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The heart contracts and relaxes rhythmically.
ot .. ©
. The heart is relaxed. ‘\r
Ca rdlac CyC|e S the time AV valves areopene|p|. | ﬁ 2,

for performing of one systole NS
and one diastole. §Z"
) |

HR=75/min; CC=0,8s

Atria contract.

systole

The ventricles

contract.
Semilunar

> valves are

opened.

diastole

1 systole + 1 diastole = cardiac cycle



Contraction of ventricles

» ventricles have circular and spiral muscle fiber layers
v'contraction of spiral layer causes shortening of their length

vcontraction of circular layer causes shortening of their diameter

<+ contraction of both ventricles begins from the apex and goes to the basis
that ensures movement of the blood to semilunar valves

———+f

Right ventricle [ Left ventricle
The free wall moves toward septum.

The free wall shortens. The septum moves toward free wall. Chamber constricts.




The pump function of the heart

WO SU ected pumps

O the hear
right ventricle pumps venous blood into the lungs

»left ventricle pumps oxygenated blood into systemic circulation




The valves of'the heart
O the function of the valves is to ensure one way successive blood flow

>»they open or close under influence of the pressure on the both side

% atrio-ventricular valves:

vmitral (bicuspid)

IO

s+ semilunar valves:

vaortic



The valves during the diastole I '

MITrai(IemAy), or
Transverse section bicuspid,valve Transverse section

The valves during the systole

Tricuspid Fl::lms Mitral (leftAV),
skeleton or bicuspid,
Lk e -y valve(closed)

Aortic

semilunar Aortic
valve (closed) semilunar
valve(open)
Tricuspidvalve
(open) Pulmonary
semilunar Pulmonary
valve(closed) semilunar
valve(open)
muscles contracted, es relaxed

(a) SYSTC

Mitral ) sgeee o Mitral

valve valve open
closed
Aorta
Left
tense ventricle 3 —_—
contractec ~ ef
Papillary ventricle

muscles dilated
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Phases of cardiac cycle
s a axed. The blood from bi

ricles through atria and fills them. The pressure and the volume of the ventricles

“increase.
phase 2. atrial contraction: the ventricles are additionally filed with blood (20-30%) and

fows into the

their volume riches maximal value.

phase 1

__Dicrotic
- notch

- | Mitral
| valve

Mitral
valve
opens

During these 2 phases ot ventricular filling:
P _<P_-AVvalves are opened Sk —
P < P — semilunar valves are closed. e Fesqimcion NN isssion

volumetric Ventricular

filling



ovolumetric contraction of ventricles

egins with closer of AVvalves - P, > P_

-

»Semilunar valves also are closed, because P <P, . and the volume of ventricles
remains the same independently of the pressure caflange.

and semilunar valves open.

_Aorta

»It lasts to the moment when P >P_ .

Dicrotic
notch

3 Isovolumetric
ventricular
contraction

Mitral Aortic
valve [ valve
closes - closes

Aortic Mitral
valve valve
opens

Left P opens

ventricle ! |
et Lett

atrium__

Ventricular Isovolumetric Ventricular Isovolumetric Ventricular
filling contraction ejection relaxation filling



Phase4. ventricular ejection

“vrapid ejection- P, > P, . and the blood enters arteries with high velocity. The
pressure of ventricles and 11arge arteries increases, reaching the maximal value to
the end of this period. The volume of the ventricles suddenly decreases.

v'slow ejection- the pressure of ventricles and arteries begins to decrease and

P_..>P,, but the blood flows under inertion.
B —
7
_Aorta L)

art

_ Dicrotic
i notch

Mitral b Aortic
valve : valve
closes closes
Aortic N Mitral
valve 8 valve
opens — = opens
Left P i

ventricle

Left
atrium__

Ventricular Isovolumetric Ventricular Isovolumetric Ventricular
filling contraction ejection reiaxation filling

During this phase: P_> P_ - AV valves are closed
P > P_ . -semilunar valves are opened, but at the end gradient turns



