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Cardiac cycle 1&2
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https://docs.google.com/presentation/d/1hL8EDVBI6pdxEihluW6X0f83x52U2lMGxSDNjygSAL0/edit
https://docs.google.com/presentation/d/1hL8EDVBI6pdxEihluW6X0f83x52U2lMGxSDNjygSAL0/edit
https://docs.google.com/presentation/d/1hL8EDVBI6pdxEihluW6X0f83x52U2lMGxSDNjygSAL0/mobilepresent?slide=id.g41d2cdd36af339a_0

Objectives: =) D":Naf‘"y

Enumerate the phases of cardiac cycle.

Explain the effect of heart rate on duration of systole and diastole.

Recognize the pressure, electrical, sound and volume changes during cardiac cycle .

Correlate different phases of cardiac cycle with various changes in events.

Compare and contrast left and right ventricular pressures and volumes during the normal cardiac cycle.
Describe atrial pressure waves & their relationship to cardiac cycle.

Describe the use of the pressure-volume loop in describing the phases of the cardiac cycle
Understand the general principle of the cardiac cycle and the various phases of the cardiac
cycle

Identify events occurring during cardiac cycle: mechanical, electrical, volume & pressure changes,
heart sounds.


https://youtu.be/J8TcOWvFQx4?si=2c-jmRJO82c8dzBM
https://youtu.be/jVvQaqFOJpY?si=QArn9oyMhyqnHrcN

o G 2a (ludy) lalte 5 ECG demonstration
Cardlac CyCle from female Dr

The cardiac events that occur from the beginning of one heartbeat to the
beginning of the next is called the cardiac cycle, A cardiac cycle is a complete beat of the heart.
1.
2.

Each cycle is initiated by spontaneous generation
of an action potential in the sinus node.

The cardiac cycle consists of

A period of relaxation (filling)
called Diastole during which the
heart fills with blood

Followed by a period of
contraction called systole

Dlgsblo Systole
(filling) (pumping)


https://youtu.be/IS9TD9fHFv0

Pressures changes in the cardiac chambers

Chambers Normal range (mmhg) Normal Range (mmhg)
. . Maximum pressure = 6-8
Right atrium . ’l/. "
Minimal pressure = 0-2
. Maximum pressure = 6-c
Left atrium . I, S )
Minimal pressure = 0-2
. . Maximum pressure = 25
Right ventricle . 1 -7
Minimal pressure = 0-2
Left ventricle —_
Maximum pressure (during systole) = 120
Aorta N , . : _
Minimal pressure ( during diastole)= 80
. Systolic=25-
Pulmonary arteries Y 5

diastolic=1/8

Numbers are important

Pulse pressure (difference between systolic and diastolic):
120-80 = 40 mmHg.
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Events of cardiac cycle for left ventricle

Q= = 0O 0 % &

Atrial Systole

Isovolumetric Ventricular Contraction
Rapid Ventricular Ejection

Reduced Ventricular Ejection
Isovolumetric Ventricular Relaxation
Rapid Ventricular Filling

Reduced Ventricular Filling (Diastasis)

Ninja nerd



https://youtu.be/xamYVlNF5Zo?si=xrhcvWa92VMriw-5

A. Atrial Systole (atrial contraction)

Atrial

. Contraction |]:> increase Atrial |]:>
AP » P wave : ":> : pressure :

Left




B. Isovolumetric Ventricular Contraction

; ) ) “ sy T T T T T T T T ~ P I N S AT N , N
: | Il LV contracts \I ( \I Il IVP (intraventricular
E i | | : LVP increase I | ])l‘(‘\\lll't‘)I)H:ShCS the
! ! : : | (slightly above 0-2 mmHg) | : cusps of the AV
! ! | | ":> LVP > LAP : | valve up & AV
! ! : : | | : orifices are closed
1 1 |
\ I \ J | ) \
S S A I L Ny T 7/ \ - % \N&

Why? It happens due to

closure of AV valves @

s, T T T T T T T N VAR o o e

All valves are
closed, No blood

(
|
|
I enter or leave the I
I ventricles I
|
\

( [VP < pressure of
|

large arteries,
|
I (so the semilunar
| valves also remain
I\ closed)

