


Review of the cardiac cycle: 
Cardiac cycle: it’s a series of changes that happens in one heartbeat, theses changes are: volume, 
pressure, mechanical and sound changes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pressure changes:  

- By the opening of the semilunar valve the volume suddenly increased (rapid 
ejection) at the end diastolic volume 

- At the end of systole there are about 55 ml left in the ventricle  
- So, each beat ejects 70 ml which called stroke volume  

Stroke volume = EDV – ESV 
- Cardiac output: the amount of blood ejected per one minute = SV*HR 

 

Pressure changes:  

- Atrial pressure (almost zero) is higher than the 
ventricular one (negative) regarding to reference 
pressure (760 mmHg) Æ AV valve is opened. 

- After the first contraction of the ventricle, pressure 
inside it increased and become higher than the atrial 
pressure Æ AV valve closes. 

- For short period of time, the ventricle still contracting 
(isovolumic contraction) and all valves are closed. 

- With the fast increasing of the ventricular pressure, it 
becomes higher than aortic pressure Æ semilunar valve 
opens. 

- At the end of the ventricular systole the semilunar 
valve opens because the aortic pressure becomes 
higher than the ventricular pressure. 

- Because of the momentum, blood tries to go back to 
the ventricle so the semilunar valve closes (isovolumic 
relaxation). 

-  

 

 

Dicrotic notch:  

Happened because of the closure of the 
semilunar valve in front of the blood that 
coming from the aorta to the ventricle. 

 

Pressure in the aorta during systole is 118-120 mmHg        ,        Pressure in the aorta during diastole is 80 mmHg     
Pressure in the left ventricle during diastole is zero             ,       Pressure in the left ventricle during systole is 120 mmHg 



- When the AV valve opened (rapid filling) and then the slow filling because 
of the opened AV valve we call it diastasis 

Heart sounds: 

- First sound: due to the closure of the AV valve (lub)  
- Second sound: due to the closure of semilunar valve (dub) 
- Third sound: due to the rapid filling of the ventricle  
- Fourth sound: due to the atrial contraction   

Changes in the atria:  

Pressure:  

x The atrial pressure is almost zero during the diastole, while during atrial 
systole(contraction), an increase in pressure takes place “A wave”  

x The “c wave” occurs when the ventricles begin to contract; it is caused 
partly by slight back flow of blood into the atria at the onset of ventricular 
contraction but mainly by bulging of the A-V valves backward toward the 
atria because of increasing pressure in the ventricles  

x The “v wave” occurs toward the end of ventricular contraction; it results 
from slow flow of blood into the atria from the veins while the A-V valves 
are closed during ventricular contraction. Then, when ventricular 
contraction is over, the A-V valves open, allowing this stored atrial blood to 
flow rapidly into the ventricles and causing the v wave to disappear. 

x  In cases of AV valve stenosis, the atrium pushes certain amounts of blood 
throw a narrow AV valve, so the “A wave” becomes high and sometimes 
the blood reflexes to the jugular vein. The “C wave” also peaks because the 
pressure in the ventricle pushes the AV valve towards the atrium.  

x In AV valve incompetence the AV valve doesn’t close properly, so during 
the ventricular contraction blood goes from the ventricle to the atrium. 

x What prevents this collapse from happening is the chordae tendineae that 
is attached to papillary muscles, when the muscle contracts it pulls the 
chordae tendineae down with the valve towards the ventricle preventing 
the back flow of blood to the atrium. 



Ejection fraction: is the fraction of blood ejected from the ventricles of the 
heart with each heartbeat and it is an inherent volumetric measure of the 
pumping efficiency of the heart. 

FACTORS affecting stroke volume:  

-Preload (Frank -starling Law): it is the end diastolic volume (EDV) that stretches 
the right or left ventricle of the heart to its greatest dimensions.  

-Afterload: (in order for the heart to open the semilunar valve, it must exert 
pressure during ventricular contraction which is higher than the aortic pressure 
(during diastole which is 80mmhg) in case of the left ventricle and higher than the 
pulmonary pressure (8mmhg) in the case of the right ventricle. So, the Afterload is 
the amount of tension that the ventricle must develop to eject blood. 

 -Contractility: cardiac cell contractile force that is produced due to factors other 
than EDV. With a fixed end diastolic volume, there is an increased stroke volume 
(same as positive Inotropic effect). Positive inotropic effect increases the stroke 
volume and decreases the end systolic volume.  

-increase in contractility ->increase in SV  

❖ Frank-starling law:  

- in physiological limits an increase in the length of the muscle increases the force 
of contraction. But in cardiac muscles we don’t talk about the length instead of it 
we talk about the volume (end diastolic volume particularly) 

 ✓ In physiological limits an increase in the preload volume increases the stroke 
volume.  

✓ Slow heartbeat (more filling time) means an increase in the SV.  

