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 Conductive System of the Heart 







1) The length-tension relationship in muscles: the force 

of myocardial contraction is directly proportional to 

the initial length of the cardiac muscle fibers i.e. the 

returned blood to heart will distend the ventricles so 

the ventricles will produce more powerful contraction 

to pump the returned blood. 

2) The relationship of preload (VR) and force of contraction.  

3) The relationship of Ventricular EDV and stroke volume 

 The Frank-Starling Principle states that the greater the 

volume of blood entering the heart during diastole, the 

greater the volume of blood ejected during systole 

 



 End-diastolic volume (EDV): SV is directly proportional to preload; an increase 
in EDV results in an increase in stroke volume (Frank-Starling law).  

 The total peripheral resistance: SV is inversely proportional to TPR (afterload); 
it is the aortic impedance; higher peripheral resistance; higher arterial pressure 
that reduce the stroke volume. 

 Sympathetic input (Inotropy): Strength of contraction 

 varies directly with EDV; myocardial contractility is 

 directly proportional with SV.  

  



 The body is a good conductor of electricity because tissue fluids have a high 

concentration of ions that move (creating a current) in response to potential 

differences.  

 Potential differences generated by the heart are conducted to the body surface, 

where they can be recorded by surface electrodes placed on the skin.   

 The recording thus obtained is called an electrocardiogram ( ECG or EKG ); 

the recording device is called an electrocardiograph.  

 Each cardiac cycle produces three distinct ECG waves, designated P, QRS, and T.  

1. Atrial depolarization creates the P wave  

2. Ventricle depolarization creates the QRS and thus to contraction of the 

ventricles. 

3. The plateau phase of the cardiac action potential is related to the S-T segment of 

the ECG . 

4. Finally, repolarization of the ventricles produces the T wave  



 Absolute refractory period (ARP): it is the 
interval during which no action potential can be 
produced, regardless of the stimulus intensity. It 
lasts the upstroke plus plateau and initial 
repolarization till mid-repolarization at about -50 to 
-60 mV. This period prevents waves summation 
and tetanus. 

 

 Relative refractory period (RRP): it is the 
interval during which a second action potential can 
be produced but at higher stimulus intensity.  It 
lasts from the end of ARP (midrepolarization) and 
ends shortly before complete repolarization 



 

 Closing of the AV and semilunar valves produces sounds that can be heard by listening through a stethoscope 

placed on the chest. These sounds are often verbalized as “lub-dub.” The “lub,” or first sound, S1, is produced by 

closing of the AV valves during isovolumetric contraction of the ventricles  

 

 The “dub,” or second sound, S2, is produced by closing of the semilunar valves when the pressure in the 

ventricles falls below the pressure in the arteries. The first sound is thus heard when the ventricles contract at 

systole,  and the second sound is heard when the ventricles relax at the beginning of diastole.  

  

 Murmurs are abnormal heart sounds produced by abnormal patterns of blood flow in the heart. Many murmurs 

are caused by defective heart valves. Defective heart valves may be congenital, or they may occur as a result of 

rheumatic endocarditis , e.g, mitral stenosis (mitral valve becomes thickened and calcified ). 



Flow Within The Cardiovascular System 

The cardiovascular system is a closed network of vessels connected to the heart. It enables blood, 

oxygen and other nutrients to flow around the body.  

There are two ways in which blood flows within our vessels: 

1. laminar : In most straight blood vessels Velocity (rate of blood flow) is highest in the center of the vessel 

and decreases closer to the vessel wall. This decreasing velocity gradient is due to increasing resistance closer 

to the vessel wall. 

 2.turbulent : when blood vessels branch off or become constricted . Sometimes, turbulent flow can be heard 

(known as a ‘bruit’) over arteries with atherosclerotic plaques. 

 

Flow = Pressure / Resistance 

 



Pressure 

Liquids flow down their concentration gradients from areas of high pressure to areas of lower 

pressure. In practice, this means blood will flow from the arterial end of a vessel to the venous 

end. This pressure gradient is primarily created by the pumping action of the heart. 

Resistance 

Resistance is the force that opposes the flow of blood. Different blood vessels throughout the body 

have varying levels of resistance to blood flow. 

For example, our veins have very little resistance due to their ability to distend; this enables a vein’s 

resistance to fall in response to increasing pressure and thus keeps flow constant. 

                     Resistance is determined by Poiseuille’s Law: 

                                        R = 8ηl / πr4 

                  Where: R : resistance,  η : Viscosity,  l : Length,   r : Radius 



Starling Forces 

Fluid movement between the capillaries and tissues is controlled by four forces: 

Blood hydrostatic pressure: the pressure exerted by blood in the capillaries against the capillary 

wall. This pressure forces fluid out of the capillary. 