Which valve is open?

e e ey



C. Rapid Ventricular Ejection

(Maximum ejection [)h‘dSG) Atria has the least pressure in this phase.

e N e

(/ ™\ s . \ e Aortic valve " e
| ( increase LVP, \ I | |

| . | opens— |

| LV contracts | : rises up | : | :

| :|[|:> to 80-120 mmHg— ||]:> | “:>|

: | - IvP>dortic | | | |

( ressure I

N e e // \\ o _p ________ \\ ___________ // \\ ___________

. RightVentricle . DAl S e s e L =

( \I (/ \ (/ \

| | | : | Pulmonary valve :

' RV contracts I | | | opens so blood leaves |

' | | ; | . .

: ||ﬂ:>| RVP > 25 mmHg : “:> the ventricles rapidly :
' I | ' to the aorta and |

' [ | |

' | l ' | pulmonary artery '

\ l J

R T B et ! N / N el s

.- Which valve is open? - -

’ \

At the end of this phase:
intraventricular pressure reaches its peak level with the aorta as
they are opened to each other.

e e
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D. Reduced Ventricular Ejection

(Reduced Ejection Phase)

o e et e et e 2t T

\\ (/ \\ I// \I (/ ______________
: . LVP falls but is still : | : | Iocc
(LV contractionis | | higher than aorta | . Aortic valve | ' volume of blood
weaker) ||]:>| so ventricular | “:‘,>: is still open | (
: : emptying continues : | : : flows into aorta &
] \ ] \\ Y, \ pulmonary artery
N e e _7 N _/ e - NG ey e
| weaker than the maximum ejection phase.
R
2% p T
7\
' , - N — - - - - - - - - - - - - - << N

e e
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E. Isovolumetric Ventricular Relaxation

( diastole)
25 O AR DA W N S ST N g N
[ VENTRICULAR DIASTOLE [PROTO DIASTOLE] \I
: e In this stage, the ventricles relax and the intraventricular pressure decreases, becoming less than the aortic and pulmonary artery |
: pressures. :
| e Blood present in the aorta and pulmonary artery tends to move back into the ventricles. :
'\ o At this stage the semilunar valves ( aortic and pulmonary ) are closed and do not allow entry of blood into the ventricles ]

/
N o o o e e o Ll R s S 2
- LeftVentricle AT ~\ TR ~ T 2
! ' I . ' ML
| | LV relaxes — : | LVP<aortic & : : o gffalbves I
| Intraventricular | “:> : pulmonary | ":> :
| pressure falls : | pressure : : |
I I I
R ! N ! N !

Ventricular pressure > atrial pressure » AV valves remain closed
The blood does not enter or leave the ventricles. Why? Due to closure of SLV to
prevent blood from flowing
back into the aorta
“Blood Never goes back”
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F. Rapid Ventricular Filling

(Rapid inflow)

————— Left Ventricle

Due to the ventricular volume increase.
LVP falls (2-4 mml1g) < LAP (6-9 mmlig)

- RightVentricle

RVP falls (0-2 mmHg)
< RAP (6-8 mmlIg)

L

Tricuspid valve opens
& venlricle begins to
fill with blood

Mitral / bicuspid
valve opens &
ventricle begins to

| fill with blood

Blood: left atrium » LV.

(

|

| LV volume increase
: rapidly (

| )

N A, =0 e e e //
___________________ \\I
Blood: Right atrium » Right |
ventricle. :
|
|
|
/

s



G. Reduced Ventricular Filling (Diastasis)

(Reduced inflow)

At the beginning of this phase most
of the blood has already entered the

' [
: | Then the atrial
|
: : ventricles Remaining
slower rate than in : “:>: blood in the atria also flows into
' |
' \

[
|
| i
| will contract and
“:>: will begin a new
NSRS | cycle (atrial
the previous phase the ventricles. : S

,_________\

1

—_———mm—— -
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Summary of cardiac cycle