Phase 5. Isovolumetric relaxation

n of the walls P <I

_ Dicrotic
notch

5 Isovolumetric
ventricular

X Aorta
relaxation o

Mitral Aortic

valve valve

closes closes
Aortic Mitral
valve valve
opens opens

Left = P

ventricle ! |
S Left
atrium__

ety -

- /
> |

Ventricular Isovolumetric Ventricular Isovolumetric Ventricular

filling contraction ejection relaxation filling

P., > P, - AV valves are closed
v
PP o semilunar valves also are closed



muscles

v'slow filling- the pressure of the ventricles increases, because of decreased compliance

illing- begins with opening of AV, whenP <P, . The volume of the ventricles
“increases rapidly, but their pressure lasts to drop, because of lasting relaxation of the

with increase of the volume

Pressure (mmHg)

Left ventricular volume (mi)

QRS

'! ECG

2d

Heart sounds

SO -
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1stT“
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Aortic pressure

- Left atrial pressure

— End-diastolic
volume

ﬂ Left ventricular pressure

Left ventricuiar volume

End-
65 - systolic
volume
Open SRS Position of AV Vvalves
[ Open = I | = Position of aortic and
"""" = = pulmonary valves
Diastole Systole Diastole .
Phase of cardiac cycle
1 = 5 4l 1
T = Ventricular filling
2 = Isovolumetric ventricular contraction

2 = Ventricular ejection
4 = Isovolumetric ventricular relaxation




Late diastole—both sets of
chambers relaxed. Passive
ventricular filling.

Cardiac cycle — EB@

Isovolumic ventricular

relaxatlon—as ventricles relax

gressuro In ventricles drops,
lood flows back into cups of

semllunar valves and

snaps them closed.

Atrial systole—

atrial contraction forces
a small amount of
additional blood into
ventricles.

EDV = end-diastolic volume.

The maximum amount of blood

in ventricles occurs at the end of
ventrlcular relaxation. EDV =135 m

ESV = end-systolic volum§ Q

or minimum amount of blo ‘ e
in ventricles. ESV =65 mL

Ventricular ejection—
as ventricular pressure
:‘Istehs and exceetgs pres'?ure = '
n the arteries, the semilunar
: of ventricular contraction pushes AV valves
valves open and blood is ejected. closed but does not createp enough pressure
to open semilunar valves.
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Pressure (mmHg)

Left ventricular volume (ml)

110

50

130

85

ECG

Heart sounds

r____/"

_— End-diastolic
volume

Aortic pressure

- Left atrial pressure
Left ventricular pressure

Left ventricuiar volume

Position of AV Valves
Position of aortic and

Phase of cardiac cycle

End-
Fib ~_ systolic
= volume
Open Open
= Open ~
Diastole | Systole Diastole
1 2 3 4 1

} pulmonary valves

1 = Ventricular filling

2 = Isovolumetric ventricular contraction
2 = Ventricular ejection

4 = Isovolumetric ventricular relaxation



Heart sounds
We can-hear always 2 heart sounds.

»First (S1) — systolic
» Second (S2) — diastolic
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We may register S3 or S4 heart sounds.



NMORMAL CARDIAC CYCLE

PHYSIOLOGIC SPLITTING OF S2

E: ration . Inspiration . E: ration
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I 1 st : 2nd 3rd Atrial
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: 1 Aortic stenosis :
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Mitral stenosis

| Patent ductus arteriosus

Diastole | Diastole | Systole



Heart volumes

v‘end diastolic volume = 120-140 ml|

v’end systolic volume =50-65 ml|

v'stroke volume = 70 ml

v'cardiac output = 4-6 |/min; av. 5,25 |/min

O The stroke volume of both ventricles must equal!!!
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Cardiac output depends on:
v'age
v sex
v'body surface area
v physical activity
> cardiacindex=co:BSA  ~31/min/m?
< Cl decreases with aging after 10 years of age.
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Factors on which stroke volume depends :

v preload - ventricular filling

v afterload - resistance of big vessels
v' ventricular contractility

Resistance to
flow—afterload

Preload




‘*Preload depends on:

Right

T ventricular + Ventricular

Compliance

. -+
T wenous

Pressure
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Factors on which cardiac output depends
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Stroke volume

Cardiac ocoutput

100 150 200

Heart rate (beats/min)

» Stroke volume decreases during increased heart rate.

