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Cardiac Cycle
 Two Phases

 Systole
 Contraction phase

 Diastole
 Relaxation phase

 Four Stages
 Atrial systole

 Last about 0.1 seconds
 Ventricular systole

 Last about 0.3 seconds
 Atrial diastole

 Lasts about 0.7 seconds
 Ventricular diastole

 Last about 0.5 seconds





Heart Sounds
 S1 ?

 S2 ?

 S3 ?

 S4 ?



S1

Closure of mitral and tricuspid valves



S2
 Closure of the pulmonic and aortic valves



S3

 “ventricular gallop”
 Occurs after S2 when mitral valve opens

 Produced by large amount of blood striking compliant LV 
[during passive LV filling]



Volume Overload



S4

 “atrial gallop”
 Occurs just before S1 when the atria contract to force 

blood into the LV striking LV wall



Hypertensive heart



Definitions
 Ejection Fraction  ?
 Stroke Volume  ?
 Preload  ?
 Contractility  ?
 Afterload ? 
 Cardiac Output  ?



Definition
 Ejection Fraction

 is a measurement, expressed as a percentage, of how much blood the left 
ventricle pumps out with each contraction. 

 Stroke Volume
 The volume of blood pumped out of one ventricle of the heart in a single beat or 

contraction
 Index is determined by three factors  

 Preload
 pressure in ventricles at end of diastole

 Contractility
 the inherent vigor of contraction of the heart muscle during systole  “more the 

myocardial fibers are stretched, the more the subsequent contraction will be”
 Afterload

 resistance against which heart must pump
 Cardiac output

 is the product of the heart beats per minute and the stroke volume 
 CO = HR × SV

 denoted as L/min.



Definition
 Blood Pressure

 Is the pressure of the blood within the arteries
 Systole

 Measured after heart contracts
 Diastole

 Measured before the heart contracts



Blood Pressure  Determination 

BP = CO x PVR 
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Electrophysiology
 Three Types of Cardiac Muscle 

 Atrial
 Ventricular
 Excitatory and Conductive fibers

 Intercalated discs
 Syncytium
 Atrioventricular Bundles

 Depolarization



EP
 Atrial & Ventricular Muscle

 Muscle fibers contract in much the same way as skeletal 
muscles with one major structural difference



Intercalated Discs
 Connect cardiac muscle and conduct electrical 

impulses quickly

How Fast 



400 times faster!!

WHY??



 Allows cardiac muscle cells to function physiologically 
as a unit

 When one cell becomes excited, the action potential 
spreads rapidly across the entire group of cells 
resulting in a coordinated contraction

 The “unit” is 

?



Syncytium

 Atrial
 Superior to inferiorly

 Ventricular
 Inferiorly to superior

 Separated by fibrous structure 
 Supports the valves
 Physically separates atria and ventricles
 What is the only structure penetrating ??



Atrioventricular [AV] Bundle



Cardiac Depolarization
 Fundamentals

 Ionic difference exits on the two sides of a cell 
membrane   
 What regulates this???

 In its [cell] resting state, the cell is more negative inside 
than outside  [Resting Potential – 290 mV]

 When stimulated [cell], sodium is allowed in bringing 
its positive charge  [Action Potential - + 20 mV than 
outside cell] spreads across and results in depolarization 
of entire muscle mass followed by contraction



290 mV

310 mV [approx]



Repolarization
 Cell remains permeable to sodium for only a fraction 

of a second
 Sodium stops, and potassium escapes from inside cell
 Sodium is actively pumped out which allows the cell to 

repolarize and return to resting state
 Two Stages

 Absolute
 Relative



Cardiac cell unable to respond to new electrical stimulus, cannot 
spontaneously depolarize



Repolarization is almost complete, cardiac cell can be stimulated to 
contract prematurely if stimulus stronger than normal



Cardiac Conductive System
 Properties of Cardiac Cells

 Excitability  ?
 Conductivitity ?
 Automaticity  ?
 Contractility  ?



Atrial Conductive Pathway



Ventricular Conductive Pathway

Intrinsic Rates ?



Rates



Preexcitation
 A condition in which all or some portion of the 

ventricle is activated by atrial impulses earlier than if 
the impulses were to reach the ventricles by way of the 
normal cardiac conduction
 ECG Criteria

 PRI <0.12 seconds
 QRS normal duration



Incidence
 Estimated to be 0.5 % of population
 70% female
 Average age 33.5 years



Major Accessory Bypass Tracts
 Kent Bundles
 James Fibers
 Mahaim Fibers



Kent Bundle
 Represent 95% of preexcitation pathways
 Are electrically active muscular fibers bridging the 

atria and ventricle.
 Can be located just about any point where the atria 

and ventricles are contiguous, most often:
 Laterally or posteriorly, connecting the left atria and left 

ventricle





Wolfe-Parkinson-White
 Kent Bundle
 ECG

 Short PRI
 Normal QRS
 “Delta wave”



Lown-Ganong-Levine Syndrome 
1952
 First identified in 1938 

 Clerc, Levey & Critesco
 James Fibers
 Mahaim Fibers



James Fibers
 Continuations of the internodal pathways that connect 

the sinus node and the AV node
 Are felt to bypass the AV node and terminate in the 

common bundle or in the muscle of the 
interventricular septum

 Circumvents the AV node delay



Mahaim Fibers
 Pass from the right atrium or AV node directly into the 

right bundle branch or right ventricular muscle
 “short circuits” the cardiac impulse thereby causing 

the impulse to deviate from its normal course and 
activate the right ventricle prematurely.



Summary
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