Important slide

Electrical event Mechanical event valves + heart sounds Pressure
A. Atrial Systole (atrial . . . :
1al 5y . ( P wave Atrial contraction AV valves open (S4) Atrial pressure increases
contraction)
B. Isovolumetric Ventricular ORS LV contracts with no significant AV closes (S1)"lub” LVP increases
Contraction shortening of fibers Now all valves are closed LVP > LAP
LV contracts.
C. Rapid Ventricular Ejection . . . Increasing LVP
E fSTs Bl i he LV lunar valves
(MAXIMUM EJECTION PHASE) nd of ST segment ood is eJethil) r;(l)m the LV into Semilunar valves open VD oo
. .. LV contraction is weaker. P
DL NG B 2 T wave Blood continueslto l;e‘Z'ected into Semilunar valves is still open il bl higher Uigg
(REDUCED EJECTION PHASE) aorta ) P aorta
E. I | ic Ventricul Semilunar valves close (S2)"dub” A
sovolumetric Ventricular nd of T wave LV relaxes Semilunar valves close (S2)"dub IVP £ aortic pressure

Relaxation (diastole)

Now all valves are closed

F. Rapid Ventricular Filling

Ventricle begins to fill with blood.
LV volume increases rapidly

AV (mitral valve) opens
(S3)

LVP falls < LA pressure

G. Reduced Ventricular Filling
(Diastasis)

iU’s the final portion of ventricular
filling, which occurs at a slower
rate than in the previous phase




Important slide

Summary of cardiac cycle

Male’s slide

AV valves Semilunar valves Status of ventricles and atria

e  Whole heart is relaxed

[y bl Open . Ventricles are expanding and filling
Atria contract and pump blood
trial systol @) Closed

Atrial systole pen ke Additional 10-40% filling of ventricles

Isovolumetric erntl'iculal‘ Closed Closed ° Ventri.cular myocytes begin to contract
contraction e  Ventricle volume unchanged
. . . Ventricles fully contract
Ventricular ejection Closed Open y

Pump blood to rest of body

Ventricles relax
Closed Closed e Ventricles volume unchanged
Atria expand & are filling

Isovolumetric ventricular
relaxation




Event of cardiac cycle

Atrial Systole Isovolumetric Ventricular Contraction Rapid Ventricular Ejection Reduced Ventricular Ejection
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23 volume of atria
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Isovolumetric Ventricular Relaxation Rapid Ventricular Filling Reduced Ventricular Filling (Diastasis)
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AV valves are open in phase (A,F,G)

SM valves are open in phase ( C,D)

All valves are closed in ( B,E) Special thank to : khalid alsobei
Av and SM valves are never both open.



Duration of cardiac cycle

systole Diastole Total
Atrial 0.1 Sec 0.7 sec 0.8 sec
Ventricle 0.3 sec 0.5 sec 0.8 sec

Isovolumetric contraction of ventricles: 0.05 sec

Maximum ejection phase: 0.112 sec
Reduced ejection phase: 0.141 sec

= 0.303 sec

Protodiastole: 0.033 sec
Isovolumetric (isovolumic) relaxation: 0.071 sec
Rapid inflow: 0.110 sec
Reduced inflow: 0.161 sec
Atrial systole: 0.12 sec
= 0.495 Sec.

0.1

Important slide

Dr : Nagi wonderful
method to memorize it

________________

________________

_______________________________________________________________________________________________

________________

________________

0.7



Duration of cardiac cycle

I Heart Rate Heart Rate :

| 75/min 200/min I

| Duration, each cardiac cycle 0.80 0.30 :

1 Duration of systole 0.27 0.16 : (T~ ST LT T B
, ﬁ ' Dr: Nagi wonderful

I Duration of diastol 0.53 0.14 I

I uration or diastole : |\ ______ S ll—nlr!l—a!}_,__ __—/l

Increase in heart rate leads to decrease cycle duration , The duration of the i
action potential and the period of contraction (systole) also decrease, but not by
as great a percentage as does the relaxation phase (diastole). !


https://drive.google.com/file/d/1vTWDCoBYZpSJyvbKPnqAFvdHDPGDjPtn/view?usp=sharing

Important slide

EDV, ESV, and Stroke Volume Output

During diastole, filling of

ventricles increases During systole, the The remaining volume in Stroke Volume: The volume of
volume of ventricle to volume ejected is each ventricle blood ejected on one
110 - 120 ml. about 70 ml, this is about 40 to 50 ml . .
- ’ i - ventricular contraction,
this is called the called the stroke is called the end-systolic . . .
.. . : s £ SV = (end-diastolic volume) -
end-diastolic volume volume (SV) output. volume (ESV). )
(EDV). (end-systolic volume).

