
Cardiovascular Hemodynamics 

1 

 

Yes, another Topic heavily invested in math is now here!  It is the 
same old explanation from your teacher though – math is 
important, and there are so many applications. This is just 
another example of how applying fundamental math and physics 
concepts to human physiology aids learning and understanding.  
For the cardiovascular system, the computational math and 
physics is due to blood being a fluid that flows through blood 
vessels, which collectively is analogous to fluid flow through 
pipes.  Thus, for the cardiovascular system of all animals, there 
are similar concepts and challenges that are confronted for 
normal physiology.  There needs to be a pump to drive the fluid 
flow and overcome resistance, and there needs to be 
appropriately designed and connected pipes to ensure minimal 
resistance to flow to prevent exceeding the capacity of the pump.  
Finally, remember that cardiovascular hemodynamics has 
relevance to pulmonary function via gas exchange. 

 
Before progressing too far in your study of cardiovascular physiology and exercise, I 
want to go over some of the physical principles that reveal main problems, or potential 
problems, that can influence cardiovascular function.  Viewing cardiovascular 
physiology from a physics perspective is a useful way of reinforcing key issues of 
cardiovascular function, and the challenges that exercise places on cardiovascular 
function.  Hydrodynamics is the term for the study of the physical principles of fluid 
flow.  When the fluid is blood, the sub-discipline pertaining to blood flow within the 
vascular system is termed hemodynamics. 
 
Due to the anatomical complexity of the cardiovascular system, most applications of 
hemodynamics to the vascular system apply the physical laws and alter interpretations 
based on known differences between the conditions of the physical law and the 
anatomy of the cardiovascular system. 
 
Poiseuille’s Law 
Poiseuille’s law applies to the laminar (non-turbulent) flow of fluid through a cylindrical 
tube (Equation 1).   
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 Equation 1 
 
Looking at Poiseuille’s law reveals some important fundamental physical principles of 
blood flow in the vascular system. 
 

1. The greater the pressure gradient, the greater the flow. 
2. The larger the vessel radius, the greater the flow. 
3. The more viscous the fluid, the lower the flow. 
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4. The longer the vessel length, the lower the flow. 
 
Which of the variables of Poiseuille’s law is the most important and why?  The answer 
has to be the vessel radius, as this variable is raised to the fourth power.  This means 
that an increase in vessel radius from 1 to 1.5 mm, a 50% increase, has a 125% 
increase on flow.  Obviously, the same relationship also applies in the reverse, 
decreased vessel radius direction.  Thus, regulation of vessel radius has a profound 
influence on each of blood flow and resistance to blood flow through the vessel (see 
Ohm’s Law). 
  
We can also re-arrange Poiseuille’s law, or alter the conditions of any component to see 
what must then occur in other variables to keep others constant.  For example, what 
would have to happen to the pressure gradient if all other variables remained constant 
and vessel radius decreased (vasoconstriction)?  Yes, the pressure gradient would 
increase.  For the body, this would mean that blood pressure would have to increase.  
What would happen to the pressure gradient if all other variables remained constant 
and flow increased?  Yes, the pressure gradient would increase.  We see this happen 
when we exercise, as systolic blood pressure increases dramatically.  Of course, it is 
difficult to apply the hemodynamics of a single straight vessel to the multiple vessels of 
the entire cardiovascular system.  However, the generality of Poiseuille’s law still 
applies.  If we increase blood flow through our cardiovascular system (increase cardiac 
output), there must be regulation of the radius of blood vessels (increased radius = 
vasodilation) to prevent excessive increases in blood pressure.  For local blood flow 
circulations where huge changes in blood flow are possible, such as through muscle or 
skin, the need to regulate blood vessel radius is even more important. 
 
