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Objectives

1.Enumerate the phases of cardiac cycle

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

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

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

5.Compare and contrast left and right ventricular pressures and volumes during
the normal cardiac cycle

6.Describe atrial pressure waves & their relationship to cardiac cycle

7.Describe the use of the pressure-volume loop in describing the phases of the
cardiac cycle



Facts About Our Heart

*» Pumping is the main function of the heart.
“ Itis the size of a fist and weighs about 250 grams.
“ Inalifetime, it beats 3 billion times and pumps 110 million gallons of blood (2000 gallons/day.)

« Every day, your heart creates enough energy to drive a truck for 20 miles (32 km.) In a lifetime, that is equivalent to
driving to the moon and back.

«%»  Our heart has its own electrical impulse, it can continue to beat even when separated from the body, as long as it has an
adequate supply of oxygen.

“*  Heartis a double pump (right & left) that work together

« It has two circulations: systemic & pulmonary circulation which work together.
HEAD AND UPPER EXTREMITY
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Intracardiac Blood Circulation: Aorta

1- Oxygen-poor blood returns to the heart through superior vena cava & inferior vena cava to the PUlmGREL GFer]

right atrium Superior --

L
vena cava
2-Then it flows from right atrium to the right ventricle (tricuspid valve open to allow for that)
Right atrium —
3-The oxygen-poor blood pumped through pulmonary artery to the lung (pulmonary valve opened) 3 Pulmonary -

Left atrium

4-The lung refresh the blood which come from pulmonary artery with a new supply of oxygen then > Tricuspid - .
return it from the lung to the left atrium valve Mitral valve 5

Right ventricle — Aortic valve
5-The oxygen-rich blood now flows from left atrium to the left ventricle (mitral valve open to allow Inferior. Left

for that) vena cava ventricle
6-The oxygen-rich blood then pumped through the aorta to supply the tissues body (aortic valve

opened)
TRUNK AND LOWER EXTREMITY




Valves of The Hearts

Atrioventricular valves: Semilunar valves:
1. Tricuspid valve: between right atrium & right ventricle. 1. Pulmonary valve: between right ventricle & pulmonary artery.
2. Mitral valve: between left atrium & left ventricle. 2. Bortic valve: between left ventricle & aorta.

Functions of The Valves

healthy valve

% Valves allow blood to flow in only ONE direction.

pulmonary
artery
(to lungs)

[

diseased valve

7
0’0

Opening & closure of valves occur as a result of pressure gradient across the valve.
(high pressure against the valve = opening of valve)

7
0’0

When A-V valves open, semilunar valves close and vice versa. (They can never open at the same
time, but can close at the same time like in Isovolumetric phases, This is to prevent backflow of blood right

atrium

from aorta or pulmonary artery to their perspective Ventricle) triouspid

valve

right
o ventricle septum

% A-V cusps are held by chordae tendineae to muscular projections called “papillary muscles”.

This is to limit movements and eversions of the valves during ventricular systole. i.e. To hold it in
place/prevent inversion prolapse during systole (425 g (e gt e S Wl =), Have no role in opening
or closing the valves.



Definitions

End-Diastolic volume (EDV):

VVolume of blood in each ventricles at the end of diastole = 110-130 mL.

End-Systolic Volume (ESV):

Amount of blood left in each ventricles at the end of systole = 40-60 mL.

Stroke Volume (SV):
Amount of blood ejected from ventricles during systole = 70 mL/beat. N

It is Volume Of Blood Pumped out by each ventricle per beat.

SV = EDV - ESV
\So when SV decreases the ESV increases, because there will be more blood left in the ventricle. J

N

The percentage of EDV which is ejected with each stroke. It is a good index of ventricular function.
Normal ejection fraction is about 60 — 65 %.

SV or EDV-ESV
EF= X100

EDV

\ EF = (75 /120*100=62.5%) /




General Principles

Contraction of the heart generates pressure changes & results in orderly blood movement.
Blood flows from an area of high pressure to an area of low pressure.

Events are the same in the right & left sides of the heart, but with lower pressures in the right side

(pressure in the right side (ventricle)= to open pulmonary valve= 4-12mmgh, reaches 25mmhg )
(pressure in the left side(ventricle) = to open the aortic valve = 80mmhg, reaches 120mmhg)

Atrial & ventricular systole do not occur at same time, but their relaxation occurs at same time during

diastole of whole heart which lasts for 0.4 sec.

AV valves open when atrial pressure is higher than
ventricular pressure, and it closes when the reverse
happens.

Semilunar valves open when ventricular pressure is higher
than aortic and pulmonary pressure, and it closes when

the reverse happens.

The cycle is initiated with the firing of the SA node
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Cardiac cycle: the sequence of events that take place in the heart in each beat (from the

The Cardiac cycle

beginning of one heart beat to beginning of the next one).

