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Cardiac Function 
 
Reference: Physiology (7th Ed.); Berne, Levy, Koeppen & Stanton, Chap. 16. 
 
Learning Objectives: The relationship between pressure and volume is used clinically to 
evaluate cardiac function.  It is also a useful tool for understanding how changes in preload, 
afterload and contractility affect stroke volume and cardiac output under normal and abnormal 
conditions. 
 
You should be able to: 
 

1. Draw and explain a normal LV pressure-volume diagram, and how changes in 
preload, afterload, and contractility affect stroke volume. 

 
2. Define systolic (HFrEF) and diastolic (HFpEF) heart failure in relation to ventricular 

contractility and compliance, respectively. 
 

3. Define ejection fraction. 
 

4. Define the various factors that determine and affect preload, afterload and 
contractility. 

 
5. Define systolic and diastolic heart failure. 
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I. Analysis of Ventricular Function:   Pressure - Volume Diagrams 

 
A. Normal 

 
 
 
 
 
 
 
 
 
SLL 
 
 
 
 
 
 
 
 
 

NOTE:  The shape of the ejection phase of the P-V loop segment is not flat (as in 
skeletal muscle) because the afterload is not constant.  The afterload changes 
throughout ejection because blood flow into the aorta raises the pressure (afterload) in 
the aorta.  Therefore, during the ejection phase the heart generates an isotonic 
contraction with a changing (rather than constant) afterload.  

 
 
 

What is the ejection fraction of the ventricle? 
 
 

EF = EDV-ESV  * 100 
EDV 

 
  The ejection fraction is the fraction of blood ejected during one stroke of the heart in 

relation to the total left ventricular end-diastolic volume.  In other words, stroke volume 
divided by end-diastolic volume.  The ejection fraction is a clinical index of left 
ventricular contractility.  Normal ejection fraction is approximately 60%.   
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Note: In the top portion (Panel A) of each of the following three figures the length-tension 
relationship of an isolated muscle is shown.  While in the bottom portion (Panel B), the 
pressure-volume loop of a whole heart is shown. 
 

B. Effects of changes in preload 
 
 
Panel A 
 
• Increased preload → Increased 
resting tension 
• Increased preload → no change in 
maximum tension development 
• Increase preload → more shortening 
(L1 → L4 is greater than L3 → L4) 
 
 
 
 
 
 
 
 
Panel B 
 
• Increased preload → Increased EDP 
• Increased preload → Increased 
stroke volume (EDV3 - ESV1 is greater 
than EDV1 - ESV1) 
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C. Effects of changes in afterload 
 
 
 
 
Panel A 
 
• Preload unchanged 
• Increased afterload → increased 
tension development 
• Increased afterload → less 
shortening (L1 → L3 is less than L1 → 
L2) 
 
 
 
 
 
Panel B 
 
• Increased afterload → Increased 
amount of pressure development before 
ejection; Increased energy consumption 
• Increased afterload → Decreased 
stroke volume 
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D. Effects of changes in contractility 
 
 
 
Panel A 
 
• Preload & afterload unchanged 
• Increased contractility → shifts 
curve upward & left 
• Increased contractility → more 
shortening 
 
 
 
 
 
 
Panel B 
 
• Increased contractility → Increased 
stroke volume 
• Increased contractility → Increased 
ejection velocity 
 
 
 
 
 
 
 

 
To maximize shortening of muscle or stroke volume in the heart: 

• Increase preload 
• Decrease afterload 
• Increase contractility 
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E.  Heart Failure - A condition in which the heart fails to provide cardiac output sufficient 
to meet the needs of the body. 

1. Decreased ventricular contractility (A); systolic heart failure 
2. Decreased ventricular compliance (B); diastolic heart failure 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
II     Cardiac Output: (Cardiac Output= Stroke Volume X Heart Rate) 

A. Stroke Volume 
1. Preload 

a) pressure gradient (atria → ventricle) 
- an increase in end-diastolic pressure, decreases ventricular filling 

b) time for ventricular filling (heart rate) 
- An increase in heart rate, decreases ventricular filling time 

c) ventricular compliance - 
- a decrease in ventricular compliance, decreases ventricular filling 

d) atrial function (atrial kick) - 
- a loss of atrial function (atrial fibrillation), decreases ventricular filling 
 

2. Contractility 
a) sympathetic nerve activity 
b) drugs (inotropic agents; ex. digitalis) 
c) disease (loss of myocardium & dysfunctional myocardium) 
 

3. Afterload 
a) aortic pressure 

- disease (hypertension) 
b) ventricular outflow tract resistance 

- valvular - stenosis 
- subaortic stenosis - constriction 

c) ventricular size (wall tension) 
- dilated hearts - higher wall tension - larger afterload 
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B. Heart Rate 
1. Absolute Rate: 

a) increase in heart rate increases contractility (force-frequency relationship; 
positive staircase) 

b) increase in heart rate decreases the time for ventricular filling 
 

2. Sequence of Activation: 
a) arrhythmic activity and abnormal sequence of activation affects efficiency of 

ventricular filling and ejection. 
 

3. Factors influencing “heart rate” (ventricular rate) 
a) pacemaker function - 

- normal SA node function 
- shifts in pacemaker location change ventricular rate 
- enhanced or depressed pacemaker function 

b) AV nodal conduction 
- 2nd and 3rd degree AV nodal block 
- atrial fibrillation and atrial flutter 

c) ventricular arrhythmias 
 

 
Echocardiography- using ultrasound to measure the dimensions and motions of the heart 
anatomy.  This technique provides information about cardiac function. 
Changes in cardiac dimensions are taken as an index of mechanical function.  For example, it can 
estimate LV ejection fraction. 
Blood flow can be measured with Doppler echocardiography: 
Car horn demonstration of the Doppler Effect:  https://youtu.be/a3RfULw7aAY 
This diagnostic method can reveal regurgitation and shunts, both examples of blood flowing the 
wrong way.   Blood flow velocity (V) can be used to infer the difference in pressure from one 
side of a valve to another using the simplified Bernoulli equation: 
ΔP (mmHg)  =  4V2 
If you are curious you can read UpToDate to see how this approximation is obtained: 
http://www.uptodate.com.archer.luhs.org/contents/principles-of-doppler-
echocardiography?source=see_link  
 

Study Questions/Exercises 
 
• How does load affect the velocity of shortening (ejection velocity) in the ventricle? 
• How does load affect the amount of shortening (stroke volume) in the ventricle? 
• How does a change in contractility affect the velocity of shortening in cardiac muscle? 
• How does a change in contractility affect the amount of shortening in cardiac muscle? 
 

https://youtu.be/a3RfULw7aAY
http://www.uptodate.com.archer.luhs.org/contents/principles-of-doppler-echocardiography?source=see_link
http://www.uptodate.com.archer.luhs.org/contents/principles-of-doppler-echocardiography?source=see_link
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