
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cardiac cycle and its changes: 

CVS 

physiology 

Cardiac cycle  



Cardiac cycle and its changes: 
► Mechanical. 
► Electrical. 
► Pressure and volume changes – explained together- . 

 

The whole topic is summarized in the following figure, so link each idea with it. 
You can find this figure in 
Guyton page 105 (12th edition). 
>> In the next page you can find the doctor’s figure. 

Tip : to master this topic try to draw the figure by ur-self . 

 



 

 

❖Introduction to cardiac cycle: 
o Definition : 

The cardiac cycle refers to a complete heartbeat from its generation to the 
beginning of the next beat, and so includes the diastole, the systole, and 
the intervening pause. -Quoted from Wikipedia 

another definition  

The cardiac cycle is the time between one beat and the next one. If we look at the 



ECG it would be between one R and the next R, or one P and the next P, it takes 

0.8 Seconds in average.  

●our purpose of studying cardiac cycle is to know the timing and sequence of 
electrical events, mechanical events, pressure changes, volume changes and 
sound changes in one cardiac cycle 
 

The cardiac cycle can describe a lot of changes that occur during a single 
heart beat. And these changes include: 
► Mechanical 
► Electrical 
► Pressure changes 
► Phono-changes (i.e. the sounds of the heart) 
o Before we start, keep in mind that the duration of a one cardiac cycle is 
assumed to be 0.8 seconds –for teaching purposes-. 



❖ The electrical change in the cardiac cycle: 
Electrical changes are basically the ECG, and you should know it by heart by 

now. 

 
 

❖ The mechanical change in the cardiac cycle: 
 

• The mechanical changes that occur in one cardiac cycle are: 
Atrial systole and diastole 
Ventricular systole and diastole. 
 
• Starting the cycle with atrial systole: 
The atrial systole occurs over a period of 0.1 seconds followed by 
atrial diastole which takes the rest of the cycle (i.e. 0.7 seconds). By 
the action of the AV delay, the atrial systole and ventricular systole do 
NOT take place at the same time. This means that the atrial systole 
occurs and by the time it is finished, ventricular systole takes place 
during the next 0.3 seconds. Thus the ventricular diastole takes 0.5 
seconds. 
In other words, the atria are in the systole for 0.1 seconds while the 



ventricles are in diastole. After the 0.1 second the atria will be in diastole while 
the ventricles will start their systole that takes 0.3 
seconds. After this time the ventricles will go into diastole for 0.5 
seconds and the atria are still in their diastole, and in the last 0.1 
second of the ventricular diastole, the atria will enter and complete 
their systole and so on so forth. 
 
*So the atria and the ventricles do NOT go into systole together.* 
• NOTE: the cycle for the atrium –alone- is 0.8 seconds and the ventricular 
cycle -alone- is also 0.8 seconds. That’s why the time required for the 
ventricular diastole is 0.5 (0.8-0.3) NOT 0.4 (0.8-(0.3+0.1)). In other words 
the atrial systole and diastole requires 0.8 seconds (0.1+ 0.7) and the 
ventricular systole and diastole requires also 0.8 seconds (0.3+ 0.5), so 
we deal with them as two separate cycles. 
 
• Note that when we start with cycle with the atrial systole, in the first 0.1 
second the atria are during systole and the ventricles are during diastole. 
ن منبسط من الدورة السابقة.  ي الرسمة ، نقطة بدايتنا : األذين منقبض و البطي 

ن
 يمكنك مالحظة هذا ف

 
• NOTE: It is a cycle so starting from any point, will give the same result. 

 
• These mechanical changes usually follow the electrical changes, which 
means that the electrical changes precede the mechanical ones. 
 
• So when relating ECG electrical changes with mechanical changes of the 
cardiac cycle, you will have the following: 
 
► Before the atrial systolethe P wave is recorded. 

► Before the ventricular systolethe QRS is recorded. 
► Before ventricular diastolethe T wave is recorded. 
 
• NOTE: it is important to link the different changes; the mechanical, 
electrical, volume and pressure changes all together. 

