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Cardiac Conduction 
 
Reference: Physiology (7th Ed.); Berne, Levy, Koeppen & Stanton, Chap. 16. 
 
Learning Objective 
 Conduction of the cardiac impulse determines the efficiency of the heart as a pump.  
Disturbances in conduction result in cardiac arrhythmias and impair cardiac performance.  
Cardiac conduction can be evaluated by the waveforms of the electrocardiogram (EKG).  
 
You should be able to: 
 

1. Describe the structure and function of the intercalated disc and the role of gap junctions in 
cardiac conduction. 
 

2. Describe the structure – function relationship of different cardiac cell types. 
 

3. Explain how the space constant and action potential upstroke determine electrical 
conduction between cardiac cells.   
 

4. Define the relationship between the resting membrane potential and the Na channel 
availability and how this relationship affects conduction in the heart. 
 

5. Define the P-R interval and QRS complex and how they can be used to evaluate 
conduction through the AV node and ventricular muscle, respectively.    

 
6. Explain the cellular mechanisms by which parasympathetic (ACh) and sympathetic (NE) 

nerve activity affects conduction through AV node. 
 
7. Explain how autonomically-induced changes in AV conduction are manifest on the EKG. 
 
8. Define 1st, 2nd and 3rd degree AV block. 
 
9. Define supraventricular tachycardia, ventricular tachycardia, atrial fibrillation and 

ventricular fibrillation, and compare their effects on cardiac function (cardiac output).  
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A.   Conduction of the Cardiac Action Potential 
 
Intercellular Connections – Gap Junctions 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
INTERCALATED DISC - specialized region of intercellular connections between cardiac cells. 
Generally, there are three types of adhering junctions within an intercalated disc.  

• Fascia adherens: anchoring sites for actin that connect to the closest sarcomere. 
 

• Macula adherens: holds cells together during contraction by binding intermediate 
filaments, joining the cells together. Macula adherens junctions are also called 
desmosomes. 

 
• Gap junctions: low resistance connections that allow current (action potentials) to 

conduct between cardiac cells. 
1. cell membranes are very close (2-4 nanometers). 
2. intracellular connections through connexon channels.  
3. primary determinant of internal resistance in cardiac tissue 
4. sensitive to INTRACELLULAR [Ca2+] and [H+] (pH) ions.  

 
HEALING OVER - an increase in internal resistance that results from a decrease in the 
number of open gap junctions. Caused by an increase in intracellular (cytosolic) Ca2+ 
and/or H+ ions (decrease pH).  Clinical Application: electrical isolation of damaged tissue 
that results from myocardial infarction. 

 

Atlas of Histology, D. Cui, 2011, http://cellbiology.med.unsw.edu.
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B. Structure - Function Relationship 
   STRUCTURE    FUNCTION 
 
 1. SA node, AV node ........................ pacemaker activity 
  Small diameter (5-10µ), tapered ends 
  few gap junction connections  ............. slow conduction 
  few myofibrils  ..................................... weak contraction 
 
 2. Atrial and Ventricular Muscle ............. conduction/contraction 
  medium diameter (10-20µ), rectangular 
  abundant gap junction connections   ......... rapid conduction 
  abundant myofibrils .......................... strong contraction 
 
 3. His bundle, bundle branches, Purkinje fibers  ... very rapid conduction 
  large diameter (50µ), cylindrical      ......... very rapid conduction 
  abundant gap junction connections    ......... very rapid conduction 
  few myofibrils  .......................... weak contraction 
 
C.  Factors That Determine Cardiac Conduction: 

1) space (length) constant = (Rm/Ri)1/2 
Rm = membrane resistance is inversely related to K+ permeability. 
Ri = internal resistance is inversely related to number of gap junction connections 
AND inversely related to cell diameter. 

 
2) rate of rise AND amplitude of action potential 

• level of resting membrane potential (fast response only). 
• slow vs. fast response action potentials. 
• premature responses initiated during relative refractory period. 

   
 

Relationship between the number of available fast Na+ 
channels and the membrane potential BEFORE 
stimulation of an action potential.  The number of Na+ 
channels is maximal (1) at about -80 to -90 mV and is 
ZERO (0) at about -50 mV. 

 
  
 
  
Some conditions that influence the action potential upstroke as a result of changes in the 
resting membrane potential (RMP): 

a. hyperkalemia (more positive RMP) 
b. premature excitation during relative refractory period 
c. ischemia or myocardial injury  
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Effects of Hyperkalemia:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the figure above, an ABNORMAL increase in extracellular [K+] will result in a more positive RMP.  As a result, a 
percentage of fast Na+ channels are inactivated resulting in a slower rate of rise and smaller amplitude action 
potential, which SLOWS CONDUCTION of the action potential.   
 
