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Fonction cardiaque Unités motrices
Fonction cardiaque déclenchement contraction
Fonction cardiaque propagation contraction - cycle cardiaque

Fonction cardiaque organe entier (pompe cardiaque)



Fonction

Systeme cardiovasculaire

Propriétés: Fibres cardiaques Fibres muscle squelettique
1) Contraction globale 1) Contraction sélective
2) Régularité et reproductibilité contraction 2) Recrutement sélectif

3) Robustesse systeme (automatisme) 3) Dépendance du SNC



Fonction

Systeme cardiovasculaire

CHART 3.1 COMPARISION OF MUSCLE STRUCTURE AND FUNCTION

Skeletal Muscle

Cardiac Muscle

Smooth Muscle

Structure

Morphology

Long; cylindrical

Branched

Spindle or fusiform

sarcoplasmic reticulum

Yes; forms dyad with
sarcoplasmic reticulum

Nuclei Multiple; located One {sometimes two); One; located centrally
peripherally located centrally

Sarcomere Yes; striated pattern Yes; striated pattern No

T tubules Yes; forms triad with

No; caveolae

Electrical coupling of cells

No

Yes; intercalated discs
contain gap junctions

Yes; gap junctions

for contraction

Regeneralion Yes; via satellite cells No Yes
Mitosis No No Yes
Physiology

Extracellular Ca** required No Yes Yes

Regulation of cross-bridge
formation

Ca’* binding to troponin

Ca** binding to troponin

Ca**-calmodulin activation of
myosin kinase and phosphoryla-
tion of myosin

Control of contraction

Motor neurons

Autonomic nerves;
B-adrenergic agonists

Autonomic nerves; hormones

overlap

Summation of twitches by Yes No* Yes
increased stimulus frequency
Tension varies with filament Yes Yes Yes

Major differences in structure and function of skeletal, cardiac, and smooth muscle are indicted.

*Cardiac muscle cannot be tetanized, but the force of contraction will increase at high stimulus frequency because of an increase in
intracellular [Ca**], a phenomenon termed “Treppe.”

Nettler Atlas of Anatomy
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Fonction

Coeur Mécanisme général de la distribution sanguine

C CIRCULATION WITH ONE PUMP

__— Surface for
equilibration

D CIRCULATION WITH TWO PUMPS / TWO CIRCUITS

——Lung

__— Pulmonary
(  circulation

|__— Systemic
circulation

Central Surface for
cell equilibration
of nonvolatile
External milieu substances

© Elsevier Ltd. Boron & Boulpaep: Medical Physiology, Updated Edition www.studentconsult.com
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Fonction

Coeur

Superior
vena cava

© Elsevier Ltd. Boron & Boulpaep:

Inferior
vena cava

Distribution sanguine dans I'organisme

Medical Physiology, Updated Edition www.studentconsult.com

I Q = Flow
— P = Pressure
DR RSy e oot e R = Resistance
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Fonction

Coeur 2 circulations sanguines dans l'organisme
Pulmonary circulation—8% i .

Blood circulation: heart + vessels + blood
4 contractile arteries plasma
chambers arterioles red blood cells
automaticity capillaries white blood cells
& periodicity: veins

Aorta passive filling lymphatics ~ 5-6 liters

Superior
vena cava

Heant—7%

Inferior
vena cava

Arteries—13%

Veins, venules, ‘

and venous
sinuses—64%

Figure 14-1

Distribution of blood (in percentage of total blood) in the different
parts of the circulatory system.

body
organs

Sense of flow: VALVES

active ejection

volume transfer
& pressure A

Pulmonary

circulation: low pressure (~ 2.2 kPa)
low resistance
high compliance

Quuim = Qi = 9-6 I/min

Systemic

circulation: high pressure (~ 13 kPa)
high resistance
low compliance

Compliance is a measure of the tendency of a hollow organ to resist recoil
toward its original dimensions upon removal of a distending or
compressing force.

