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Heart valves prevent backflow to ensure

one-way blood flow.

 Å Atrioventricular (AV) valves (i.e., right

  AV valve and left AV valve) are between

  atrium and ventricle

 

 Å Semilunar valves (i.e., pulmonary

  semilunar valve and aortic semilunar

  valve) are between ventricle and

  arterial trunk

Arteries (arterial trunks) transport blood

away from the heart.

 Å Pulmonary trunk transports from

  right side

 Å Aorta transports from left side

Veins transport blood toward the heart

 Å Vena cavae (SVC and IVC) drain into

  right side

 Å Pulmonary veins drain into left side

Each pump has a receiving chamber

(atrium) and a pumping chamber (ventricle).

 Å Right side: pumps deoxygenated blood

  to the lungs

 Å Left side: pumps oxygenated blood to

  the body

(a) (b) (c)



Coronary Blood Flow

coronary blood flow: 250 ml/min

5% of resting cardiac output

60-80 ml blood/100g tissue/min

entirely during diastole

~ aortic diastolic pressure minus LVDP

~ duration of diastole

pressure < 150 mmHg

oxygenated by superb membrane oxygenator-έǘƘŜ ƭǳƴƎǎέ

Cerebral Blood Flow

ÁCerebral blood flow: 750 ml/min

Á15% of resting cardiac output

Á50-55 ml blood/100g tissue/min



Natriuretic Peptides 

In response to a rise in blood pressure, the heart releases two peptides: 

ÅA-type Natriuretic Peptide (ANP) 

Ç This hormone of 28 amino acids is released from stretched atria (hence the "A"). 

ÅB-type Natriuretic Peptide (BNP) 

Ç This hormone  is released from the ventricles. (It was first discovered in brain tissue; hence the 

"B".) 

Both hormones lower blood pressure by :

Å relaxing arterioles 

Å inhibiting the secretion of renin and aldosterone 

Å inhibiting the reabsorption of sodium ions by the kidneys.

ÅThe latter two effects reduce the reabsorption of water by the kidneys. 

Å =ČSo the volume of urine increases as does the amount of sodium excreted in it. 

Å The net effect of these actions is to reduce blood pressure by reducing the volume of blood in the 
circulatory system. 

ÅThese effects give ANP and BNP their name (natrium = sodium; uresis = urinate). 

Heart HORMONES



Å Pulmonary capillary wedge pressure (PCWP;in mm Hg) is a 
good approximation of left atrial pressure. 

Å In mitral stenosis, PCWP > LV end diastolic pressure. 
Å PCWP is measured with pulmonary artery catheter (Swan-

Ganz catheter).





Differences Between Skeletal and 
Cardiac Muscle Physiology

Action Potential
Cardiac: Action potentials conducted from cell to cell. 

Skeletal, action potential conducted along length of single fiber

Rate of Action Potential Propagation
Slow in cardiac muscle because of gap junctions and small diameter of fibers. 

Faster in skeletal muscle due to larger diameter fibers.

Calcium release
Calcium-induced calcium release (CICR) in cardiac

Movement of extracellular Ca2+ through plasma membrane and T tubules into sarcoplasm 
stimulates release of Ca2+ from sarcoplasmic reticulum

Action potential in T-tubule stimulates Ca++ release from sarcoplasmic reticulum



Cardiac Muscle Contraction
Heart muscle:

Is stimulated by nerves and is self-excitable (automaticity)

Contracts as a unit

Has a long (250 ms) absolute refractory period

pacemaker can funciton for many years without interruption

Cardiac muscle contraction is similar to skeletal muscle 
contraction

Å Ach (from ParaSym terminals of vagus nerve Xth cranial 
nerve)  =Čslows HR by increasing K+ conductance & 
reducing Ca2+ conductance of pacemaker cells 

Å Norepinephrine  (Sym NS) accelerates pacemaker 
potential = increasing HR 





Autonomic innervation of theheart
Å Theautonomic nervous systemis able to regulate theheartaction in the long term.
Å Sympatheticfibers innervate both theatria and ventricles.
Å Parasympatheticfibers only innervate theatria. 
Å Thesympatheticnerve can therefore even alter the contraction force of the chambers (inotropy).

ÅDefinition: Modulation of cardiac action bysympatheticand/or parasympatheticnerve fibers
ÅAim: Long-term regulation ofheartaction
ÅBasic terms

Å Chronotropy: Any influence on theheart rate.
Å Dromotropy: Any influence on the conductivity of cardiac tissue.
Å Inotropy: Any influence on the force ofcardiac musclecontraction.
Å Lusitropy: Any influence on the rate of relaxation ofcardiac muscle.
Å Bathmotropy: Any influence on excitability of theheartmuscle.

https://www.amboss.com/us/knowledge/Heart#xid=Up0bKS&anker=Z4e3e2c1885949b623580f92078d56c7d


Basic terms

Chronotropy: Any influence on theheart rate.

