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Extra clarification from the textbook: 

The diastolic pressure curve (lower purple line) is determined by filling the heart with progressively greater volumes of 
blood and then measuring the diastolic pressure immediately before ventricular contraction occurs, which is the end-
diastolic pressure of the ventricle. 

The systolic pressure curve (upper purple line) is determined by recording the systolic pressure achieved during 
ventricular contraction at each volume of filling. 

Next, we will draw our focus to the left ventricular P/V 
loop, which is outlined by the blue box. This part of the 
figure illustrates the cardiac cycle:  

x Point A: AV valve opens. Here we can see the value of 
the end-systolic volume (ESV). 

x Phase I: Period of blood filling in the ventricle. There is 
little increase of pressure.  

x Point B: AV valve closes (Sound 1). Here we see the EDV. 
x Phase II: Isovolumic contraction – No change in volume, there is only change in pressure. 
x Point C: Semilunar valve opens.  
x Phase III: Period of Ejection – During ejection there is increase in pressure and decrease in 

volume of the ventricle. 
x Point D: Semilunar valve closes. (Sound 2) 
x Phase IV: Isovolumic relaxation – No change in volume with decrease in pressure. 

Diastole is phases I and IV (mostly I, since IV is short). Systole is phases II and III. In fact, the 
time for phase I is greater than the times of phases II, III, and IV combined. 

 

This curve (or loop) represents one cardiac cycle. This cardiac cycle 
can however change, for example the end-diastolic volume can 
increase (indicated by the blue arrow). 

The area under the curve (shaded with blue lines) is the energy that 
can be used to move the blood inside the circulation. This is called 
the external work (EW). (or, as the textbook defines it, the work needed to move 
blood from the low pressure-veins to the high-pressure arteries). 

 

EW = Stroke Volume x Pressure  

Pressure = Mean change in systolic pressure - Mean change in diastolic 
pressure. 

Also recall that the stroke volume = EDV-ESV. The length of the double-sided arrow in the 
graph indicates the stroke volume. 
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We can also see the graph illustrates the potential energy (PE). This is the energy stored in 
the system that can be used to increase the stroke volume without increasing the EDV. (or, 
as the textbook defines it, the PE represents additional work that could be accomplished by contraction of the 
ventricle if the ventricle should completely empty all the blood in its chamber with each contraction) 

As shown in the figure, the curve will extend to where 
the PE is utilized (decreasing the ESV by shifting it to the 
left). In this case, where the EDV is fixed but the stroke 
volume increased, there is an increase in contractility. 
There is also an increase in the ejection fraction.  

Increase in contractility = Use part of the PE stored in 
the system. 

(Added explanation: Stroke volume = EDV – ESV, so 
when we lower the ESV this increases the stroke 
volume) 

Valvular Function 

x The function of valves is to prevent back-flow of blood. 
x The back-flow of blood to the atria is prevented by the chorda tendineae, which are 

attached to the AV-valves. The chorda tendineae, in turn, are attached to the papillary 
muscles, which contract when the ventricles contract (during systole). 

x Because the openings of the semilunar valves are smaller than those of the AV valves, 
the velocity of blood ejection through the aortic and pulmonary valves is far greater 
than that through the AV valves.  

x Most of the work output of the heart is the external work (also known as pressure-
volume work). 

x A small amount of work is required to impart kinetic energy to the heart ( 𝑚𝑣 ). This KE 
is normally negligible. However, this KE becomes important when there is aortic 
stenosis- to the point that the KE will form more than 50% of the total work output). 
This is because in aortic stenosis the aortic valve is narrowed, and to move the same 
amount of blood through the narrower valve needs a larger amount of KE. This can be 
very dangerous, especially if the orifice is extremely narrowed, because the left ventricle 
has to spend a lot of energy to move the blood through the orifice. 

x External work is the area of the pressure-volume curve. 
x Work output is affected by preload (end-diastolic pressure) and afterload (aortic 

pressure). 
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Pressure/Volume Relationships Under Different Conditions 

Here we can see a shift in the isovolumetric curve to the right, 
indicating an increase in the EDV. This leads to an increase in 
the SV. Increased EDV indicates increased preload.  

Conclusion: Increased preload = Increased SV (Frank-Starling 
Law) 

 

 

Here we can see a shift in the pressure curve upwards. This 
means the arterial diastolic pressure, or the afterload, 
shifts upward. To keep the external work (area) the same, 
there must be a decrease in the stroke volume.  

 

However, the SV can be maintained if the energy (to convert to work) is increased. This is 
the danger of hypertension. With arterial hypertension, there is increased diastolic and 
systolic pressure. If you increase the arterial diastolic pressure, the heart has to spend more 
energy than before to keep the stroke volume the same (more energy is needed to 
overcome the pressure in aorta that keeps the aortic valve closed and pump the same 
amount of blood).  