Each cycle is initiated by depolarization of S-A node, followed by contraction of the atria.
The signal is transmitted to ventricles through A-V node & A-V bundle to cause ventricular

contraction.

Events of the Cardiac Cycle

> Mechanical Events:

1. Pressure changes during cardiac cycle
2. VVolume changes during cardiac cycle
3. Heart sounds

>  Electrical Events:

Electrocardiogram (ECG)

The 7 Phases of the Cardiac cycle

Considered '8’ phases if including 1st phase of diastole

*IVC: IsoVolumetric Contraction

Ivc*

(0.05s)

Rapid/Maximum
Ejection
(0.10 sec)

Reduced Ejection

(0.15 sec)

/

*IVR: IsoVolumetric Relaxation

IVR*

(0.06 s)

Atrial Diastole

(0.7 sec)

Rapid Filling

(0.11 sec)

Press
(mmHg

LV
Vol
(mL)

Sounds

120 —

o -
120 —

80 —

. Systole

Diastole

40
ECG

1
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(e

i T
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—~ LVP

-

7
- AP

\

~LVEDV

¥<—/|_\/ESV

/_-

S2> S3
B

T
0.4
Time (sec)

-isovolumetric contraction and relaxation have
the shortest duration.

-reduced filling has the longest duration.

Reduced Filling

(0.22 sec)

Atrial Systole
(0.11 sec)

Diastole of whole heart (0.4 sec)



Might help you memorize the
values from previous slide

Cardiac Cycle Duration

Ventricles (0.8)

Atrial (0.8)

Systole Diastole

Normally, diastole is longer > systole

atrial systole : 0.1

ventricle systole: 0.3 atrial diastole : 0.7

ventricle diastole : 0.5
But diastole of whole heart is : 0.4




Cardiac Cycle Duration/Time

% Cardiac Cycle Duration: the time required for one complete cardiac cycle.
% When heart rate (HR) is 75 beats/min, the time will be 0.8 Sec

Minute 60
Cardiac Cycle Time = = = 0.8 sec
HR 75
Cardiac cycle time and heart rate are proportional

Cardiac Cycle 0.8 sec (when HR is 75)

Atrial Cycle (0.8 sec) Ventricular Cycle (0.8 sec)
Atrial Systole Atrial Diastole Ventricular Systole Ventricular Diastole
(0.1 sec) + (0.7 sec) (0.3 sec) + (0.5 sec)

% (Cardiac cycle starts by systole of both atria (0.1 sec), then systole of both ventricles (0.3 sec), then diastole of whole heart
%  Diastole of whole heart is 0.4 sec

% Normally, diastole is longer than systole
Importance of long ventricular diastole:
1-Ventricular filling

2-Coronary blood flow



Male slide only Heart Rate & Cardiac Cycle

% The higher the heart rate, the lesser is duration of Cardiac cycle. However, the duration of systole is much more
fixed than that of diastole.

Physiologic and clinical implications of shortened diastole:

% The heart muscle rests during diastole. Coronary blood flows to the subendocardial portions of the left ventricle
only during diastole. Furthermore, most of the ventricular filling occurs in diastole.

% Up to about 180/min, filling is adequate as long as there is enough venous return, and cardiac output per minute
is increased by an increase in rate. However, at very high heart rates, filling may be compromised to such a
degree that cardiac output per minute falls.

Effect of Atrial Contraction on Ventricular Filling

) R— 3
Ventricular
volume

At rest, atrial contraction adds little extra blood to the ventricles.

Y
alRl1leau Bunsaul

. . . - . . Nentricular Diastole - Systolel Diastole
Whgn the he.art rate is high, ve.ntrlcle filling time is reduced. - Sra - e e o /
During exercise, atrial contraction adds a larger amount of blood to
the ventricles. .
Ventricular [ = = £
> Exercise

\entricular D S ID S I D S [
Atrial [sf o ]s| o [s|] o |




1-Atrial Systole (0.11 sec)

It occurs at the end of ventricular diastole (last ¥ of diastole)
25 % of blood passes to the ventricles.
Atria act as primer pumps & increase the ventricular pumping effectiveness as much as 20-25% [~~~ ~ |

Mechanical Events . . Ny gl o . ) Atrium
Because of the ventricles suction which responsible for 75% of blood movement. i Lo Al 5 oS s 59

AV valves still open (semilunar valves still closed) AV valves opened during rapid filling phase of ventricles R o Y s S

|

|

|

|

Valves: : Life threatening
_ _ : ole aalil o)

blood goes from atria to ventricles. |

Ventricular Volume 1 due to blood passage into ventricle.
Changes It reaches EDV 130 ml (remember the ventricle already filled with 75% passively during the ventricle diastole)
Atrial:

First 1 due to systole of atria.
Then | due to blood passage into ventricles
As the atrial pressures fall, the AV valves close and left ventricular volume is now maximum — EDV (120 ml in LV)
Ventricular:
First slightly 1 due to entry of blood from atria.
Then | due to dilatation of ventricles (for accommodation)
In both cases, it is less than atrial pressure (because once it's higher, AV valve will close)

Pressure Changes

S> S3
L

Sounds

RK '07

T
0.4 0.8

Time (sec)

Heart Sounds 4th heart sound heard due to 1-atrial contraction 2-Blood rush from atria to ventricles.
. Systole | Diastole
120, 1 2 3 _4 5 6 AP?
Left Atrial Pressure + Left Ventricular Pressure 7 I (LVP)
First 1 due to systole qf atria. ("'::::Eé) 60 — -~ LvP > Left Ventricular Pressure
Then | due to blood passage into ventricles. LAP
\-- afc lA ~
Before you study this 0— (LAP)
Left Atrial Pressure
part, check the boxes <= 120 — ~—HLVEDV
on the right side. Increased LV /_\ |
Left Ventricular End Diastolic Volume (\,f?ﬂ) 807 \ (LVEDV)
. . -— LVESV
due to blood passage into ventricle. 40 — A Left Ventricular End Diastolic Volume
It reaches the EDV 130 ml. ECG B
Sa4 S4q
|
0
0




. Ventricular systole ( 3 phases )

cardiac cycle i 4a e
Ciia Jal e DA Jeal o0 Y

Ventricular systole

First one: 2- Isovolumetric Contraction Phase (0.05 sec)

Mechanical Events

It occurs at beginning of ventricular systole.

atrial pressure > ventricular pressure = AV OPENS + semilunar CLOSES
atrial pressure < ventricular pressure = AV CLOSES + semilunar OPENS

. It contracts isometrically - Aortic valve ( semilunar)
: : Ventricular pressure
Starts with \Ventricle is a (tension develops without increases &%ecomes opens (after 0.6) at the
SA-\{Ivalve c||OSUre .”— closed chamber. chanzge mr:nutsclg length) higher than atrial pressure. —> eES of th|2 pggse w:en
(Semilunar valves sti no shortening, This causes the AV valves exceeds 80mmHg
closed) no emptying) to close And RV > 8mmHg .

Ventricular Volume
Changes

VVolume in ventricle still EDV (both valves closed: constant volume)

Pressure Changes

© Team 436: at the end of this phase, = Atrial pressure: 1 due to doming/bulging of closed AV cusps into atria.
: aortic (not atrial) pressure reaches its Ll 3 ) <50 V) Aalioe i &gl )L (55 (358 e cdinl Gallal) Culass

- minimum value which is 80 mme. Ventricular pressure : 1 suddenly (from 3 to 80 mmHg in LV).

Heart Sounds

1st heart sound heard due to 1- Sudden closure of A-V valves contraction, 2- Vibration of chordae tendinae of papillary muscles.

_ Systole | Diastole
1. 2 3 45 6 7
120 _iAP (LVP)
Left ventricular pressure - —_ / Left Ventricular pressure
suddenl N
f y (mmHg) °Y we —
_ LAP - (LAP)
o ;\i/K Left Atrial Pressure
Constant! \.
Left Ventricular end Diastolic volume 1207 .
y o Vol 80— > (LVEDV)
Isovolumetric mL Left Ventricular end Diastolic volume
(mL)
40 -~— LVESV
ECG A—L/\
S4 S4q Sz S3
Sounds |—# % = 1 —
T
0 0.4 0.8

Time (sec)



Ventricular systole (3 phases)

Second one: 3- Maximum (Rapid) Ejection Phase (0.10 sec)
[Duration 1/3] (2/3 or 70% blood is ejected)