Dromotropy: Any influence on the conductivity of cardiac tissue.

Inotropy: Any influence on the force ofcardiac musclecontraction.

Lusitropy: Any influence on the rate of relaxation ofcardiac muscle.

Bathmotropy: Any influence on excitability of theheartmuscle.



SNS RECEPTOR TYPES AND LOCATION

What are the SNS receptor types in the following locations and what are their effects?

Heart

SA nodeŬ

ɓ1: increased pacemaker activity

AV node

ɓ1: increased conduction velocity

Myocardium

ɓ1: increased contractility

Vascular smooth muscle

Skin and splanchnic circuits

Ŭ1 and Ŭ2: constriction

Skeletal muscle and pulmonary circuits

ɓ2: dilation

Peripheral veins

Bronchioles

Bronchial muscle

ɓ2: dilates smooth muscle

Bronchial glands

Ŭ1: inhibits secretion

ɓ2: stimulates secretion



Heart Physiology: Intrinsic Conduction System
Autorhythmic cells:

Initiate action potentials 

Have unstable resting potentials called pacemaker potentials

Use calcium influx (rather than sodium) for rising phase of the action potential
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initiated in the conduction

system is propagated

across the sarcolemma

of cardiac muscle cells.

Sarcomeres shorten.

(a)
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PACEMAKERS (in order of their inherent rhythm)
×Sino-atrial (SA) node

×Atrio-ventricular (AV) 
node

×Bundle of His

×Bundle branches

×Purkinje fibers

The autorhythmic cells are concentrated in the 

following areas.

ÅThe sinoatrial (SA) node, located in the upper wall 

of the right atrium, initiates the cardiac cycle by 

generating an action potential that spreads through 

both atria through the gap junctions of the cardiac 

muscle fibers.

ÅThe atrioventricular (AV) node, located near the 

lower region of the interatrial septum, receives the 

action potential generated by the SA node. A slight 

delay of the electrical transmission occurs here, 

allowing the atria to fully contract before the action 

potential is passed on to the ventricles.

ÅThe atrioventricular (AV) bundle (bundle of His) 

receives the action potential from the AV node and 

transmits the impulse to the ventricles by way of the 

right and left bundle branches. Except for the AV 

bundle, which provides the only electrical connection, 

the atria are electrically insulated from the ventricles.

ÅThe Purkinje fibers are large-diameter fibers that 

conduct the action potential from the interventricular 

septum, down to the apex, and then upward through 

the ventricles.



Sequence of excitation
1. sinoatrial (SA) node - 

spreads to both atria
90 - 100 action 
potentials per minute

2. atrioventricular (AV) 
node 

40 -50 action potentials 
per minute

3. atrioventricular (AV) 
bundle (bundle of His)

20-40 action potentials 
per minute

4. right & left bundle 
branches 

in the interventricular 
septum

5. Purkinje fibers
conduction myofibers





Impulse Conduction through  the Heart

../Figure20_13.swf


SA node generates impulse;

atrial excitation begins

Impulse delayed

at AV node

Impulse passes to

heart apex; ventricular

excitation begins

Ventricular excitation

complete

SA node AV node Purkinje

fibers

Bundle

branches

Figure 18.17

Heart Excitation Related to ECG



Depolarization of SA Node
×SA node - no stable resting membrane 
potential

×Pacemaker potential 
×gradual depolarization from -60 mV, slow influx of 

Na+

×Action potential 
×occurs at threshold of -40 mV

×depolarizing phase to 0 mV

×fast Ca2+ channels open, (Ca2+ in) 

×repolarizing phase

×K+ channels open, (K+ out)

×at -60 mV K+ channels close, pacemaker potential starts 
over

×Each depolarization creates one heartbeat
×SA node at rest fires at 0.8 sec, about 75 bpm



Pacemaker and Action Potentials of the Heart

Figure 18.13



Pacemaker Function
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current)
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Mechanical Response



Myocardial action potential



Cardiac action potential.
Describe what happens during each of the following phases of a 
cardiac action potential:
Phase 0
Upstroke: caused by a rapid transient increase in Na+ conductance, 
which allows an inward Na+ current to depolarize the membrane (INa)
Phase 1
Brief initial repolarization: caused by a decrease in inward Na+ current 
due to closure of voltage-activated Na+ channels
Phase 2
Plateau phase: caused by an increase in Ca2+ conductance and K+ 
conductance continues to increase; this phase is marked by a net 
electrical balance between inward Ca+ (ICa) and outward K+ currents 
(IKout)



Phase 3
Repolarization: K+ conductance peaks. The Ca+ 
conductance decreases; the electrical
balance now favors the large outward K+ current 
(IKout)
Phase 4
Resting membrane potential: caused by an 
equilibrium between outward and inward
ionic currents

All of these channels are triggered by what?
Threshold; the moment that threshold is reached, 
the sequence of cardiac conductance
is set in motion.