 

This can be seen in the graph, where the stroke volume is 
maintained if the area increased (blue lines), indicating 
more work than if the stroke volume had lowered (pink 
dashed lines). If the heart is unable to meet the demand of 
the increased workload, then stroke volume, and therefore 
cardiac output, decreases and the amount of blood 
pumped may not be enough to supply the tissues. 

 

 

Here, we have increased contractility by using a 
portion of the potential energy (black curve). 
Therefore, there is an increase in SV but the EDV 
remains the same. This is done by positive inotropic 
agents. 
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The next figure summarizes what we’ve discussed: 

Graph A: With successfully increasing preload there is increased stroke volume. 

Graph B: With increasing afterload, SV decreases (this will ensure that the work (area) is the 
same for all three curves). 

Graph C: EDV remains the same. Increasing SV indicates increasing contractility. (positive 
inotropic action) 

 

 

 

 

 

 

 

 

 

This graph plots EDV on the x-axis 
and SV on the y-axis. As you can see, 
this is a representation of the Frank-
Starling law. The higher the EDV the 
higher the SV up to the physiological 
limit (the optimal length). After this 
length, although the EDV increases 
the SV decreases. This indicates heart 
failure.  
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Regulation of Heart Rate 

x Positive chronotropic factors increase heart rate. (ex: sympathetic nervous system 
[SNS]) 

x Negative chronotropic factors decrease heart rate. (ex: parasympathetic nervous system 
[PNS]) 

Autonomic Nervous System Regulation 

x SNS stimulation is activated by stress, anxiety, excitement, or exercise. 
x PNS stimulation is mediated by acetylcholine and opposes the SNS. 
x The PNS dominates the autonomic stimulation of the heart rate, slowing it down and 

causing vagal tone. 
x The SNS dominates the autonomic stimulation of contractility. 

→ What would happen if the parasympathetic and sympathetic fibers to the heart were 
cut? 

The heart rate would increase (due to loss of parasympathetic innervation) and the 
contractility would decrease (due to loss of sympathetic innervation). 

The Atrial (Brainbridge) Reflex  (Brainbridge was a scientist)    

 The atrial (Brainbridge) reflex is a sympathetic reflex initiated by increased blood in 
the atria (specifically the right atrium). Increased right atrial pressure presses on the SA 
node, increasing its permeability to sodium and calcium. This will affect the SA node 
depolarization curve by making the resting membrane 
potential less negative and by increasing the slope (red 
curve), which will lead to increased heart rate. 

Increased blood in the atria also stimulates 
baroreceptors in the atria, causing increased SNS 
stimulation. 

Chemical Regulation 

x The hormones epinephrine and thyroxine increase heart rate.  
x Intracellular and extracellular ion concentrations must be maintained for normal heart 

function. 
o Hypercalcemia leads to increased heart rate. 
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Important Concepts About Cardiac Output Control 

x Cardiac output (CO) is the sum of all tissue flows and is affected by their regulation.               
CO = 5L/min (all blood that leaves the heart from the aorta goes to the tissues, so the 
sum of all blood flows to the tissues equals the cardiac output). 

x CO varies between individuals due to size and gender. Therefore, another measure used 
is the cardiac index. Cardiac index = CO/Surface area(m2) (unit is L/min/m2). So, it is 
better to compare individuals with their cardiac index and not their cardiac output. 

x CO is proportional to tissue O2 use.  
o The higher the exercise level of an individual, the higher their O2 use, and the higher 

their CO. 
 

The cardiac output can also be thought as the flow of blood from the aorta to the right 
atrium. We can calculate CO through the equation: 

𝐶𝑂 = 𝐹𝑙𝑜𝑤 =
∆𝑃
𝑅

=
(𝑀𝑒𝑎𝑛 𝑎𝑟𝑡𝑒𝑟𝑖𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒) − (𝑅𝑖𝑔ℎ𝑡 𝑎𝑡𝑟𝑖𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒)

𝑇𝑜𝑡𝑎𝑙 𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑎𝑙 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
 

CO is proportional to 1/TPR (total peripheral resistance) when arterial pressure is constant. 
Why do we only refer to arterial pressure? It’s because the right atrial pressure is zero, so 
the equation can also be written as: 

𝐶𝑂 = 𝐹𝑙𝑜𝑤 =
∆𝑃
𝑅

=
(𝑀𝑒𝑎𝑛 𝑎𝑟𝑡𝑒𝑟𝑖𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒)

𝑇𝑜𝑡𝑎𝑙 𝑝𝑒𝑟𝑖𝑝ℎ𝑒𝑟𝑎𝑙 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
 

 

Goodluck! 