»Cardiac output increases during increase of heart rate from 50 to 100 b/min.
»After that remains relatively constant and decreases when HR is higher than
200 b/min.



U During exercises cardiac output increases 5 (7) times:
\/THR ;. max HR= 220 — age

v ﬁ:ontractility

Cardiac ouput (L/min)

201

—
O
1

Cardiac output

Stroke volume

F2OO

T
($4
o

I
o
o

Stroke vol (ml/beat)
Heart rate (beats/min)

1
(8]
o

Work load

sympathefic stimulation

extemnal pacamaokel




Functional curves of the heart

> They connect pump function of the heart with the peripheral
factors determining the return of the blood to the heart.

< The venous return is the main factor that determines EDV!!!

Atrial Input Ventricular Output> Cardiac
Pressure Output
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Stimulated hea
(+ inotropic
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Failing heart

4 6
Central venous pressure mm Hg




v'ejection of the stroke volume against the pressure (Ws)

vKinetic work(Wk)
Wl( = 1/2 mVZ
Wtotal P.V + %2 mV>
B WORK DURING
DIASTOLE
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Left ventricular volume
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d The external work of left ventricle is 5 times greater than this of
right ventricle, because 5 time greater is its tension during the
systole.

Left
wventricle

\

Emptying

Isometric
contraction

Isometric
relaxation

Right ventricle

*

==

‘F
Eilllings ————»—

100 150
Volume (ml)




4 Durmg one the same external work the heart uses much energ)

Yolume (ml)




Myocardial metabolism

F osphorilation of:
: ty acids 60%
vglucose, lactic acid - 35-40%

>the heart has high oxygen consumption(OC)

Cardiac State MYOZ Organ O Congumption
(ml O,/min per 100g) (ml O,/min per 100g)
Brain 3
Arrested heart 5
Kidney 5
Resting heart 8 Skin 0.2
rate
Resting 1
muscle
Heavy exercise 70
Contracting 50

muscle



Autoregulation =

Q It ensures adaptation of the heart to the changes oﬂ{modynamic
“conditions without participation of extracardial factors.

2 mechanisms:

> heterometric (law of Frank - Starling)

Eré’[r) \'/r;igger's when the length of myocytes is changed before start of contractio

<+ It ensures stronger than normally contraction to decrease EDV.

»homeometric
= It triggers without change of the length of myocytes:

v'change of HR- effect of Bowditch

v increased afterload effect of Anrep

<+ It ensures stronger than normally contraction during increased HR and
arterial pressure



Heterometric autoregulation

200
250 _1
200 Systole ?
o
£
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50
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/ 100 200 300 400
o
o SO 100 150 200

End-diastolic ventricular volume (ml)
End-diastolic volume

» Increased EDV lengthens the cardiomyocytes and this leads to:

v increased sensitivity of troponin C to Ca?* and increased rate of formation
and splitting of cross bridges between myosin and actin.



Homeometric autoregulation
O effect of Bowditch

& Mylocar'dium develops higher tension with shortening of interval between
stimuli.

= it is due to increase of [Ca?*];

Tension (g)

R - . -
8 10 1.6 32 &3 10 20 45 90 180 300

=
=
o
—_
=
o
=
=
=9
(o]
()

50 100 150 200
Time (msec)

Q Mechanism of Frank and Starling makes improvement of SV.



Extracardial control on heart performance
O It is nervo

: Nervous regulation
» Parasympathicus -n.vagus

vfight n.vagus -> SA node vleft n.vagus - AV node
» atria are innervated by the n. vagus, but ventricles are not

» sympathicus - from upper thoracic segments of spinal cord

< sympathicus innervates whole heart

/ Sympathetic chains\

Dorsal motor nucleus of vagus
> Cardioinhibitory center

¥Thoraclc spinal cord
Sympathetic trunk

Py

/)

\‘- S A “ S h Key:
Sympathgtic . ‘ sympathetic Bl Parasympathetic
\ \ i 4 fibers
nenves (Anode ‘Q nerves P —
7, [[] Interneurons
N NE Oy » -
A node

—

. . Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cumnmings



Effects of parasympathicus
rapid

Effects of sympathic

time lasting long time lasting

Chronotropic effect

Negative positive
Dromotropic effect
Negative positive
: . Inotropic . .
Negative : on the atria . positive: on the atria and
venticules
Lusitropic

Negative positive




(1 Cyclic changes of the tone of the nerves of autonomic
nervous-system during respiration cause respiratory arrhythmia.

s nerve
activity

> The tone of vagus decreases
during inspiration and
sympathicus tone increases.

activity

HR increases during inspiration
and decreases during expiration.




