissues of the body, such as the brain, kidneys, liver, skin, gut, etc.  This would be a 
waste of a large proportion of the cardiac output and blood oxygen content, and could 
even damage the microvasculature of these tissues. 
 
Figure 1 presents a comparison between the proportion of the cardiac output that 
perfuses working muscle at rest and during intense exercise.  In addition, data for the 
same conditions are provided for the brain, kidneys, splanchnic region and skin.  The 
cause of this dramatic tissue specific difference in blood flow regulation comprise 
hormones, neural innervation, and local mediators that collectively regulate the smooth 
tone surrounding the arterioles, capillaries and venules of these tissues.  Interestingly, 
note the blood flow response of the skin.  There is a marked decrease in skin blood flow 
during intense exercise, as presumably, the increased catecholamine concentrations in 
blood are now sufficient to cause smooth muscle contraction and vasoconstriction of the 
arterioles feeding the skin capillary circulation. This response has profound concerns for 
heat dissipation during intense exercise, and will be discussed further in the section on 
Exercise and Thermal Stress. 
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Figure 1. Comparison between the proportion of the 
cardiac output that perfuse different tissues of the 

body at rest and during intense exercise. 

Table 1 summarizes the neural 
regulation of cardiovascular tissues.  
Note that for vascular smooth 
muscle, the type of receptors to the 
catecholamines will designate 
whether the smooth muscle will 
contract or relax, causing 
vasoconstriction or vasodilation, 
respectively.  Remember that local 
mediators of blood flow released 
into the blood within the tissue, such 
as increased temperature, 
decreased pH, increased 
potassium, increased PCO2, 
increased adenosine, etc, will also 
influence smooth muscle tone and 
sometimes override neural control. 
 
The overall result of this 
cardiovascular regulation for 
skeletal muscle blood flow during 
exercise is to optimize oxygen 
delivery to metabolic demand.  
Consequently, the 7 fold maximal 
capacity of the cardiovascular 
system can now be dramatically 
increased at a local tissue level, 
where blood flow to working skeletal 
muscle can increase more than 100-
fold compared to rest. 

 
Table 1. Summary of the neuro-endocrinological stimulation of cardiovascular smooth and 
cardiac muscle. 

Circulatory 
Component 

Sympathetic Regulation Parasympathetic 
Regulation 

SA Node 1, 2: increased rate of 
depolarization 

M2: decreased rate of 
depolarization 

Myocardium 1, 2: increased 
contractility 

M2: decreased contractility 

AV Node 1: increased rate of 
conduction 

M2: decreased rate of 
conduction 

Vascular smooth 
muscle 

M3: Contracts 

: Contracts 

2: Relaxes 
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Is there a limit to blood flow delivery to working muscle?  Research has shown that the 
answer is a clear, yes.  Research that has quantified muscle blood flow during exercise 
has shown that highest muscle blood flows (mL/min/g) occur for small muscle exercise.  
This maximal muscle blood flow value has been recorded to be approximately 250 – 
300 mL/min/g.  As the muscle mass exercised increases, there can become a muscle 
mass where for a given person the body cannot sustain maximal blood flow to all this 
working muscle.  Remember that there are other organs that require constant blood 
flow, and the body must maintain enough blood volume in the venous system to support 
high venous return to sustain high end diastolic volumes, stroke volumes, and cardiac 
outputs, as well as maintain sufficient blood pressure.  Thus, within an increasing 
exercised muscle mass, the peak muscle blood flow of the muscles is not attainable, 
which clearly shows a cardiovascular supply limitation of blood and oxygen to working 
muscle.  It remains unclear as to how much of this limitation is central (cardiac output) 
vs. peripheral (blood flow redistribution).  The best practical relevance I can give you for 
this concern is the greater fatigue you feel when performing large muscle mass and 
multiple muscle group whole body exercise, such as cross country skiing, vs. exercise 
involving a smaller muscle mass, such as cycling.  Less trained individuals have a more 
difficult time with large mass and multiple muscle group exercise than smaller muscle 
mass exercise, as it places a far greater strain on cardiovascular function. 
 
A classic research model for this inquiry has been combined arm ergometry and leg 
cycle ergometry (Video 1).  Adding a known arm exercise VO2 to incremental leg 
exercise doesn’t increase VO2 to the expected extent, even when accounting for resting 
metabolic rate, the VO2 cost of ventilation, or postural VO2.  Such research shows that 
leg blood flow actually decreases when arm exercise is added to total work output.  The 
human cardiovascular system simply does not have a large enough capacity to 
maximally perfuse a large exercising muscle mass. 
 
 

Glossary Words 
 
muscle blood flow is the blood flow to skeletal muscle. 
 

 
 