What determines the peak of the cardiac action 
potential?
Conductance to Na+



Cardiac Membrane Potential

Figure 18.12
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The Action Potential in Skeletal and Cardiac Muscle

Figure 20.15



Absolute refractory period (ARP)

Effective refractory period (ERP)

Relative refractory period (RRP)

What is the ARP?

The time during which no number of 

entering impulses can initiate a new action 

potential

What is the ERP?

The time during which no conducted action 

potential can be produced

What is RRP?

The time during which an action potential 

can be initiated, but requires a larger 

depolarizing stimulus



Base the heart physiology

×Automaticity 

×Excitability 

×Conductivity 

×Contractility 



What is cardiac excitability?
The ability of the cardiac muscle cells to conduct an action potential after being
depolarized by an inward current

Conductance of what ion determines the resting membrane potential in cardiac
muscle cells?
Like all other excitable cells, conductance to K+

What is the resting membrane potential of nonpacemaker cardiac myocytes?
~90 mV, which is close to the K+ equilibrium potential

What maintains the resting membrane potential?
Na+-K+ -ATPase membrane protein

Again, what does it mean when a membrane depolarizes?
There is an inward current that brings positive charge into the cell

What does it mean when a membrane hyperpolarizes or repolarizes?
There is an outward current that removes positive charge from the cell



Cardiac Cycle

Cardiac Cycle: the electrical, pressure and volume 
changes that occur in a functional heart between 
successive heart beats.

ωPhase of the cardiac cycle when myocardium is 
relaxed is termed diastole.

ωPhase of the cardiac cycle when the myocardium 
contracts is termed systole.

Atrial systole: when atria contract.

Ventricular systole: when ventricles contract.



Mechanical Events of the Cardiac Cycle
1. Ventricular Filling Period 

[ventricular diastole, atrial
systole]

2. IsovolumetricContraction 
Period [ventricular systole]

3. Ventricular Ejection Period 
[ventricular systole]

4. IsovolumetricRelaxation Period 
[ventricular diastole]



Phases of the Cardiac Cycle
Ventricular filling ςmid-to-late diastole

Heart blood pressure is low as blood enters atria 
and flows into ventricles

AV valves are open, then atrial systole occurs

Ventricular systole
Atria relax 

Rising ventricular pressure results in closing 
of AV valves

Isovolumetric contraction phase

Ventricular ejection phase opens semilunar 
valves

Isovolumetric relaxation ς early diastole
Ventricles relax

Backflow of blood in aorta and pulmonary 
trunk closes semilunar valves

Dicrotic notch ς brief rise in aortic pressure 
caused by backflow of blood rebounding off 
semilunar valves





Figure 18.20



Heart sounds:
S1τmitral and tricuspid valve closure. Loudest at mitral area.
S2τaortic and pulmonary valve closure.Loudest at left upper 
sternal border.
S3τin early diastole during rapid ventricular filling phase. 
Associated with • filling pressures (eg, mitral regurgitation, HF) and 
more common in dilated ventricles (but can be normal in children, 
young adults, and pregnant women).
S4τƛƴ ƭŀǘŜ ŘƛŀǎǘƻƭŜ όάŀǘǊƛŀƭ ƪƛŎƪέύΦ .Ŝǎǘ ƘŜŀǊŘ ŀǘ ŀǇŜȄ ǿƛǘƘ ǇŀǘƛŜƴǘ 
in left lateral decubitus position. High atrial pressure. Associated 
with
ventricular noncompliance (eg, hypertrophy).
Left atrium must push against stiff LV wall.
Consider abnormal, regardless of patient age.

Jugular venous pulse (JVP):
Åa waveτatrial contraction. Absent in atrial
Åfibrillation (AF).
Åc waveτRV contraction (closed tricuspid valve
Åbulging into atrium).
Åx descentτdownward displacement of closed
Åtricuspid valve during rapid ventricular ejection phase. Reduced 

or absent in tricuspid regurgitation and right HF because pressure 
gradients are reduced.
Åv waveτright  atrial pressure due to filling όάvillingέύ ŀƎŀƛƴǎǘ 

closed tricuspid valve.
Åy descentτRA emptying into RV. Prominent
in constrictive pericarditis, absent in cardiac tamponade.







What is Cardiac Index ?

It is cardiac output per minute per square meter of body surface area.

Normal Cardiac Index = 3.2 Liter /min/ sq meter body surface area.

What is Cardiac Reserve ?

It is the difference between cardiac output at rest and maximum volume of blood that heart 

can pump per minute.