B ) g Laila when LV exceeds 80mmHg (which is the aortic pressure) And RV > 8mmHg .
Contraction ejection / relaxation .
filling (AV valves still closed)
. Jilke slasa s £ sika plana Semilunar valves open at beginning of this phase (L) e el Joa s SIS il L e oy
Mechanical Events : . . . .
The ventricles contract isotonically (with shortening)
pushing or emptying most of blood (70%-75% of ventricular blood) into
aorta & pulmonary artery passively.
Ventricular Volume . . -
e | sharply due to shortening of ventricular wall and ejection of blood.
Atrial pressure:
Team 436: b h icl
-In this phase aortic (not atrial) pressure l ecause when ventricles contract,
reaches its maximum value which is also they pull fibrous AV ring with AV valves downward thus | atrial P.
Pressure Changes lﬁgnn:mHg (like LV) after aortic valve Liall il el 50 65 8 8 ) U ) 05 0
-IN THIS PHASE BLOOD GOING FROM LV TO Ventricular pressure:
AORTA > THAN BLOOD LEAVING AORTA TO reaches 120 mmHg in left Ventricle.
TISSUES.
Heart Sounds No sound (Any sound occurs in ejection phases it will be pathological conditions)
. Systole | Diastole
12 3 45 6 7
Left ventricular pressure ( LVP) 7 _LAP
1 reaches 120 mmHg in left V < - —~—— (LVP)
Press . Left Ventricular pressure
(mmHg) 80 7 Lve
LA:
Left atrial pressure ( LAP) 1l a e —
First | because when ventricles contract, &< 0= o \-—l (LAP)
they pull fibrous AV ring with AV valves downward Left Atrial Pressure
thus 120 — ~—+LVEDV
LV <
Vol 80 — \
. (mL) | — iy (LVEDV)
| sharply due to shortening of /ﬁ A Left Ventricular end Diastolic volume
ventricular wall and ejection of blood. ECG B
S4 Sq S S3
Sounds |—} — —
I
0 0.4 0.8
Time (sec)




Ventricular systole (3 phases)
Third one: 4- Reduced (slow) Ejection Phase (0.15 sec)

[Duration 2/3] (1/3 or 30% blood is ejected) s <seas

S8 Lgduay A aal)

Mechanical Events

The ventricles contract with less shortening than the previous phase and less blood is ejected (end of systole).
Almost (25% of ventricular blood ) is ejected, 25% of SV.

(Semilunar valves still opened That means the ejection of Stroke volume is:

. 75% of it ejected during maximum ejection
AV valves still closed) 25% of it ejected during reduced ejection

Ventricular Volume Changes

Continue | gradually till it reaches the end systolic volume (ESV=60 ml).
U5 Jnieaall Jid |y allay e 3 ol

Pressure Changes

Atrial pressure:

aomaatyls LS Still 1 gradually due to accumulation of venous blood.
atrial diastole — .
lede il L Ventricular pressure:
i | gradually (from 120 to 80 mmHg in LV), as volume of blood

leaving ventricles > the decrease in ventricular volume.
The pressure in the ventricle keeps decreasing until it becomes lower than that of the great vessels

Heart Sounds No sound
, Systole | Diastole
Left ventricular pressure 120 — . 1 >3 4'5 6 7
| gradually, as volume of blood P - 2 AP
leaving ventricles > the decrease in ventricular Il _ —~— (LVP)
volume X
Press I Left Ventricular pressure
(mmHg) 60 Lve P
. LAP
Left atrial pressure ( LAP) 1| afe | —
Still 1 gradually due to accumulation of |« = (LAP)
venous blood. Left Atrial Pressure
120 — ~—+LVEDV
L <
1 vol - 80 _.\ \
) conStan_t' ) (mL) 40 ~— LVESV (LVEDV)
Left Ventricular end Diastolic volume A Left Ventricular end Diastolic volume
“Isovolumetric” ECG T
S4 S4 Sy S3
Sounds [} i —
1
0 0.4 0.8

Time (sec)



Before Ventricular Diastole begins there is a phase called: protodiastole.

Then the ventricular relaxation (diastole) begins (4 phases).
First one: 5-lsovolumetric Relaxation Phase (0.06 sec)

Mechanical Events It occurs at the beginning of diastole.

Semilunar valves close at the beginning of phase because When ventricle pressure < arterial pressure— backflow of blood —

o Lif"‘/‘ml“ . forces semilunar valves to close.
ontraction/ relaxation .
Isovolumetric (A‘I Va|VES St'” CIOSEd)
pheisunll By E clubasl 5 For 0.06s The ventricles relax without changing their volume. (iso-volumetric)
Ventricular Volume Ventricular volume is constant at the ESV (60 ml).
Changes
s ye 2y Ua | i - Atrial pressure:
- atrial diastole Still 1 gradually due to atria fill up because of accumulation and of venous blood.
Pressure Changes lesle ot L A Ventricular pressure:
| rapidly (from 80 to 3-12 mmHg in LV), because the valves are closed & the relaxation is isometric.
Heart Sounds

2nd heart sound due to sudden closure of semilunar valves.