ي نهاية
ن
امنة ف ن ي األحداث القلبية المت 

ن
) األصوات، موجات الكهربا..( هذا الموضوع هنالك ملخص كامل ف  

 هام



 
Flash Quiz :  
❖The P wave precedes - occurs just before- the atrial diastole, true or false? 
False; as it is prior to atrial systole not diastole. 
❖QRS occurs just before atrial systole, true or false? 
False; as it is prior to ventricular systole. 
 
 
• NOTE: Cardiac cycle also can be linked with the action potential of the cardiac 

muscles. The doctor did not mention them during the lecture; however he said that 
we should know them and some of the questions in the exam will be about them. 

** He drew a couple of action potentials on the previous transparency. Just keep in 

mind that, the ventricular repolarization extends over a longer period than that of the 
atrial, due to variations in the electrical nature of ventricular muscle fibers. (Guyton, 
page 122). 

 

❖Volume and pressure changes in the cardiac cycle: 
 
• Volume changes in the cardiac cycle are concerned with the ventricular 
volume changes during the cycle. -not the atrial 

 

• The volume of both ventricles – left and right- is the same. The difference 
is in the pressure NOT the volume. So the volumic changes described 
below can be applied for both of the ventricles. 
 



• NOTE: the used numbers are just examples! Don’t take them as standard values. 

• NOTES before we start with the changes: 
Remember that the AV valves opens passively ( i.e. according to 
pressure gradient) so they open just before that atrial systole as 
the blood pressure in the atria at this moment is slightly higher 
than that of the ventricles. And the atrial contraction only 
enhances the blood flow from the atria to ventricles. 
For this reason, if the atrial contraction is lost due to pathological 
condition such as in atrial fibrillation, the blood will flow normally 
from the atria to ventricles and the only difference will be in the 
velocity of the blood flow (i.e. when there is contraction the 
blood will flow faster than in case of no contraction); however 
this is not clinically significant. 
 
• Starting the cycle with atrial systole: 
 
Let’s assume that the blood volume in the left ventricle before 
the atrial systole is 100 ml, note that in this time the ventricles 
are in diastole. Now the blood pressure in the atria will increase 
to around 0 (because it is being filled with blood) and it will be 
higher than the ventricle (-1 or -2)thus the AV valves will open, 
the blood will flow PASSIVLEY towards the ventricles and this 
flow will be accelerated by the atrial systoleAt the end of atrial 
systole the blood volume in the ventricles will increase from 100 
ml to around 125 ml. So the atrial contraction contributes 
roughly for around 25% of the blood volume in the ventricles. 
* Thus loss of the atrial contraction is combatable with life as it 
contributes for less than 25%. *At the end of the ventricular  
diastole (which is the same as the end of atrial systole) 
 the blood volume is 125 ml and this 
volume is known as end diastolic volume ‘‘EDV’’. 
Now the ventricles will start their systole thus the pressure 
inside them will increase. You can look at this increase in the 
pressure as two stages: 
► Firstly, it will increase to be more than the pressure in the 
atria (more than zero) so the blood will try to go back to the 
atria according to the pressure gradient BUT the AV valves will 

Would the 

ventricular 

blood volume 

be affected in 

case of Atrial 

fibrillation ? 

 تذكر :

الصمامات موجودة في 

القلب لتحافظ على 

جريان الدم باتجاه واحد 

لذا ستجد أنها ستغلق 

عندما تصبح الحجرة 

المنقول لها الدم تملك 

ضغطاً أعلى من 

.الحجرة السابقة لها   

فتح الصمامات ؟ متى ت  

عندما يزيد الضغط في 

حجرة ما بسبب ارتفاع 

ً  منسوب الدم بها  نسبيا

 -باسيفلي-يفتح الصمام 

ليتم تفريغ الدم في 

رة التالية التي الحج

أقل نسبةً دم تحوي 

و التي ضغطها لسعتها 

. أقل بطبيعة الحال  

الجسم كلّه محكوم 

 بسعيه للتوازن. 



close preventing this back flow of the blood. 
► Secondly, the pressure will increase more and more but it will 

still less than the aortic pressure (80 mm Hg) thus the semilunar 
valves will remain closed. 
*At this moment the four valves of the heart are all closed.* 
As a result of that, the blood volume in the ventricles won’t change as 
NO blood can go out or get in the ventricles. This stage is known as 
isovolumic contraction. 

