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9. CARDIAC ELECTROPHYSIOLOGY 

We will look at: 

 Introduction to cardiac physiology 

 Electrical nature of intercellular 
communication  

 Free wall activation of the heart 

 Source models  

 ECG measurement and analysis  
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Introduction to cardiac physiology: 
The major cellular components of the heart 
are: 
 working muscle 

of the atria 
& ventricles 

 specialized 
conduction cells 

 pacemaker cells 
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Introduction to cardiac physiology (cont.): 
Pacemaker cells, located in the sinoatrial 
(SA) node, are characterized by being self-
excitatory. 
Following an action potential, rather 
returning to a stable resting potential, the 
transmembrane potential spontaneously 
increases until threshold is reached and 
another action potential is generated. 
This regular train of action potentials leads 
to a regular series of heart beats. 
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Introduction to cardiac physiology (cont.): 
Excitation from the SA node spreads cell-by-cell 
through the muscle of the atria. 
Non-conducting fibrous tissue separate the muscle 
cells of the atria and the ventricles.  Rather, 
excitation at the atrioventricular (AV) node in the 
right atrium is conducted to the ventricles by 
means of Purkinje tissue. 
The specialized tissue of the AV node causes very 
slow conduction, introducing the necessary delay 
between excitation of the atria and the ventricles. 
Excitation then spreads cell-by-cell through the 
muscle of the ventricles, roughly from 
endocardium to epicardium and from apex to base. 
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Introduction to cardiac physiology (cont.): 
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Introduction to cardiac physiology (cont.): 
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Introduction to cardiac physiology (cont.): 
Purkinje fiber action potentials are similar to 
those of the ventricle muscle cells, but with a 
sharper initial peak. 
Purkinje tissue is a specialization of cardiac 
muscle cells that behaves in many ways like 
a nerve axon. 
The spread of excitation cell-by-cell in the 
cardiac muscle and Purkinje fibers is 
achieved through electrical synapses 
– gap junctions. 
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Electrical nature of intercellular 
communication: 

(from Guyton & Hall) 
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Electrical nature of intercellular 
communication 
(Cont.): 
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Electrical nature of intercellular 
communication 
(cont.): 
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Electrical nature of intercellular 
communication (cont.): 
Cable analysis of Purkinje fibers gives 
λ ≈ 1 mm and τ = 18 ms. 
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Electrical nature of 
intercellular 
communication 
(cont.): 
Ventricular spread of 
excitation. 
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Electrical nature of intercellular 
communication (cont.): 
Ventricular spread of excitation. 
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