Blood colloid osmotic (oncotic) pressure: the pressure exerted by proteins in the blood, mostly 

by albumin in the capillaries. This pressure is attempting to pull fluid into the blood. Proteins in the 

plasma are normally too large to diffuse into the interstitium, however, in certain scenarios, such as 

in inflammation, these proteins can. 

Interstitial hydrostatic pressure: the pressure of the fluid in the interstitium. This pressure forces 

fluid back into the capillary. 

Interstitial colloid osmotic (oncotic) pressure: the pressure of the proteins in the interstitium. This 

pressure pulls fluid out of the capillary. 



Diagram showing the Starling forces that take place over a capillary bed 



 BP is the pressure exerted by the blood on the arterial walls during systole and diastole.  

 Systolic BP normally averages 120 mmHg in young adult males (range 90 -140 mmHg). 

 >140 = systolic hypertension.  

 The diastolic BP normally averages 80 mmHg (range 60 - 90 mmHg). 

  > 90 = diastolic hypertension. 

 The BP is often reported as the systolic over the diastolic (e.g. 120/80). 

 < 90 systolic BP = hypotension.  

  Pulse pressure (Pp): The difference between systolic and diastolic BP (normally averages 

40 mmHg).                systolic BP – diastolic BP  

                                                120 – 80 = 40 mmHg. 

 Mean arterial blood pressure (Tissue perfusion pressure) 

                                  Diastolic BP + 1/3 Pp.  

                                      80 + 13 = 93 mmHg. 

 

Arterial blood pressure (BP) 





 It maintains tissue perfusion (i.e. blood flow)  

 It produces the capillary hydrostatic pressure (interstitial fluid). 

  

Diastolic blood pressure: 

 It maintains blood flow to the tissues during ventricular diastole 
(continuous, not intermittent).  

 It is essential for the normal coronary blood flow.  

Factors that determine the blood pressure: 

1- Stroke volume (SV) & Cardiac output (CO). 

2- Total peripheral resistance (PR). 

3- Elasticity of the aorta and large arteries (Compliance of Blood Vessels) . 

4- Blood volume and circulatory capacity.  
 

Importance (function) of the arterial blood pressure: 



 Stroke Volume & Cardiac Output 



 The arterial BP is directly proportionate to the CO. 
 

                         CO = SV  X  HR. 
  With a constant HR, an increase in the SV raises systolic pressure with no significant change 

in diastolic pressure. 

Cardiac output & blood pressure 

  PR is the sum of all the vascular resistances. 

  The PR is essential for maintenance of the   arterial B.P. particularly the diastolic BP.  

  It is produced mainly in the arterioles. 

  It is determined by 3 factors:  

(a) The radius (or diameter) of the vessel. 

(b) Blood viscosity.  

(c) The length of the vessel.  

Total peripheral resistance & Blood pressure 



 Vessel Length & Diameter 



Blood Viscosity 



Compliance of Blood Vessels 



Blood Volume & Capacity 



 Regulation of Blood Pressure 



 Barorecepters 



Male > Female …(equal at menopause( 

() Old age: Atherosclerosis 

BP () due to neural & hormonal factors.  

() BP due to  venous return. 

Some hormones like adrenaline, noradrenaline & thyroid  () BP.   

BP is higher in lower limbs than upper limbs. 

()  stress 

BP () due to  venous return.  BP () 

due to  in metabolism. 

■ Sex: 

■ Age: 

■ Emotions: 

■ Exercise: 

■ Hormones: 

■ Gravity: 

■ Stress: 

■ Sleep: 

■ Pregnancy: 

■ Temperature:          BP () with heat due to vasodilatation  

                                      () with cold due to vasoconstriction 

 

PHYSIOLOGICAL FACTORS AFFECTING ARTERIAL BLOOD PRESSURE 

()   Obesity 









Two methods: 

Direct  :  Arterial catheter 

Indirect : Stethoscope and blood pressure cuff  (Sphygmomanometer) : 

 
Types: 
Mercury sphygmomanometer              Aneroid equipment                          Automatic equipment 
 

27 

Measurement of Blood Pressure  



 Bp cuff is inflated occluding brachial artery. 
  
 As cuff pressure is lowered, blood flows when systolic pressure is above cuff pressure, 

producing first Korotkoff sounds. 
 

 Sounds are heard until cuff pressure equals diastolic pressure (Korotkoff sound disappear). 
 

 Cuff constricts artery creating turbulent flow & noise as blood passes constriction during 
systole (1st Korotkoff sound) & partially blocked during diastole (muffled sound) because 
cuff pressure = diastolic pressure). 

 



ARTERIAL BLOOD PRESSURE 