• So isovolumic contraction is the stage at which the blood volume 

within the ventricles is not changing, all valves are closed but the 
ventricles are still contracting increasing the blood pressure very sharply. 
It is very short period around 0.01 seconds. -in other words, there is 

contraction so more force is being produced , but this force can’t be translated into an 
increase in the volume so the thing that will increase due to this force is pressure- 
 

• NOTE: when there is no contraction of the atria the ECG will be affected 
(NO P waves are seen) but the volume changes in the cardiac cycle will 
not be affected as blood volume in the ventricles will decrease for 
example from 125 ml to 115 ml which is not significant actually. 
 
• Isovolumic contraction is similar to isometric contraction in which there 
is contraction but without changing the length of a muscle fiber. 
 
OK, 
• Continue with the cycle; 
Isovolumic contraction continues until the pressure becomes more 
than 80 mm Hg (i.e. more than the aortic pressure)thus the semi 
lunar valve opens resulting in a rapid ejection of the blood from the ventricle to 
aorta -rapid drop in the blood volume in the ventricles- 
the blood continues to flow but in slower manner than before until the 
end of the systole. 
• The blood volume in the ventricle at this moment is called end systolic 
volume “ESV” and equals around 55ml.This indicates that the ventricles 
are never emptied totally from the blood even in the maximum 
contraction, hence the ESV never equals zero. 
By the end of the systole, the ventricles will enter their diastole and 
the pressure within them starts to decrease. And once again we look at 
the decrease in the pressure as two stages: 



 تغيرات حجم الدم في  للبطين 

 

100  ml  بدء الدورة 

125 ml  إضافة مساهمة 
 انقباض األذين
EDV  

55 ml  بعد فتح الصمام
 النصف قمري 
وإفراغ محتويات 
البطين بالشريان 
 التابع له 
ESV 

 

► Firstly, it will decrease to be less than 80 mm Hg (i.e. less  
than the aortic pressure)the blood tries to go back to the 
ventricles but the semi lunar valve closes. –Note that the AV 

valve is still closed-. So the four valves at this time are closed, 
hence no change in the blood volume at this stage which is 
called isovolumic relaxation and it takes around 0.02 
seconds. 
► The pressure is still decreasing reaching a point that is 
lower than the pressure in the atria ( less than 0) the AV 
valve opens allowing the blood to pass passively from the 
atria to the ventricles rapidly at first then slowly (Diastasis) 
until the atrial systole takes place and the flow is again 
accelerated by the atrial systole. 
• Diastasis: is the middle stage of diastole during the cycle of a heartbeat, 
where the initial passive filling of the heart's ventricles has slowed down, 
but before the atria contract to complete the active filling. 
• Note that we have two points where the whole valves of the heart are 
closed which are; the isovolumic contraction and isovolumic relaxation. 

 

• Terms related to the volume: 
❖Stroke volume: 
➢The amount of the blood ejected from either ventricle per beat is known as 
stroke volume. And it equals: 
*Stroke volume = EDV-ESV.* 
➢Using the numbers mentioned above the stroke volume= 
125- 55= 70 ml/beat.  
➢Remember that the volume in both ventricles is the same 
thus the stroke volume at the right side is the same as the 
left side. 
➢If they were not the same: 
➢Assuming that the right ventricle’s stroke volume is 70 

تساوي كميتي الدم المضخوخ في 

النبضة الواحدة من البطين األيمن و 

 البطين األيسر ضروري



ml/beat while in the left ventricle is 69 ml/beat. the blood 
will pass from the right ventricle to pulmonary trunk lungs 
pulmonary veins the left atrium left ventricle. 
➢In each beat, 1 ml out of 70 ml will remain in the left 
ventricles and won’t be ejected. After 1 minute, 70 ml will be 
accumulated in the left ventricle -assuming that the heart rate is 

70 beat/min- . After one hour, 4200 ml will be accumulated 
which does not make sense as the total blood volume is 
around 5 liters. So the stroke volume of both ventricles is 
almost the same. 
 