Note, by increasing the EDV and decreasing the ESV, the SV output can be increased.



Important slide

Ejection Fraction, and Cardiac Output

Cardiac output = Volume ejected per minute (mL/min) 5-7L

Cardiac output = Stroke volume x Heart rate

Ejection fraction: the fraction (%) of the end-diastolic volume that is ejected in one stroke
volume, (shows ventricular function).

Ejection fraction= Stroke volume / End-diastolic volume X100



SV, Ejection Fraction, and Cardiac Output

Exercise to memorise: A man has an EDV of 110 mL, an ESV volume of 40 mL, and a heart rate of 75
beats/min. What is his stroke volume, his cardiac output, and his ejection fraction?

Try to solve it by yourself:
Stroke volume =

Cardiac output=

Ejection fraction=

Normal ejection fraction is about 60 — 65 %. (might be 50-65%) Ejection fraction is
good index of ventricular function.

Answers :

Stroke volume = EDV — ESV = 110 - 40 = 7o0ml
Cardiac output= SV > HR = 70 X 75 = 5250 ml/min
Ejection fraction= SV / EDV X 100 = 70 /110 X 100 =
0.64 X100 = 64%



Pressure changes

The entry of blood into the arteries
causes the walls of these arteries to
stretch and the pressure to increase to
about 120 mm Hg

_____________________________________

80

60

|

40 -

Pressure (mm Hg)

Wave a: atrial contraction (increases }

pressure) il

Wave c : bulging of the A-V valves
backwards (due to increase in
pressure in ventricles), at beginning
of ventricular contraction

Heart sounds

Wave V: Results from slow flow of
blood into atria at end of ventricular
contraction.

Semilunar
valves close

Semilunar
valves open

Aortic pressure

C \Y

a Ventricular pressure

AV valves
AV valves opel

close /
\ Atrial pressure

Important slide

Incisura (dicrotic notch)
caused by backward flow of blood
immediately before closure of valve.

/

After Aortic valve has closed,
pressure in the aorta decreases

slowly throughout diastole to 8o
mm Hg (diastolic pressure).

| eI X~

~

/

1st 2nd 3rd
A AN
\V

“Lub” "Dub”

More explain next slide

Gl I a8l B

EXPLAIN


https://youtu.be/ksuKDJSq2uc
https://youtu.be/HCPPSOTRNEE

Pressure changes e

From 51:48

As ventricular pressure increases,
aortic valve start opening cause
ventricular pressure is higher than
aortic pressure.

When aortic pressure gets higher
than ventricular pressure, the
aortic valve closes.

Atria
Why does aortic pressure follow Ventriles

ventricular pressure? Due to the ’

movement of blood (SV) L [Formcame] /7T

L opens

When the aortic valve closes, the flow of
blood from the heart to the aorta
momentarily stops. This causes a brief
increase in pressure within the aorta. Once
the valve closes, the rebounding blood flow
creates a small pressure wave that travels
back up the aorta, leading to a momentary
increase in pressure, which we see as a bump
in the arterial pressure waveform. This bump
is the dicrotic notch.

Closure of AV valve
because ventricular
pressure became more
than atrium

Isovolumetric
Relaxation

Pressure (mm Hg)
o 8 8

AV valve
closes

oms 100ms 200 ms 300 ms 400 ms

AV valve opens
=

00 ms

Heart Sounds m— -’m/\-

The beginning of atrial contraction,
AV valve is open because Atrial
pressure is higher than ventricular Once the ventricular pressure is less than the

pressure atrial pressure, the AV valve will open and blood
will flow passively and the cycle repeats.