. Systole Diastole
Left ventricular pressure 1 2 3 4 5 6 7
120 —
| suddenly
Pressure in ventricle keep falling till it is < iy (_LV|P)
: t Ventricular pressure
atrial pressure Press _ €
P (mmHg) 60
Left Atrial Pressure 5
Still 1 gradually due to accumulation of venous (/0_ (LAP)
18 y Left Atrial Pressure
blood. 120 — ~LVEDV
LV — |
Vol 80 —
Constant! s (LVEDV)
i i 40 ~— LVESV Left Ventricular end
Left Ventricular end systolic volume = 60ml - _ :
" . Diastolic volume
Isovolumetric ECG —
Sa S4q Sz S3
Sounds |- -—4 —
1
0 04 0.8

Time (sec)



Ventricular relaxation/diastole (3 phases)

Second one: Maximum (Rapid) Filling Phase

Atrial pressure > ventricular pressure: 5L e
il ac o sia AV valves open. Ejection o Filling
AV valves (Semilunar valves still closed) ji,“;‘iﬂfn%";? :LL\
mﬁf@i&f‘r ;‘: ‘)Qj;ﬂ — = 60-70% of blood passes passively to the ventricles e I
Mechanical Events o5 5! laioa Lgd oSaa along pressure gradient. Aosri;ng:];i{r:oasslﬂfiﬁﬂ
Why passive? Because the Normal suction by ventricles,
TX 0 sl adll o s V) (bl e aaiad Jd Ll Jie
€ e S L |5 i Lia
60-70% : by maximum filling
<5% : by reduced filling (next slide)
Ventricular Volume Changes 1 because it is being filled with blood (remember AV valve opened!!)

Al 5 Alie clS 5am 5 (piath Led 4ish 5L Atrial pressure:

Jsl esa e Jaaalls sley Legns o20ld 5 dnila First sudden | due to rush of blood from atria to ventricles.

Lo by 5 (3801 o Lall A0 i) (i L Then gradually 1 due to entry of venous blood
Pressure Changes Lead I Aaidl) o Lay o I 590 i Tanals

- ia i ad e .
e ondagiedadd Ventricular pressure:

Slightly 1 but < atrial pressure (i Jis =1 2o iV e el Jlas )

Heart Sounds 3rd heart sound heard due to rush of blood into ventricles and vibration in ventricular wall.

. Systole Diastole

Left ventricular pressure 1204, ' 23, <% % ¢ AP7
Slightly 1 but < atrial pressure \ ~—_ (LVP)

b N Left Ventricular pressure
ress | e
(mmHg) 60
LAD

(LAP) Left Atrial Pressure -

First sudden | due to rushlof blood from - . iy (LAP)
atria to ventricles. — .
Then gradually 1 due to entry of Left Atrial Pressure
venous blood 120 — ~—+LVEDV

LV
Vol 80 —
(mL) (LVEDV)
| ~— LVESV

Left Ventricular end

1 because it is being filled with | __—*= A . Diastolic volume

ECG
blood e 8 S s,
Sounds [ — —

o
» O
S

0.8



Third One: Reduced (slow) Filling Phase (Diastasis)

middle 1/3 of diastole

Remaining atrial blood (= <5%) passes passively & slowly to the ventricle by pressure gradient.

MeEChaTcal (A-V valves still open

vents Semilunar valves: Still closed)

Ventricular Volume Still 1 due to entry of blood into ventricles.
Changes

Atrial pressure:
Still 1 gradually due to continuous
venous return.
Ventricular pressure:
Slightly 1 gradually because the
increase in volume is less than the entering blood.

Pressure Changes

Heart Sounds -
. Systole Diastole
120—, 1 23 _45 6 AP7
P
Left ventricular pressure ] _
Slightly 1 gradually because the \ I
increase in volume is less than the entering blood. Press ~ - VP (LvP)
60 .
(mmHg) Left Ventricular pressure
LA
1l ake -
(LAP) 0 -
Left Atrial Pressure Still 1 gradually due to [« : (LAP)
) 120 — ~—HLVEDV Left Atrial Pressure
continuous venous return. ——
LV —
Vol 80 —
(ml) ﬂE <— LVESV
Constant: 0= - Left V(eLthEi[c)L\J/I)ar end
Left Ventricular end Diastolic volume ECG T Diastolic volume
“Isovolumetric” S4 S1 S2 Ss3
[ |
Sounds l 1 =
T
0 0.4 0.8

Time (sec)




Pressure and Volume Changes During Cardiac Cycle

. First slightly 1 Entry of blood from atria
1-Atrial systole Then | Dilatation of ventricles MEDV 130mi)
2-|sovo||:|metrlc 1 Suddenly (B0OmmHg) All valves are closed and contraction is isovolumetric Constant
Contraction
3-Maximum Ejection 1 Sharply (120mmHg) Shortening of the ventricular wall and ejection of blood | | Rapidly
« s Volume of blood leaving ventricles > the decrease in
4-Reduced Ejection | Gradually (80mmHg) Ventricular volume | Slowly (ESV 60ml)

5-Isovolumic Relaxation | Rapidly All valves are closed and relaxation is isovolumetric Constant

g p— Slightly 1 but < atrial . .
6-Rapid Filling oressure Entry of blood from atria 1 Rapidly
7-Reduced filling slightly/gradually 1 Entry of blood from atria 1 Gradually