Frank starling law correlation : 
➢the stroke volume increases in response to an increase in the 
blood volume in a way that prevents damming of the blood 
in a ventricle; which means that the cardiac output can be 
synchronized with the venous return and the arterial blood 
supply. So the ventricles can accommodate according to the 
volume of the blood in it, when the end diastolic volume 
increasesthe resting tension increasesthe active 
tension increasesthe force of ejecting is increasedthe 
extra amount of the blood will be ejected. 

* This is Frank- Starling law* 
 
❖Cardiac output: 
➢The amount of the blood ejected from the heart per minute is 
known as cardiac output. And it equals: 
Cardiac output= stroke volume * heart rate 
➢Assuming that the heart rate is 70 beat/min then the cardiac 
output= 70*70=4900 ml/ min (around 5 liters). 
 
ي من 

ن يأت  ن إذ أن معظم ما يملئ بالبطي  ي ملء البطي 
ن
 ف

ً
لقد سبق أن قلنا أن انقباض األذين ليس مهم نسبيا

ز بها أهمية انقباض األذين جريان الدم باسيفلي عتر الصمام المفتوح  ، لكن هل يوجد حاالت معينة تتر  
• Note about the atrial systole: 
Atrial systole importance appears in tachycardia since the time for 
whole cardiac cycle will decrease (0.6 for example) the ventricular 
systole will take 0.28 seconds instead of 0.3 and the diastole is 0.32 
instead of 0.5, so the time of the ventricular filling is 

 ماذا لو لم يتحقق المذكور أعاله



shortenedthus it is important to have atrial contraction to help in 
accelerating the blood flow and allowing the filling of the ventricle in 
a faster manner. 
The cardiac output in case of tachycardia may still be the same or 
decrease according to how much the heart rate is increased. 
*So atrial systole is important but not essential.* 

u can see at this figure the blood volume change in each ventricle 

(100>>125>>55) – see the table above and notice the slow ejection phase 

(diastasis) and the two isovolumic phases. 

 

❖Pressure changes in the cardiac cycle: 
 
These changes were mentioned above, however more details are clarified below. 
NOTE: the pressure changes in the left side differ from those in the right side. 

➢Pressure changes in the left side of the heart: 
• Let’s start at the point where the ventricle is in diastole and 
atrium is also in diastole; 
The left atrium is being filled with blood, the AV valve is 
closed and the pressure within the atrium is increasing until 
it becomes more than that of the ventriclesthen the AV 
valve will open allowing the flow of the blood from the 
atrium to the left ventricle the atrial systole takes place 
and accelerates this flow the ventricular pressure during 
these events is increasing from around 0 up to 5 mm Hg 
and here the AV valve will close producing the first heart 

هنالك تماثل في سعة 

البطينين للدم على 

اليمين و اليسار و لن 

هذا ال يعني أن القيم 

المطلقة للضغط 

 متساوية على الجانبين.

 

 

 

 

 

  

مالحظة : عند دراسة 

الضغوطات فإننا نهتم 

ط داخل البطين بالضغ

و داخل الشريان الذي 

يضخ إليه هذا البطين 

و المقارنة بينهما. و 

بالطبع مع مراعاة 

 اليمين و الشمال.

The pattern of the waves in 

different pressures is the 

same. However, the scale 

(value) of the waves is not 

the same. 

Phono correlation : 

after S1 >> isovolumic 

contraction  

after S2 >> isovolumic 

relaxation 



sound S1. 
*We reach the point at which all valves are closed which 
is the isovolumic contraction -the beginning of ventricular 
systole-* 
During isovolumic contraction, the blood pressure in the left 
ventricle is still increasing up to more than 80 mm Hg (more 
than that of the aortic pressure) this will cause the 
opening of the aortic semi lunar valve the blood will flow 
according to pressure gradient from the ventricle towards 
the aorta although the amount of the blood in the 
ventricle is decreasing as a result of ejection, the ventricle is 
still contracting thus the pressure within it is increasing 
reaching its maximum value that is 120 mm Hg -the pressure 