W: Ta)
~—v Acetylcholine binds to M, choline receptors.

v'"M, receptors are connected with G protein, its By-subunits open K channels

(GIRK).

ACh
! [ '\ GIRK

In

Out

% Hyperpolarization of cell membrane slows down diastolic depolarization.



 Mechanism of action of Acetylcholine on SA node=—

~ » M; receptors through Gq; inhibit adenylate cyclase -> chMP ->
lacﬁvity of non selective cation channels, responsible for I,

Adenylate cyclase

=t

Pacemaker Channel
(HCNg4)

v This slows down depolarization and decreases HR

% Strong vagus stimulation can completely stop generation of AP by SA node!!!



ICc effect of Sympathic

“»NA and A bound with p; adrenoreceptors of SA node

P agonist Adenylate cyclase

/

Out

In

Pacemaker Channel
(HCNy)

v activation of G protein stimulates adenylate cyclase

vCAMP activates non selective cation channels responsible for If

vcAMP activates PKA -> phosphorilation of Ca channels, participating in
generation of AP

» this accelerates depolarization and HR increases

-Receptor
j Recep ATP



The tone of autonomic nervous system nerves on the heart is
changed-under the influence of-the other NC, situated at
medulla oblongata, hypothalamus and brain cortex.

igher

l

Hypothalamus

| ]




**Into medulla oblongata are situated two centers, controlli
the h rformance.

>Cardio-accelerator center - through sympathicus performs positive effects on

heart performance _
»Cardio-inhibitor center - through vagus nerve performs negative effects on
heart performance

Medulia Oblongata

Cardio- Cardio-
Vasanaor accelerator inhibitor
center center
Skeletal . Visceral
muscle - arterioles
anerioles
‘ > Heart rate Heart rate
increases decreases
Vascdilation Contractility Contractility
increases decreases
Vasoconstriction
Sympathetic outfilow Parasympathetic outfilow

(accelerator nerve) (vagus nerve)



Reflex contro

eart performance by mechanorec

"UThe volume receptors excite by the increased volume.

> These receptors are situated at:
“W. cava superior and

vPulmonary artery vatria vwentricles e
< into the atria are situated 2 types of receptors:

v type A - they excite during atrial contraction

v type B - they excite during atrial filling

.
Superior\
Left atrium vena cava
Right atrium 2
Inferior
vena cava
> Afibers
Left ventricl
L Rt b M-
Right ventricle nght
e B fibers
KN Puimonary artery El Right atrium | urm
Junction of right atri % »,
E with vena ca\?a il B Left atrium %gf --------- .|+HHH ----------- I'H'HHI'
Junction of left atrium I Ventricles ﬂ
and pulmonary veins %

AT ]




Increased blood volume stimulates atrial mechanoreceptors type B:

> HR increases because increased tone of sympathicus and stimulation of SA
node and decreased tone of vagus nerve - reflex of Bambr'ldge

Pulmonary Yein
Aotrial Junctons

"BE" Receptor

sympathetic
Ot lows

Lezz antidinre e horonone
eleazsed ... less wrater re-
abzorption b the kKidnew

i




Coordinatinﬂ

center
| Efferent
| pathways

Afferent
pathways

LDetectorj '

[ fi %\
Peripheral ‘
chemoreceptors | Heart Vessels ]

Bradycardia and
£ vasoconstriction
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ubstances with positive inotropic action

/ B — .

Epinephrine and Norepinephrine
Angiotensin II

Glucagon

Thyroid hormones

increased [Ca?*],

o swN=

< substances with negative inotropic action

H WN =

increased [K*],
Intracellular acidosis
Adenosine
Acetylcholine



Thanks for your attention

@ ——mmy

Welcome
(oBoe pouny