Guyton et Hall Medical Physiology 78



2 Fonction

Coeur: contraction musculaire réguliere -» pompage
De la génération du signal au pompage mécanique

CARDIAC FUNCTION

1) Automatic and rhythmic generation of action potential = electrical excitation
2) Propagation of action potentials along the conduction apparatus

3) Propagation of action potentials from Purkinje fibres to working myocardium
4) Excitation-contraction coupling

5) Contraction of working cells = pumping



2 Fonction

—ii:‘alsﬁbet
Coeur: excitabilité et activité rythmique — Venucular
Excitation cardiaque par la propagation +20 4 T naige

du potentiel d’action

hmical discharge of a sinus nodal fiber. Also, the sinus nodal
action potential is compared with that of a ventricular muscle fiber.

Plateau

_m-J

2100 50 kinje fiber

§+2g: Plateau
 Figure 10-1 Eﬁf_l_ LL‘.

Sinus node, and the Purkinje system of the heart, showing also T T T

o

the A-V node, atrial internodal pathways, and ventricular bundle 0 Yo
branches.
Rhythmical action potentials (in millivolts) from a Purkinje fiber 80
Guyton et Hall Medical Physiology and from a ventricular muscle fiber, recorded by means of

microelectrodes.



2 Introduction  Structure

Fonction Fooulation  Conclusion

Coeur: conductibilité du signal électrique
Role des différents composants

Sinus A-V node

node
A-V bundle

Internodal
pathways

branch

Sinus node, and the Purkinje system of the heart, showing also
the A-V node, atrial internodal pathways, and ventricular bundle
branches.

Transmission of the cardiac impulse through the heart, showing
the time of appearance (in fractions of a second after initial
appearance at the sinecatrial node) in different parts of the heart.

Guyton et Hall Medical Physiology
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2 Fonction

Coeur: excitation cardiaque par potentiel d’action

Génération du signal électrique ERP
(Effective refractory period)
RRP
| A SANODE | . Time B e ARl 2 (Relative refractory period)
0
Vi Vim
(mV) (mV)
-80
Outward
Current Current
Inward
Current Current - - e
Inward Ca

Inward
Copyright © 2002, Elsevier Science (USA). All rights reserved.

Phases of cardiac action potentials. The records in this figure are idealized. |, I.,
lc., @and I are currents through K*, Na*, Ca?*, and nonselective cation channels,
respectively.

) Boron&Boulpaep Medical Physiology 82
l; is the pacemaker current




2 Fonction

Coeur: transmission du signal électrique par les potentiels d’action

A CURRENT FLOW THROUGH GAP JUNCTIONS

| Extracellular current |

Capacitative current

/L0000 0 0000

Channel o junction

B ELECTROTONIC SPREAD OF CURRENT

() () ke O 4O ()

s 1 - VA o == potential for |
VA - R A ° | A Vi I Vg regenerative
(mV) 1 Vo action potential
1 Vo V, V.
.7y )] (NCCEEE | (NS ) SRS, W E—— \ ____________________ l.-.?\.-ﬁm? E

\\ \E Distance — Q‘J Normal resting
otential
Opening of channels, or Depolarization of , etc. £

current injected from other cell A spreads, with
cells, depolarizes cell A to a decay, to cell B...

subthreshold level (V). Boron&Boulpaep Medical Physiology
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Fonction

Coeur: couplage électromécanique dans le muscle cardiaque
Relations entre Ie courant ionique et la contraction du myocarde

3 phases of AP

}/N

L | I ()
Cainduced

Na*® Carelease Ca'*

Ca*t sarcoplasmic
A a reticulum

)

cross bridge
AM: Actin-myosin : cycling
©x
\
\,
3
S~
\ -_—

+
co,

#N+

ATP .
H,0 , energy -\

metabolism

sarcolemma

K+

gap junction

+

L -

stroke: work
+ heat

M ~25%

ADP+P

glucose
fatty acids + O,
lactic acid

-
T
cell to cell AP propagation

AP: Action potential
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2 Fonction

Coeur: le cycle cardiaque durant la systole et la diastole

Isovolumic
relaxation

N Rapid inflow
Isovolumic Ejection _ Atrial systole

"N\ 7/

[ .
=== Aortic pressure

Atrial pressure

Ventricular volume

Electrocardiogram

Phonocardiogram

Figure 9-5

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.
Guyton et Hall Medical Physiology 85



Fonction

Coeur: excitation cardiaque et périodes réfractaires

Figure 9-4

Force of ventricular heart muscle
contraction, showing also dura-
tion of the refractory period and
relative refractory period, plus the
effect of premature contraction.
Note that premature contractions
do not cause wave summation, as
occurs in skeletal muscle.