is balanced between the amount of ejected blood and the force of 

contraction- . At the same time more blood is in the aorta 
expanding it and increasing its pressure up to 118 or 119. 
So the difference in the pressure between the aorta and left 
ventricle is only 1 or 2; however it is enough to maintain the 
blood flow (this pressure difference is enough to push 70 ml 
of blood). 
Just before the semi lunar valve closure, the aortic pressure 
becomes slightly higher than the ventricular; however the 
blood still moving towards the aorta due to momentum 
 until the pressure effect overcomes the momentum ( (زخم
the blood will start to flow back ( i.e. towards the 
ventricle)at this time the semi lunar valve closes 
producing the second heart sound S2 followed by 
isovolumic relaxation that ends by the opening of the AV 
valve once again and so on so forth. 
 
NOTE: during most of the systolic phase, the aortic pressure 
is less that the ventricular except at the very last moment - 
just before the closure of the semi lunar valve-. 
 
• Notes: 
o The pressure range in the aorta is from 80 to 120 mm Hg, which is 
the pressure measured by sphygmomanometer. So the pressure 
that is measured is the aortic blood pressure (arterial blood 

 هام

ضغط الدم في البطين األيسرتغيرات   

 

0 mm hg  بدء الدورة 

5 mm hg   إضافة مساهمة
 انقباض األذين
و ملء البطين 
 بكامل كمية الدم 

80 mm hg – 
120 mmhg  

 خالل مرحلة ال 
Isovolumic 
contraction  
  ejectionو ال 

 

ما الذي نقيسه عند قياس 

 ضغط دم مريض



pressure). 
*the value “120/ 80” means that the blood pressure in the aorta 
during systole is 120 mm Hg and during 
diastole is 80 mm Hg. * 
o The ventricular pressure ranges from 0 -during 
diastole- to 120 -during systole- . 

o Remember that pressure is the force applied on a surface per unit 
area.  
o AV closure makes the first sound of the heart S1 -lub-. 

o Semi lunar valve closure produces the second heart sound S2 -dub- 

. 
o The time between S1 and S2 is around 0.3 (the time of ventricular 
systole). 
o The reason behind that the blood pressure in the left ventricle is 
higher than that of the aortic most of the time is to allow the flow 
of the blood from the ventricle to aorta. 

o From Ohm’s law we can conclude that: 𝒕𝒉𝒆 𝒓𝒂𝒕𝒆 𝒐𝒇 𝒇𝒍𝒐𝒘 = 

Δ𝑷/𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆. 

 





 
➢The pressure changes in right side of the heart: 
The principle is the same as the left side with different 

numbers only. 
The pressure range in the right ventricle is from 0 mm Hg to 
25mm Hg (0/25). 

 تغيرات الضغط ع اليسار

0- 5-80-125 

 تغيرات الضغط على اليمين 

0-5-8-25 

 

  AVعند التغير الثاني يغلق صمام ال 

  LUBو يسمع الصوت األول 

عند التغير الرابع يغلق صمام ال 

semilunar 

 DUBو يسمع الصوت الثاني 



The pressure ranges in the pulmonary trunk is from 8 mm Hg 
to 25 mm Hg (8/25). 

 

 

 

Dicrotic Notch or Incisura of the aortic pressure  

 

if u follow the line that represent the pressure of the aorta u will notice this ( ) , 

we said previously that When the pressure of the ventricle rises above the pressure 

of the aorta during diastole (which is 80mmHg), the aortic semi-lunar valve opens 

and the blood flows into the aorta. 

➢At this moment, aortic pressure increases since we are pushing blood through 

this tube, which is placing pressure on the walls of the aorta. 



➢The ventricular pressure, however, is still higher than the aortic pressure. 

➢At the end of the ventricular contraction, the pressure in the aorta exceeds the 

ventricular pressure, but the blood still flow from the ventricles toward the aorta, 

this is due to the momentum or inertia. 

When the pressure overcomes this momentum, the aortic semi-lunar valve closes. 