✓ Exercise increases the venous return to the heart and so an increase in the SV. 
✓ Blood loss and rapid heart rate (shortened filling time) decreases the SV. 

Small equations summary:  

SV = EDV – ESV                                                   EJECTION FRACTION = STROKE VOLUME\ EDV 

C.O = SV * HR                                                      55-80% normal, if it increased it indicates 
hyperactivity  

Cardiac reserve = max C.O – normal C.O  

             



 

 

 

 

 

Cardiac output: 

x There are different mechanisms that ultimately lead to an increase in 
cardiac output. The cardiac output increases with increasing stroke volume, 
heart rate, or both. 

x  As we discussed earlier, three factors can increase the stroke volume:  
1. Increased Preload: 

 Within physiological limits, cardiac muscle fibers contract more 
forcefully with stretching (Frank-Starling Law of the heart).  

2. Increased Contractility: 
    Positive inotropic agents such as increased sympathetic stimulation, 
catecholamines (E and NE, postganglionic neurotransmitters in the SNS), 
glucagon (an endocrine hormone secreted by the pancreas), thyroid 
hormones in the blood (T3 and T4), and increased Ca2+ in extracellular fluid 
increase the contractility by increasing the force of contraction at all 
physiological levels of stretch. 
3. Decreased Afterload: 

Decreased arterial blood pressure (in the aorta and pulmonary artery) 
during diastole decreases afterload and therefore the semilunar valves 
open sooner. 

There are also three factors that increase heart rate: 

 1. The Nervous System: 

a. Increased sympathetic stimulation and decreased parasympathetic stimulation 
increase heart rate. 



 b. The cardiovascular center in the medulla oblongata receives input from the 
cerebral cortex, limbic system, proprioceptors, baroreceptors, and 
chemoreceptors. 

 2. Chemicals: 

a. Catecholamines or thyroid hormones in the blood and moderate increases in 
extracellular Ca2+ increase heart rate.  

I. Patients with hyperthyroidism have tachycardia.  

ii. Patients who are nervous (=increased sympathetic stimulation) also have 
increased heart rate. 

b. other factors: 

Infants and senior citizens, females, low physical fitness, and increased body 
temperature (patients with fever have higher heart rate, which sometimes may 
lead to lower stroke volume by decreasing the ventricular filling time, which 
results in lower diastolic volume (preload)). 

Recall that when you multiply heart rate and stroke volume you get the cardiac 
output. 

 This figure restates everything that we have discussed: 

 

 

 

 

 

 

 

 

 



The atrial systole only imparts less than 25% of the ventricular volume. This 
means that the volume of blood pumped by contraction of the atria is less than 
25% of the final blood volume of the ventricles. This is because the AV valves 
remain open before the atrial contraction, so even if the atria do not contract a 
large amount of blood still reaches the ventricles. In fact, atrial systole is not 
essential for the normal functioning of the heart.  

Extrinsic Factors Influencing Stroke Volume  

Contractility (extra: Contractility refers to the innate ability of the myocardial cells to 
contract.) is independent of stretch and EDV (end diastolic volume). We already 
discussed the factors that increase contractility, such as increased sympathetic 
stimuli, certain hormones (T3, T4, and glucagon), Ca2+, and some drugs (such as 
digoxin, a positive inotropic agent).  

Other factors decrease contractility: 

 1. Acidosis – Decreased pH inhibits cellular enzymes, and this will cause a 
depression in cellular activity. 

2. Increased Extracellular K+ (hyperkalemia)  

3. Calcium channel blockers – By blocking calcium influx through the slow calcium 
channels, intracellular calcium levels will decrease, and this lowers the force of 
contraction. 

 

Contractility and Norepinephrine: 

The sympathetic nervous system has 

 positive inotropic and chronotropic effects.  

Catecholamines act on the heart by binding 

 to their β1 receptors. These receptors are 

 G-protein coupled receptors, and when bound by norepinephrine, the alpha 
subunit of the G protein dissociates. The alpha subunit then activates adenylate 
cyclase (a membrane enzyme), which converts ATP to cAMP. cAMP activates PKA, 
a cyclin-dependent protein kinase. 



How is the inotropic effect then caused? The activated PKA causes multiple 
effects: 

 1. It activates calcium channels to increase influx of Ca2+. More Ca2+ influx leads 
to higher contractility.  

2. It enhances the actin-myosin interaction, which increases cardiac contractility. 
3. More Ca2+ influx means more Ca2+ release from the sarcoplasmic reticulum, 
which leads to a higher force of contraction.  

Æ Recall when we took the chronotropic effect caused by catecholamines.  

ÆActivated PKA phosphorylates phospholambin, a sarcoplasmic reticulum 
protein.  

ÆThis leads to quicker uptake of Ca2+ through the SR Ca2+ pump.  

ÆThis shortens the time for relaxation, which increases the heart rate. 

 

The end  

 