Force of contraction

Refractory period

Relative refractory
period Later premature

A N

contraction
Early premature

contraction

: )\/\

Seconds

Guyton et Hall Medical Physiology
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Fonction

Coeur: excitation cardiaque et séquence de dépolarisation du coeur

Sinus

Transitional fibers

A-V node

Atrioventricular
fibrous tissue

Penetrating portion
of A-V bundle

Distal portion of
A-V bundle

Right Left branch

Ventricular
septum

Figure 10-3

Organization of the A-V node. The numbers represent the interval
of time from the origin of the impulse in the sinus node. The values
have been extrapolated to human beings.

node

Atrial

Y

N ~
Ventricular
muscle

>

T T T T T T 1
Time [ms] 100 200 300 400 S00 600 70O

Electrophysiology of the
heart. The different
waveforms for each of
the specialized cells
found in the heart are
shown. The latency
shown approximates
that normally found in
the healthy heart

http://www.bem.fi/book/06/06.htm|

Respective speed of conduction in cardiac tissues

Purkinje fibers
AV node
Cardiac cells

1.5-4.0 m/sec
15-20 cm/sec
30-50 cm/sec

Guyton et Hall Medical Physiology
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Fonction

Coeur: excitation cardiaque et séquence de dépolarisation du coeur
La source du rythme cardiague a 3 niveaux

Electric events in the heart

Location in Event Time [ms] ECG- Conduction Intrinsic
the heart terminology  velocity [m/'s] frequency [1/min]
SA node impulse generated 0 0.05 70-80
atrium, Right depolarization *) 5 P 0.8-1.0 50-60
Left depolarization 85 P 08-1.0
AV node arrival of impulse 50 } P-Q 0.02-0.05
departure of impulse 125 interval
bundle of His activated 130 1.0-15
bundle branches activated 145 1.0-15
Purkinje fibers  activated 150 3.0-35
endocardium
Septum depolarization 175 0.3 (axial) 20-40
Left ventricle  depolarization 190 -
bundle QRS 0-8
Bunde_ epicardium depolarization 225 (transverse)
Purkinje Left ventricle ~ depolarization 250
T Right ventricle
epicardium
Left ventricle  repolarization 400
Right ventricle  repolarization
T 0.5
Time [ms] UI 160 ZUIU 30‘0 4(‘]0 SDIU 860 70‘0 mdocardilm
Left ventricle  repolarization 600

*) Atnial repolanization occurs during the ventricular depolarization: therefore. it is not nommally seen in the electrocardiogram.

http.//www.bem.fi/book/06/06.html gg



Fonction

Coeur: excitation cardiaque et séquence de dépolarisation du coeur
Orientation des fibres et distribution de la dépolarisation

0 5 10 15 20 25 30 35 40 45 50 55 60 65 ms

This figure is redrawn from experimental data. The ventricles are shown with the anterior wall of the
left and partly that of the right ventricle opened. The isochronic surfaces clearly show that ventricular
activation starts from the inner wall of the left ventricle and proceeds radially toward the epicardium.
In the terminal part of ventricular activation, the excitation wavefront proceeds more tangentially.

http.//www.bem.fi/book/06/06.htm| gq



2 Fonction

Coeur: électrocardiogramme enregistrement de l'activité électrique du coeur

(

Depolarization

J' wave

+
FIFIH+FFFFIHFFFF | N
B S LA ELEREERL L AT |
+++t ettt —————— + =
————————— ++ +FF3+F +++++ 4+
I /\ ++++++4-|'-++++-'|- ++%
e R | \ tt+ R
C FFFFFFFFF -5 T &l
Repolarization
+++++++++++++ 'i' WT’E Fi g
________________ N igure
D oo I Instantaneous potentials develop on the surface of a cardiac
AR PR R AR R e R = muscle mass that has been depolarized in its center.
0.30 second