➢After that initial increase in aortic pressure, the pressure in the aorta gets even 

higher and the pressure gradient is restored, causing blood to flow back into the 

ventricles and the semi-lunar valves to close. The second heart sound, or the 'Dub' 

sound (high pitched) is the sound of the blood trying to flow back to the ventricles 

after the semi-lunar valves have closed. 

➢This blood exerts pressure on the semi-lunar valve creating a notch in the 

curve (rapid increase and fall in the pressure). This forms what we call a Dicrotic 

Notch or Incisura, and is due to the closure of the semi-lunar valve. 

 

Atrial pressure changes 

● This pressure is most significant in cases of abnormal pressure, because it can 

exert pressure on the jugular vein.  

 

➢The atrial pressure is usually zero. 

➢During ventricular diastole, AV valve is open so blood flows from the atrium 

to the ventricle according to the pressure gradient, increasing ventricular pressure. 

➢Atrial systole occurs during late ventricular diastole. During atrial systole, the 

atrial pressure increases slightly, and gives us what we call the A wave. So, the A 

wave is due to Atrial systole. 

During ventricular Systole, the high pressure in the ventricle pushes the cusps of 

the closed AV valve upwards, which causes an increase in the atrial pressure. The 

pressure in the atria also increases because blood is still flowing into the atria. The 

atria then give us a wave which coincides with isovolumetric Contraction (of the 

ventricles), This gives us the C wave. 

➢After the isovolumetric contraction, the pressure that pushes AV valves is 

relived, thus decreasing atrial pressure. 

➢When the ventricular systole ends, the semi-lunar valves will be closed, while 

the AV valves are closed. This is the isovolumetric relaxation. The atrial pressure 

is Belding up here due to Venous retain, This gives us the V wave. 



➢At the end of isovolumetric relaxation, the AV valve opens. When the AV 

valves open, the pressure in the atria drop suddenly. Blood passes to the ventricles 

rapidly (rapid filling), followed by slow filling (diastasis), then atrial systole once 

again. 

●So to sum up, we have 3 atrial pressure waves, A wave occur due to atrial 

systole, C wave is due to ventricular isovolumetric contraction, and V wave occur 

with ventricular isovolumetric relaxation. 

 

 

The Heart sounds 

●The first heart sound (S1, lup) coincides with the QRS wave of the ECG (the 

beginning of isovolumetric contraction). 

●The second heart sound (S2, dup) coincides with the end of the T wave (the 

beginning of isovolumetric relaxation). 

➢These sounds occur due to turbulence of the blood around the closed valve, 

not due to closure of the valve. 

➢Because of that, there are two more heart sounds, S3 and S4. 

➢The slow filling of the ventricles from the blood in the atria makes the heart 

sound, S3. 

➢The rapid filling of the ventricles from the blood in the atria makes the heart 

sound, S4, due to atrial contraction. 

➢S3 and S4 are more pronounced in valve stenosis (narrowing of the valve) or 

during the regurgitation of blood. We don't usually hear these two heart sounds. 

You can only hear these if you have what's called a good musical ear. 

●You may hear an abnormal “split” second sound (S2) when the aortic 

and pulmonary valves don’t close at the same time, this is called murmur 

of the heart. 

●The important thing to know here is the time between S1 and S2. The time 

between these two sounds represents ventricular systole, which is around 0.3 

seconds. The time between S2 and the next S1 is 0.5 seconds, which represents 

ventricular diastole. 

C V A 



●How can we detect the heart sounds? 

1- Using a stethoscope, here, you have to detect the heart sounds by your ear. 

There are certain places that can we hear heart sound from them, summarized in 

this figure  

 

2- Using phonocardiogram, that converts heart sounds into waves on a computer 

screen. 

 

Finally we will try to put all these data together , by answering the Q : 

which cardiac events occur together ?  ًأو نسبياً بالتزامن معا 

P wave  ًفعليا

 يحدث قبل قليالً 

Atrial systole  A wave   

QRS wave  

 تحدث قبل قليالً 

Isovolumic 

contraction  

C wave  S1 (LUB)  

T wave  تحدث

 قبلها قليالً 

Isovolumic 

relaxation  

V wave S2 (DUB)  

 