Isovolumic
relaxation

- : Rapid inflow Atrial tol
Isovolumic Ejection > ) rial systole
Diastasis
contraction \ \ / / /
. [
Aortic valve
/ closes S

- o A 2
G O =~ — — Aortic pressure

120 —
100 H
80 H
60 —
40 -

A-V valve
opens
Atrial pressure
‘ / a - & / P

Volume (ml)  Pressure (mm Hg)

20
b :] _____ = T~ fR===="ventricular pressure
130 — icu pPr u
L .
20 - Ventricular volume
R
50 - e
re) T Electrocardiogram

1st 2nd 3rd s

M“’ w A hv‘v" Al Phonocardiogram

Systole Diastole Systole




Pressure changes in cardiac cycle

Normal range

Location :
Systole Diastole
RT Atrium 2-8,7 mmHg
LT Atrium 2-10 mmHg
4-12 mmHg
Pulmonary Artery 25-30 mmHg 10 mmHg
RT Ventricle 25-30 mmHg 2-8 mmHg
|
LT Ventricle 100-120 mmHg 3or2-12mmHg
[ Ra J\ J\ Lungs ™ p | e
0.8 15-30 15-30 © PCW 210 100-140~~100-140
120 mmHg 80 mmHg - T 2-8 T 4-12 | 2-10 T 3-12 - 60-90




Descending /
Catacrotic Limb

. e STOLIC PRESSURE
Rortic Pressure Changes (Curve) -] S
L 4
13 3
E
A) Ascending or Anacrotic Limb uf 4
With the ‘rapid ejection phase’ § Ve
Aortic pressure 1 up to 120 mmHg 2 DICROTIC
(8 50 (g puaall amty )y 81 e o By 208 W 2l Y 203 1) NOTCH
o
a
l Ascending 8
/Rnacrotic Limb -
@
NIASTON IC PRESSIIRE
B) Descending or Catacrotic Limb . Systole ~ Diastole
Passes in 4 stages: 420—.1 2 3 _45 6 7

1. | Aortic Pressure
With ‘reduced ejection phase!
Amount of blood amount leaves aorta > enters

2. Dicrotic Notch (Incisura)
Sudden drop in aortic pressure. Due to closure of aortic valve.
This notch is seen in the aortic pressure curve at end of ventricular systole

3. Dicrotic Wave
Slight 1 in aortic pressure. Due to elastic recoil of the aorta.

4. Slow | Aortic Pressure
Down to 80 mmHg. Due to continued flow of blood from aorta into systemic circulation

S4 Sq S> S3
Sounds |——} i —1 i —
L. . . . 1
Pulmonary artery pressure changes are similar to the aortic pressure changes [Magnitude 3-4 times Less]. 0 0.4 0.8

Normal pulmonary artery pressure during the cardiac cycle = 25-30/4-12 mmHg Time (sec)

Why is aortic pressure higher than ventricular pressure during diastole?
Because during ventricular contraction, the aorta stores energy by stretching (pressure reservoir).
During ventricular diastole, the aorta releases this pressure to maintain blood flow to the body.



Atrial Pressure Changes In The Cardiac Cycle

. Systole Diastole
1 2 3 4 5 6 7
: AP

\

Atrial pressure results in:

0.

% 3 Upward Deflections(waves): a, c, & v waves
2 components in each wave:
+ve (tarterial pressure), -ve ( arterial| pressure)

Sz

HLVEDV

=
% 2 Downward deflections(waves): > Q
’ \ ~——
. awave x descent v wave y descent S4 S1 i SZ S3
The 3 wave (a, ¢, & v) are equal to ONE cardiac cycle = 0.8 S€C  swcommion  avsmstonven  veroumtins,  avessmpryos. | —f—J) —
tricuspid valve open ﬂll‘l’:’g;s!r‘:tl:‘t’.l:;d ";:i:‘l:dt:nl::ed tricuspid open T RK '07
o 0.4 0.8

Time (sec)

a wave +ve due to atrial systole
Atrial systole -ve due to blood passage into ventricles.

+ve: as a result of bulging of AV valve into the atria during ‘isovolumetric contraction phase’
c wave (cusp)

Ventricular systole -ve: as a result of pulling of the atrial muscle & AV cusps down during ‘rapid ejection phase’, resulting in | atrial pressure
(when ventricles contract, they pull fibrous AV ring with AV valves downward)

‘x" descent Downward displacement of AV valves during ‘reduced ejection phase’
v wave (venous return) +ve: due to venous return during atrial diastole.
Atrial diastole -ve: due to entry of blood into ventricles during ‘rapid filling phase!