This experiment illustrates several points:  During ischemia or infarct, intracellular K+ ions can 
leak out of damaged cells and accumulate in the interstitial (extracellular) fluid bathing the cells.  
The LOCAL concentration of K+ in the damaged region can increase to as much as 20 mEq/L 
(normally 4 mEq/L).  As illustrated, an increase in extracellular [K+] shifts the RMP to more 
positive voltages, and thereby inactivates Na+ channels (see graph in previous figure) because of 
the voltage-dependent properties of the fast Na+ channels. As a result, conduction within the 
damaged region can slow dramatically, setting up the conditions necessary for arrhythmias (due 
to re-entry of excitation). 
 
D. Cardiac Conduction Determined from the Electrocardiogram. 
 

 
P-R interval = conduction time from atria to 
ventricular muscle. 
  
QRS interval = intra-ventricular conduction 
time, i.e. conduction through ventricles. 
  
 
 
 
 
1.  Atrioventricular (AV node) conduction:  

a) normally delays conduction to permit optimal ventricular filling. 
b) action potential is slow response due to slow inward Ca2+ current. 
c) long refractory period (post-repolarization refractoriness).  
d) the long refractory period of the AV node protects the ventricles from abnormally high 
atrial rates, i.e. atrial flutter or fibrillation. Important in the clinical management of 
atrial fibrillation. 
e) AV nodal conduction time clinically determined by P-R interval.  
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2.  EKG recordings of AV nodal conduction abnormalities: 
  
 
 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
-  1st degree heart block - abnormal prolongation in P-R interval greater than 0.20 sec. 
-  2nd degree heart block - some atrial impulses fail to activate ventricles; not all P waves 

are followed by a QRS complex. 
-  3rd degree heart block - complete AV nodal block; no consistent P-R interval. 

 
 3. Ventricular Conduction - Rapid conduction through the His-Purkinje system: 

a) brings the electrical impulse to the endocardial surface, resulting in endocardial 
to epicardial activation of the ventricles.  

b) results in the normally narrow QRS complex (less than 100 msec in duration).  
c) synchronizes ventricular activation (contraction). 
d) intra-ventricular conduction time is clinically determined by the duration of 
QRS complex (interval).   

 
4. EKG recordings of abnormal ventricular conduction:  

a) slurred QRS complex indicates slowed intra-ventricular conduction. Associated with 
abnormal wall motion. Possible causes: hyperkalemia, ischemia, ventricular 
tachycardia. 
b) notched QRS complex indicates asynchronous electrical activation of left and right 

ventricles.  Possible causes: left and/or right bundle branch blocks. 
c) ventricular conduction during different types of tachycardia (see Fig. below) 
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A)  During supraventricular tachycardia (SVT) conduction through the ventricles is normal (rapid) 
because the impulse comes from the atria and travels through the AV node into the His-Purkinje system.  
Therefore the QRS duration is normal.  As a result, ventricular wall motion is normal and therefore stroke 
volume is not significantly compromised.  
 
B)   During ventricular tachycardia (VT) conduction through the ventricles is not normal (relatively 
slow) because the impulse originates within the ventricular muscle and therefore does not travel through 
the His-Purkinje system. Therefore the QRS duration is abnormally prolonged (slurred).  As a result, 
ventricular wall motion is abnormal and stroke volume is compromised.   
 

 
5.  Atrial Conduction 

  Atrial conduction is determined from the shape of the P wave of EKG.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Atrial fibrillation (top) and ventricular fibrillation (bottom) are conduction abnormalities due to re-

entry of excitation. As a result of this highly disorganized electrical activity, the contractile activity 
of the atria or ventricles becomes completely asynchronous and their pumping action ceases!  
Atrial fibrillation is not life-threatening (why?) and ventricular fibrillation is rapidly fatal (why?).  
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F. Effects of autonomic nerve activity (parasympathetic and sympathetic). 

 
1.  Acetylcholine (ACh) is released from parasympathetic nerves (vagus nerve). 

a) acts via muscarinic receptors (blocked by atropine). 
b) increases K+ permeability directly via G-proteins. As a result, ACh hyperpolarizes 

the membrane potential away from threshold. 
c) inhibits adenylate cyclase activity and cAMP synthesis. As a result, ACh decreases 

slow inward Ca2+ current indirectly via inhibition of cAMP synthesis. 
d) directly inhibits atrial muscle, SA node and AV node.  

- inhibits atrial muscle contraction:  negative inotropic effect 
- Inhibits SA node pacemaker activity: slows heart rate; lengthens R-R interval. 
- inhibits AV node conduction:  lengthens P-R interval 

e) NO DIRECT effect on basal ventricular muscle function. 
 
2.  Norepinephrine (NE) is released from sympathetic nerves. 

a) affects all areas of the heart 
b) acts primarily via beta-1 adrenergic receptors to increase cAMP. 
c) increases slow inward Ca2+ current. 

- increases atrial and ventricular muscle contraction:  positive inotropic effect. 
- increases SA node rate: increases heart rate; decreases R-R interval 
- increases AV node conduction: decreases P-R interval. 
 
 