Recording the depolarization wave (A and B) and

the repolarization wave (C and D) from a cardiac G Hall Medical Physiol 90
muscle fiber. uyton et Hall Medical Physiology



Fonction

Coeur: électrocardiogramme enregistrement de l'activité électrique du coeur
Exemple d’un tracé ECG normal

Atria Ventricles

+2 - Y Yy Y
RR interval
Y Yirsm
£+1' segment
°
= T
= B
= 0- N\ N\
A AQs AL
P-Rinterval Q-T interval
-1 =016 sec
0 02 04 06 08 10 12 14 1.6
Time (sec)
Figure 11-1

Normal electrocardiogram.

Figure 11-5

Flow of current in the chest around partially depolarized

ventricles.
Guyton et Hall Medical Physiology 91



Fonction

Coeur: électrocardiogramme enregistrement de l'activité électrique du coeur
Exemple de dérivations standards de I'ECG

+0.5mV

- + B +

Lead Il Lead lll
+1.0mV

Figure 11-6

Conventional arrangement of electrodes for recording the stan-
dard electrocardiographic leads. Einthoven's triangle is superim-
posed on the chest.

o de b

Figure 11-7

Normal electrocardiograms recorded from the three standard
electrocardiographic leads.

Depolarization
Repolarization

Figure 11-3

Above, Monophasic action potential from a ventricular muscle
fiber during normal cardiac function, showing rapid depolarization
and then repolarization occurring slowly during the plateau stage
but rapidly toward the end. Below, Electrocardiogram recorded
simultaneously.

Guyton et Hall Medical Physiology 92



Fonction

Coeur: Résumé

The electrical activity of the heart is automatic and rhythmic and precedes the mechanical activity

The electrical activity of the heart is generated in the pacemaker (nodal) cells and spreads along
preferential pathways: conducting apparatus

The propagation of cardiac action potentials takes place along the cell membranes and through the GAP

The ventricular depolarization propagates from the subendocardial to subepicardial muscular layers
(from interior to exterior)

The ventricular repolarization propagates from the subepicardial to subendocardial muscular layers
(from exterior to interior) this results from subepicardial action potentials being of shorter duration

At every instant the electrical fields of each individual cardiac fibre sum into a resulting vector that can
be recorded from the body surface with respect to time: ECG

The vector summation of QRS complexes allows to determine the electrical axis of the heart
The spatial image of the heart electrical activity may be obtained directly by vectocardiography

The entry of calcium into the cardiac cell activates the actin-myosin interaction: cardiac contraction



Fonction
Vaisseaux (Veines)
Veines: larges avec des parois tres fines (grande compliance) . I 60 cm H,0
-> |es veines sont les réservoirs du sang 7 45cmHg
En position debout, la pression veineuse devient:
infra-atmosphérique dans la téte et le cou (-mgh) 110 cm H,0
, , ) . . , . 80cmH
élevée dans I'abdomen et les jambes (+mgh): risque d’oedéme &
L
Gravitation: pgh
N 4 A 95— 45 =50 ‘ 10 - 45 = -35
95 100 95 2’5_.
Pression artérielle N
100
[mmHg] 2
Pression artérielle Pression veineuse
[mmHg] [mmHg]
10 10 95 +80 =175 10 +80 =90
Pression veineuse
[mmHg]
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2 Fonction

Vaisseaux (Veines)

o i ( P veineuse périphérique — P veineuse centrale) ~5-10 mm Hg
Débit veineux = comme

Résistance veineuse . le Q
tres basse ¢

Les veines sont larges et ont des parois trés minces (grande compliance -> les veines sont les réservoirs du sang)

De part la confluence vasculaire, la vitesse du sang augmente, mais le flux est moins pulsé.

Aux extrémités (mais pas dans le crane ou le thorax) , les veines ont des valves

Le retour veineux est augmenté par: - la position couchée (choc: élévation des extrémités)
- contraction veineuse (mobilisation des réserves de sang)
- inspirations profondes

- compression des veines par les muscles squelettiques

recumbent standing

.........................................

Pressure in the malleolar vein (mmHg)