'y’ descent 1] atrial pressure due to entry of blood into ventricles during ‘reduced filling phase!




Abnormalities of a wave

The abnormality Description

B. Tﬂcusmd Stenosis Decreased ventricular compliance:

Elevated “a” wave % ventricular failure
(Tricuspid stenosis) A

% pulmonic valve stenosis
/\/"\ % pulmonary hypertension

Atrial-ventricular asynchrony (atria contract against a

Cannon “a” wave closed tricuspid valve):

Atria and the ventricle G Comph‘e AV BIOCk X3 Complete heart block

contract In irregular manner o . . .
(6830 o b s (on ) ¢ ) % following premature ventricular contraction

% during ventricular tachycardia
% with ventricular pacemaker

E. Atrial Fibrillation
T < Atrial fibrillation

Absent “a” wave «»  Atria flutter




In Girls' slides only

Arterial Pressure Changes

Similar to aortic pressure waves, but sharper.
Reflects a systolic peak pressure of 110-130 mmHg & a diastolic pressure

of 70-85 mmHg.

Pulse pressure= systolic P - Diastolic P

In Girls"sices only Jugular Vein Pulse Changes

Similar recordings of transmitted delayed atrial waves:

e 3upwardwaves:a, c, &V
e 2downward waves: x &y
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Fressure (mmHg)
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Jugular
venous
pressure

Carotid
pressure



ECG Changes

Electrical impulse always shows before mechanical (contraction).

Phase ECG Changes

1-Atrial Systole

P- wave starts 0.02 sec before atrial systole & continues.
Q- wave occurs at the end of this phase.

2-lsovolumetric Contraction

Q- wave starts 0.02 sec. before this phase.
R & S- waves occur during it.

3-Maximum Ejection

T- wave starts at the last part of it.

4-Reduced Ejection

T- wave continues

5-Isovolumic Relaxation

T- wave ends

6-Rapid filling

T-P segment.

7-Reduced filling

P- wave of the next cycle starts at the end of this phase.

120 —

Press
(mmHg) 60

(V=

120 —

LV
Vol 80
(mL)

40 -
ECG

Sounds

, Systole Diastole
12 3 45 6 7
AP
\
<~ LVP
LAD
afc l v

S4 S1 So S3
= % r = RK'07
1
0 0.4

Time (sec)

0.8



Only in female slides

Basic Myocardial Muscle Mechanics

Ventricular phases

Systole Diastole
Early Systole: Isovolumetric contraction Early Diastole: Isovolumetric relaxation
Late Systole: Isotonic contraction “Ejection Phase” Late Diastole: Isotonic relaxation “Filling Phase"accurately
accurately : reduced ejection phase : reduced filling phase

Left Ventricular Pressure - Volume Diagram (loop)

% The "volume-pressure diagram” demonstrate the relationship between changes in intraventricular volume and pressure during the normal
cardiac cycle (diastole and systole).

% (Can be used to determine EW = net external work and PE = potential energy

%  Plots LV pressure against LV volume through one complete cardiac cycle

.. . . . . Late Systole
< Itis divided into four phases discussed in the next slide (Ejediozphase)
120}
—_ _ Pressure D
£ 300 Systolic pressure (mmHg)
E 250 - 8o} c
o
@ 200 -{Isovolumic Early Diastole v Stroke ok
8 relaxation (Isovolumetric IEarIy'SystoIe
. — . sovolumetric
::- 150 / Period of ejection relaxation)4o | (Contraction)
‘E 1 Isovolumic
-dE, 100 contraction
EW
5 50 - Y / o =l 2 -
b= 1 Diastolic Late Diastole 140
PE pressure Volume
§ 0 1 I 1 1 ] | (mls)
0 507 100 150 200 250 (Filling phase)

Period of filling”  Left ventricular volume (ml) ESV EDV




Left Ventricular Pressure - Volume Loop

. Phase Ill (Ejection phase):
. - Systolic pressure rises (from 80 to 120 mmHg).

- The volume of the ventricle decreases because blood flows out of
. the ventricle into the aorta.

Period of ejection

1207

Aortic valve
100 closes

©
o
1

. Phase IV (Isovolumic relaxation phase):

. - At the end of ejection period (point D), the aortic
. valve closes

- - Ventricular pressure falls back to the diastolic

. pressure level.

. - The ventricle returns to its starting point

: (pOInt A) : 20 End-systolic End-diastolic

: ; volume  pgriogof  VOlUme~ g

e e e e 5 Mitral valve J/ fi"ingl )Mitral valve
open/s} closes

0 7/ T T T T T
0 50 70 90 110 130

Left ventricular volume (ml)

Isovolumetric : . . .
// relaxation - Phase Il (isovolumic contraction phase):
i - The volume of the ventricle does not change.
Stroke volume ~—Isovolumetric : ) . .
contraction : - Ventricular pressure rises to about 80 mm Hg (point

. Q).