Preload and Afterload

Figure 18.21



46

Ejection fraction (EF)is the percentage of ventricular end diastolic volume (EDV) which is 
ejected with each stroke.

EF =  
SV (EDV ï ESV) 

EDV

X 100

75

120

X 100 = 62.5%

Å Normal ejection fraction is about 60 ς 65 %.

Å Ejection fraction is good index of ventricular function.



= 5 L



Cardiac Output (CO) and Reserve
×CO is the amount of blood pumped by each 
ventricle in one minute

CO is the product of heart rate (HR) and stroke 
volume (SV)ČStroke volume is determined by three 
factors: 

Preload

Afterload

Contractility

×HR is the number of heart beats per minute

×SV is the amount of blood pumped out by a 
ventricle with each beat

×Cardiac reserve is the difference between resting 
and maximal CO

SV is the amount of blood pumped out by a ventricle with each beat 

SV = EDV - ESV 

EDV = amount of blood collected in a ventricle during 
diastole It is about 120 ς 130 ml.

ESV = amount of blood remaining in a ventricle after 
contraction. It is about 50 to 60 ml

Ejection Fraction (EF) = Stroke Volume / End Diastolic Volume 

Example of Cardiac Output 

CO (ml/min) = HR (75 beats/min) x SV (70 ml/beat) 

CO = ______________________

CO increases during exercise, and depending on exercise, it can 
increase to 20ς25 liters/min [up to 35 liters/min is recorded in trained 
athlete during heavy exercise].
üHow ?
 - By increasing stroke volume and heart rate.



Factors Affecting Cardiac Output

Figure 20.20

Stroke volume can be increased by TWO 
mechanism:
 1. INTRINSIC CONTROL ς by increasing venous 
return to the heart
 2. EXTRINSIC CONTROL ς due to the sympathetic 
stimulation of the heart 



Effect of Autonomic Nervous System on Heart

SYMPATHETIC :It regulates the action potential frequency of the SA node.

ÇRegulates vasoconstriction.

ÇRegulates venomotor tone.

ÇStimulate the secretion of epinephrine and renin.



Factors Affecting Stroke Output 
Preload- amount ventricles are stretched by contained blood 

Contractility - cardiac cell contractile force due to factors other than EDV 

Increase in contractility comes from: 

ǐIncreased sympathetic stimuli 

ǐCertain hormones 

ǐCa2+ and some drugs

Agents/factors that decrease contractility: 

ǐAcidosis 

ǐIncreased extracellular K+ 

ǐCalcium channel blockers

Afterload -back pressure exerted by blood in the large arteries leaving the heart 

Frank-Starling Law of the Heart 

Preload, or degree of stretch, of cardiac muscle cells before they contract is the critical factor controlling stroke 
volume 

Slow heartbeat and exercise increase venous return to the heart, increasing SV

SV = end diastolic volume (EDV) minus end systolic volume (ESV)
EDV = amount of blood collected in a ventricle during diastole
ESV = amount of blood remaining in a ventricle after contraction



Frank-Starling Law of the Heart
Preload, or degree of stretch, of cardiac muscle cells before they 
contract is the critical factor controlling stroke volume; 

¬EDV leads to ¬stretch of myocardial .
¬preload ­¬stretch of muscle ­¬force of contraction ­¬SV

Unlike skeletal fibers, cardiac fibers contract MORE FORCEFULLY 
when stretched thus ejecting MORE BLOOD (¬SV)

If SV is increased, then ESV is decreased!!

Slow heartbeat and exercise increase venous return (VR) to the 
heart, increasing SV

VR changes in response to blood volume, skeletal muscle 
activity, alterations in cardiac output

¬VR ­¬EDV and  ®in VR ­®in EDV

Any ®in EDV ­®in SV

Blood loss and extremely rapid heartbeat decrease SV

Mechanism of Cardiac Length ς Tension 
Relationship

×When there is increase in the length of 
cardiac muscle fiber to the optimal length, 
there is maximum sliding of actin and 
myosin and we get maximum contraction.

Å Preload, or degree of stretch, of cardiac muscle 
cells before they contract is the critical factor 
controlling stroke volume

Å Slow heartbeat and exercise increase venous 
return to the heart, increasing SV

Å Blood loss and extremely rapid heartbeat 
decrease SV



Å Blood pressure is the 
force exerted on a blood 
vessel wall by the blood.

Å Blood must circulate 
through the body and 
organs to maintain life

Å The Heart is the pump 
that circulates the blood

Å Pressure difference in the 
vascular system ensures 
that blood flows around 
the body





Factors Affecting Stroke Volume

Preload ςamount ventricles are 
stretched by contained blood 

Contractility ςcardiac cell 
contractile force due to factors 
other than EDV

Afterload ςback pressure exerted 
by blood in the large arteries leaving 
the heart



A Simple Model of Stroke Volume

Figure 20.19a-d