Ohm’s Law 
Ohm’s law, which is based on relationships between electrical resistance, voltage 
change and current flow, can also be applied to the cardiovascular system by 
rearranging Poiseuille’s law (Equations 2 and 3). 
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 Equation 3 
 
Thus, for the human body, the pressure gradient can be translated to the difference in 
mean pressure between the arterial and central venous system, and flow would be 
cardiac output. Some physiologists also apply Ohm’s law to the arterial vascular 
system, in which case the pressure gradient is replaced by the mean arterial pressure.  
If the body’s cardiovascular system was regulated to increase the radius of too many 
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Figure 1. An illustration of in-series and in-parallel resistors applied 
to hemodynamics, along with computations of segmental and total 

resistance. 

arterioles and capillaries thereby decreasing vascular resistance, and cardiac output did 
not decrease, then what would happen to the blood pressure gradient?  Yes, it would 
have to decrease.  The real life example of this condition would be a patient taking 
nitroglycerin tablets during an episode of angina, which is pain in the heart caused by 
myocardial ischemia (insufficient blood flow).  The nitroglycerin causes vasodilation of 
blood vessels in the heart and in the periphery, serving to improve blood flow to the 
myocardium, and decreasing peripheral vascular resistance which in turn decreases 
the work of the heart and oxygen demand.  However, the side-effect of this medication 
is to induce extreme postural hypotension, so much so that the patient may have to lie 
down for an extended period of time to allow the medication and effects of the 
medication to be cleared. 
 
Another term used in both electrical and physiological applications is capacitance (g).  
Capacitance is the reciprocal of resistance (1/R = (Q / Pi-Po)), and obviously increases 
when flow increases. 
 
Resistance Circuits 
Two common resistance circuits that have application to the human circulatory system 
are in-series and in-parallel resistance circuits.  The circuit that produces the 
greatest resistance is the in-series circuit, as the total resistance is equal to the sum of 
the in-series segments (Figure 1).  This has application to the human circulatory system 
due to the in-series connections between arteries, arterioles, capillaries, venules and 
veins. 
 
In-parallel resistance 
circuits involve the 
divergence of one 
circuit into multiple 
circuits lying parallel 
to each other, which 
then converge into 
one circuit.  This 
circuit is also like 
that of the human 
circulatory system, 
as one major artery 
diverges into many 
arteries, which then 
diverges into many 
arterioles, etc, finally 
ending back into a 
major vein.  Look at 
the different 
computation for the 
in-parallel circuit 
total resistance of 
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Figure 1.  Here, the component resistances are actually now computed as the 
conductance (1/R), with total resistance now equal to the sum of each component 
conductance.  Thus, in-parallel resistance circuits dramatically decrease resistance.  
For the cardiovascular system, this means that multiple divergence of a blood vessel 
can actually decrease resistance, even when it is within an in-series arrangement.  In 
other words, the in-series feature of the human blood vessels is offset by the 
tremendous divergence of each successive component.  There are more arterioles than 
arteries, and more capillaries than arterioles.  However, this also means that there are 
more venules then veins.  Thus, to overcome return flow against gravity in the venous 
system, and also to overcome low blood flow pressure gradients, veins have valves to 
prevent back-flow of blood. 
 
Hemodynamics of the Total Cardiovascular System 
If the venous circulation has a decreasing divergence, then why doesn’t it have a much 
larger resistance and blood pressure profile?  First of all, note that the size of the 
venous circulation is much larger than that of the arterial circulation.  Also, remember 
back to the Overview Topic in this section, where it was explained to you that veins 
have greater distension than arteries, can hold more blood, and thus have a greater 
capacitance for a given pressure differential.  Of course, you can argue that this has to 
be the case or else the entire cardiovascular system would not function as it does due 
to higher venous pressures, which in turn would demand higher arterial pressures, etc. 
 
Also note that the body consists of multiple vascular beds arranged in parallel, and that 
such vascular beds occur in two general locations; where initial divergence occurs 
above the heart (head, shoulders, upper trunk and arms), or below the heart (trunk and 
legs).  Thanks to neural regulation, and hormonal regulation that is tissue specific 
thanks to tissue specific hormone receptor presence, specific vascular beds can be 
controlled somewhat independently of each other.  This is especially true for the brain, 
skin, skeletal muscle, the splanchnic region (liver, stomach, spleen, pancreas and 
intestines) and the kidneys.  The body’s cardiovascular system functions based on how 
this divergence into separately regulated vascular beds so that resistance in decreased, 
and preferential lowered resistance and increased blood flow can occur to specific 
vascular beds during specific conditions. 
 
Interestingly, the splanchnic vascular bed has multiple capillary systems (two for each 
component).   Such multiple capillary systems are referred to as portal circulations, 
and are not common within the body.  However, another portal system can be found 
within the hypothalamic pituitary axis of the brain and also the glomerulus of each 
kidney nephron. 
 