A
Y

Left intraventricular pressure (mm Hg)
S D
o o
1 1

: Phase I (filling phase) (Late diastole):

. - Begins at point A where:

. VVentricular volume is about 70 ml (the amount of blood that remains in the ventricle,

. the (ESV) Diastolic pressure is 2 to 3 mm Hg

: - Ends at point B where the ventricular volume normally increases to 140 milliliters (EDV)



What you should remember about Pressure - Volume loop?

Phase
a b c d a
l‘\,o;‘tic Aaortic
. alve Valve
% Diastolic filling occurs between points A & B. 100-{ O°ening | |/ 7NATT Closing
o . . ; % :g v:'{z Mitral
% Ejection occurs between points C &D. = Slosiey Vaive
~— \,A /Openlng
0 -
% Mitral valve open at the beginning of filling phase (point A) S = 100- "Q"‘ i
: . S E sl Bl
and close at its end (point B) 2= ESV
Time
< Aortic valves open at the beginning of ejection phase (point C) and —
close at its end (point D) e

Pressure
(mmHg)

sof

Early Diastole

(Isovolumetric
relaxation)

Early Systole
(Isovolumetric
Contraction)

40|

70 Late Diastole 120
Volume
T o 1‘
(Filling phase)

Importance of Ventricular Volume-Pressure Loop

«%» This diagram is used for calculating cardiac work output.
The shaded area, labeled "EW" represents the net external work output (not cardiac output) of the ventricle during cardiac cycle.

When the heart pumps large quantities of blood, the area of the work diagram becomes much larger. As during sympathetic
stimulation.




Effects of changes in (A) preload, (B) afterload, and (C) contractility on the
Ventricular Volume-Pressure Loop*

Increased preload

% A. Increased preload: — increased width of the PV loop
& % Referstoan tin EDV and is the result of 1 VR
§ X > % Causes an 1 in SV based on the Frank-Starling relationship.
3 .
A Left ventricular volume

Increased afterload

B. Increased afterload: —decreased width & increased height of the PV loop

7

%  Refers toan 1 in aortic pressure.

% The ventricle must eject blood against a higher pressure, resulting in | in SV, resulting in
§ an 1in ESV.

4

B Left ventricular volume

Increased contractility

: C. Increased contractility (cx: sympathetic stimulation):—increased width & height of the PV
F ' loop.
3

5 % The ventricle develops greater tension than usual during systole, causing an 1 in SV,
resultingina | in ESV.

4

C Left ventricular volume

*Refer to CO & SV Lecture for better understanding



Quiz:

6- At which point of the PV loop does the aortic valve close?

1-in which of the cardiac cycle phases the ventricular volume A) Point A

doesn’t remain constant? B) Point B

A) Atrial systole C) Point C

B) Protodiastolic D) Point D

C) Isometric Relaxation

D) Isometric contraction 7- What happens at point B — C of the PV loop?

A) filling phase
2-what is the reason of the mild elevation of aortic pressure during B) isovolumic contraction phase

the dicrotic wave of catacrotic limb? C) Ejection phase
A) blood flow to aorta D) Isovolumic relaxation phase
B) elastic recoil of the aorta
C) closure of aortic valve 8- what causes increased width & height of the PV loop?
D) blood flow from aorta A) Increased preload
B) Increased afterload
3- At which phase of the cardiac cycle the Aortic notch appears? C) Increased Contractility
A) Isovolumetric contraction D) Increased Conduction
B) Isovolumetric relaxation
C) Slow ejection 9-Which of the following events occurs at the end of the period
D) B&C of ventricular ejection?
A) A-V/ valves close
4- In which Atrial pressure wave the systole starts? B) Aortic valve opens
A) The beginning of c wave C) Aortic valve remains open
B) The end of a wave D) Pulmonary valve closes
C) The beginning of v wave
D) A&B 10- Which of the following phases of the cardiac cycle follows
immediately after the beginning of the QRS
5- a wave is followed by which wave in ECG? A) Isovolumic contraction
A) p wave B) Ventricular ejection
B) T wave C) Atrial systole
C) QRS complex D) Diastasis

D) A&B



____________________________________________________________________________________________________________________________________________________

1- mention THREE conditions that can be associated with elevated ‘a’ wave.
2- what is the importance of the LV pressure - Volume loop?

3-mention the phase of each heart sound

- A1: ventricular failure, pulmonic valve stenosis, or pulmonary hypertension
- A2:it is used for calculating cardiac work output.

- A3: S1slsovolumetric contraction phase S2> Isovolumetric Relaxation Phase S3>MAXIMUM (rapid) filling phase S4>atrial systole
phase
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