https://youtu.be/jVvQaqFOJpY?si=Vz9pj7zNE0If8M6r

@ Volume-Pressure Diagram (loop); Cardiac Work
Output During the Cardiac Cycle

Period of ejection

1207 Special thanks to
Rayan Alshehri for his
Phase IV (D) : Period of Korko e great explanation!
isovolumic relaxation. All valves 100 clos important!!!
are closed. Volume is constant but =
pressure is decreasing. E ] Aortic valve
p 80 opens
3
i oookarient — Phase III (C ): Period of
- / relaxation ejection. Volume is decreased.
&
3 Stroke volume . f=Isovolumetric
':.: > » contraction
”
£
$
- " . "
: : : 201 End-systolic End-diastolic
Phla 3 I(A).' Perloq of filling. volume  periodof  Volume~ g Phase II (B) : Period of isovolumic
7, » 1C INecreacino e Mitral valve filli i 1
YOUImE S MCTeasing. eng ] ) toses ¥~ contraction. All valves are closed.
s a 50 70 %0 110 130 Volume is constant but pressure is
Left ventricular volume (ml) increase (l .

What is point A? End-systolic pressure +Mitral valve open
What is point B?End- diastolic volume + Mitral valve close
What is point C? Aortic-valve opens

What is point D? Aortic-valve close

Calculate stroke volume? End-diastolic v- end-systolic v=7oml


https://youtu.be/N2Xo8wr14Yc?si=464jLdfJXseZNnPM
https://youtu.be/sYkNXYiFHDQ?si=flIB-i9-bmVegOsp

Concepts of Preload and Afterload of ventricle

Preload : the end-diastolic pressure when the
ventricle has become filled.

volume of blood after diastole that is
directly proportional amount of stretch
in ventricle

Afterload (Is bad): the pressure in the aorta
leading from the ventricle.

pressure that ventricle must
overcome to pump blood through
aorta

P

In many abnormal functional states of the heart or
circulation, the preload and afterload, or both are severely

altered from normal.. as shown :

w

Increased
webad
J

4
2

Increased

__ afterload

/
[

A. Increased preload:

: venous return »

| increase in SV based on

| relationship....reflected

the Frank-Starling

\

|
|
|
I 3
|
|

I in increased width of the :

|
\

PV loop.

S

B. Increased afterload:
due to an increase in
aortic pressure »
decrease in stroke
volume....is reflected in
decreased width of the
PV loop.

—_—_———— e ———— =

—_—_———— e ——— =

—_——ee e~

P

Increased
contractility
4
2
4

C. Increased
contractility: »
increased width &
height of the PV loop.
(Athletes)

~—— e



heart sounds and murmurs

Closing of valves causes audible sounds

Murmurs are abnormal sounds that occurs in:

Valvular disease.
Congenital heart disease.
Hyperdynamic circulation

||:>: backflow of blood from ventricles to atria during systole. ' I/ These valves, close

|
"] | passively (pressure
" Semilunar valves (aortic and pulmonary artery) pre;t;lt_ backflow from \I | gradients).

Listening with a stethoscope to a normal

heart, one hears “lub, dub, lub, dub”.

First heart sound (S1): ” The “lub” is associated with

closure of A-V valves at beginning of ventricular systole.

Second heart sound (S2) “dub” is associated with
closure of the semilunar (aortic and pulmonary) valves
at the end of ventricular systole.

No sounds occur when valves are open

Important slide
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Ly | - Adttic valve closes
0| e f = Isovolumic
> opens relaxation
g 7 Rapid inflow Atrial I
£ t vertricuar i Ejection rial systole
g Ll pressure IS°V°|U'T“C DlastaS|s
8 contraction \ \
& 40+
Mitral
valve
= m§ o Aortic Aortlc valve
= o il vaive 120 4 A0
od 2NN [ | valve N ‘ closes
B 100 9 opens o R S~ :
1 T S S ~ - Aortic pressure
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. g | A-v vaive A-V valve
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a 20 4 4 Atrial pressure
a_||c v
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Ventricular g0 =7 NT-- alcials Reoos Ventricular pressure
Volume £ 130 - B —
] E 90 - —1 Ventricular volume
LA ; 3 / R /
(=g — g =t Bl i
e i gV | i Electrocardiogram
J 1st 2nd |3rd e
1K
= L'— 4 k{#—r"i Phonocardiogram
Systole Diastole Systole
01 OIZ 0‘3 04 O'S 06 D‘7 08 ® @ % - N . o . .
Time fasconds) Figure 9-6 Events of the cardiac cycle for left ventricular function, showing changes in left atrial pressure, left ventricular pressure, aortic
pressure, ventricular volume, the electrocardiogram, and the phonocardiogram.