Now, although we have talked a lot about the correct function of the cardiovascular 
system, there are some flaws in this design and operation.  The heart is positioned 
close to the top of this system, and as humans mostly function in an upright erect 
posture, there is considerable gravitational resistance to blood flow back to the heart.  
The presence of one-way valves in veins assists blood flow against gravity towards the 
heart.  However, long periods of standing is a challenge to cardiovascular function and 
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can eventually result in syncope due to decreased venous return and right ventricular 
filling, end diastolic volumes and cardiac output. Thankfully, during exercise, muscles 
function as a type of pump caused by the intermittent contraction-induced increases in 
intra-muscular pressure, forcing more blood into and through the venous circulation.  
Another potential flaw of this system is the extensive reductions in vascular resistance 
that can occur when there is widespread multiple vascular bed vasodilation.  Such 
extensive vasodilation and rapid hypotension occurs in some individuals during 
invasive, and sometimes minimally invasive, medical procedures.  My most memorable 
experience with this response, called a vaso-vagal response due to the cause being 
from diffuse parasympathetic (vagus nerve) stimulation of blood vessels, was when I 
was performing skin fold measurements on a subject as a graduate student at Ball State 
University.  Simply touching the skin and pinching it mildly between the caliper arms 
was enough to induce this neural reflex response.  Note that it is a reflex because there 
is no higher order, conscious control of this response.  If it is going to happen, then no 
matter how much you try to think yourself out if it, it still happens!  My other experiences 
of vaso-vagal responses have mainly been associated with venous blood draws, 
especially when using a catheter placed inside a vein.  In subjects who experience this 
response, immediately laying them down and raising their legs to promote increased 
venous return to the heart rapidly returns consciousness. 
 

Glossary Words 
 
hydrodynamics refers to the study of the physical principles of fluid flow. 
 
hemodynamics refers to the study of the physical principles of blood flow within the 
vascular system. 
 
poiseuille’s law pertains to the laminar (non-turbulent) flow of fluid through a cylindrical 

tube, where   nlrPoPiQ 8/)( 4   

 
viscous pertains to the consistency (thick vs. runny) of a solution. 
 
vasoconstriction is the regulatory response of a blood vessel resulting in the 
narrowing of the vessel diameter. 
 
vasodilation is the regulatory response of a blood vessel resulting in the widening of 
the vessel diameter. 
 
Ohm’s law is based on relationships between electrical resistance, voltage change and 
current flow, where R = (Va – Vb)/I; R=Resistance (Ohms, Va=initial voltage, 
Vb=outward voltage, I=current flow. Ohms law can also be applied to the cardiovascular 
system by rearranging Poiseuille’s law as follows, R = (Pi – Po) / Q, where 
R=Resistance, Pi=initial pressure, Po=outward pressure, Q=Flow. 
 
mean arterial pressure is the mean of the integrated blood pressure waveform. 
 



Cardiovascular Hemodynamics 

6 

 

angina is pain caused by ischemia to the myocardium. 
 
myocardial ischemia is an acute reduction of blood flow to the myocardium. 
 
peripheral vascular resistance refers to the resistance to blood flow through the 
cardiovascular system caused by peripheral blood vessels. 
 
postural hypotension is the lower than typical blood pressure caused by postural 
adjustment, which in turn causes decreases in venous return to the heart, ventricular 
filling and cardiac output. 
 
capacitance is the reciprocal of resistance, where high capacitance vessels can accept 
large volumes of blood due to their low resistance and high expansion. 
 
in-series resistance circuits are the resistance circuits provided by changing 
(decreasing) vessel diameters connected end-to end. 
 
in-parallel resistance circuits are the relatively low resistance circuits provided by 
small diameter vessels that feed from the same larger vessel source but run parallel to 
each other. 
 
portal circulations are special circulation beds where one capillary systems drains into 
venules that then feed a second capillary bed. 
 
syncope is the short term loss of consciousness (fainting). 
 
vaso-vagal response is a neurological response to afferent nerve stimulation resulting 
in a profound decrease in peripheral vascular resistance, a decreased venous return 
and cardiac output, and short term reductions in blood flow to the brain. 
 

 
 