Figure 4-25 The caraiac cycle. The mechanical and electrical events that cocur during one cycke are
shown. Atrial systoie (A); sovolumetric ventricular contraction (8); rapid ventricular gjection (O; recuced
ventricuiar gjection (D0; Isovolumetric ventricuiar relaxation (£); rapid ventricular filing (F; reduced ven. 1 0|;
tricular filing (oastasis) (G).



Causes of heart sounds

The cause is vibration of the taut valves immediately after closure, along with vibration of the

(0

adjacent walls of the heart and major vessels around the heart.

Heart sound Occurs
S1 during
Isovolumetric
contraction
[sovolumetric
S2 relaxation
Early
ventricular
S3 filling
Atrial contraction
S4

Associated with

Closure of mitral and tricuspid
valves

Closure of aortic and pulmonary
valves

It is normal in children,
But in adults is associated with
ventricular dilation (e.g. ventricular
systolic failure), anemia

Associated with stiff, low compliant

ventricle (e.g.ventricular hypertrophy,
ischemic ventricle)

el G A Glagas

5

S1, S2 are the normal “lub” “dub”

HEAET SOUNDS

OOCUR CUE TO
VERATIONS PRODUCKD BY
VALVLLAR AZTIONS D
BLOOC ALOW 'WITHN
THE HEART

lSLI'

Vr’ v/ “'l |'f o
[_U ';’"‘\ I |

RTRIAL CONTRACTION
AND DECREASID VENTRICULAR

COVPURNCE DURMG LATE DIASTOLE



https://youtu.be/zNHI-l_c-ls?si=STpN24lRZxpDA1tg

Check here for our summary

7

Sorry but if you will not check it ¢ sl dlle <l


https://drive.google.com/file/d/1-5yLD6unsE2Hf-p33SY2vc12c14EKHmZ/view?usp=drivesdk

. /- Answers

For more question check our summary file!

__________________________________________________________________________________________________________________

NS ——

Closing of SM
valve

Opening of SM
valve

Closing of AV
valve

Opening of AV
valve

O]

__________________________________________________________________________________________________________________

Which phase of the cardiac cycle is responsible for 70% of blood ejection?

Reduced Ventricular
Ejection

Rapid Ventricular
Ejection

filling

»

During isovolumetric ventricular contraction, which of the following is true?

__________________________________________________________________________________________________________________

Volume increases

Ventricular
pressure falls

MV valve is open
And Av is closed

same while LVP

Volume remains the
increases




MCQS: @ Answers

For more question check our summary file!

4 _____________________________________________________________________________________________ \:
" What is the ventricular ejection fraction ? Use the pressure-volume diagram \ﬂ ;
[A 70% B 66.66% C | 62.62% D 76.1% 1
e RO RN SO T S 3
A 60-year-old woman comes to the emergency with 4.7L cardiac output, a ejection fraction 0.7,a EDVuio
i ml. What is her heart rate ?
[ AT B |61 G182 D |77 1
R R P B )
" Which event is associated with the second heart sound? :

[ A Closing of the A-V valves B Opening of the A-V valves (' [losing of the Aortic valve | ) Closing of the Aortic 1
valve




SAQ

Which phase has the highest and lowest Ventricular pressure and what is its
value ?

The ECG waves (P, QRS, T) correlate with which phases of the cardiac cycle ?

A patient has a resting heart rate of 82 beats/min , What is the cardiac output of
this patient?

200

What is the extent of diastole in the ventricular pressure-volume i |ﬂ
relationship?




_,\/\ SAQ

Write the cardiac cycle




Finally you have arrived , we have been waiting for you !!

Meet our team !

Team leaders

Rimaz Alhammad Noreen Almaraba

Rayan Alshehri Omar Albagami
Aljoharah Alyahya

Heroes of the lecture :

Abdulrahman almalki
Norah Albahily leena Shagrani

Did you like the lecture ? we mean our work :)



