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Cardiac Pacemaker Mechanisms 
 
Reference: Physiology (7th Ed.); Berne, Levy, Koeppen & Stanton, Chap. 16. 
 
Learning Objectives: 
The primary pacemaker of the heart, i.e. the SA node, initiates the heart beat.  The heart also 
contains subsidiary or ectopic pacemakers. Abnormalities in pacemaker activity generate cardiac 
arrhythmias.  It is therefore important to understand the organization and cellular mechanisms of 
cardiac pacemaker activity. 
 
You should be able to: 
 

1. Define automaticity. 
 

2. Explain the hierarchy of cardiac pacemaker activity throughout the heart. 
 
3. Explain the cellular (ionic) mechanism responsible for SA node and Purkinje fiber 

pacemaker activity. 
 

4. Explain how changes in threshold potential, slope of diastolic depolarization and 
maximum diastolic potential can alter pacemaker activity, i.e. heart rate.  

 
5. Define overdrive suppression, and its effects on cardiac pacemaker function.  

 
6. Explain the cellular (ionic) mechanisms by which parasympathetic and sympathetic nerve 

activity regulate heart rate through changes in diastolic depolarization and maximum 
diastolic potential.  

 
7. Define sinus arrhythmia and how the different phases of respiration affect pacemaker 

rate. 
 

8. Explain how changes in SA node pacemaker rate and shifts in pacemaker location are 
manifest on the EKG. 
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Study Questions/Exercises 
Q: How can you determine from an EKG recording whether the SA node or a 

junctional or ventricular ectopic pacemaker is exciting the heart? 

A. Pacemaker Activity 
1. Hierarchy of pacemaker activity 

a) SA node is primary pacemaker and has the fastest inherent beating rate. 
b) atrial and ventricular subsidiary (latent or ectopic) pacemakers. 
c) hierarchy of pacemaker activity means that pacemakers in the heart are anatomically 

arranged based on their inherent beating rate: SA node > latent atrial pacemakers > 
AV nodal/His bundle (junctional) > bundle branches > Purkinje fibers. 

 
 
 
 
 
 
 

2. Diastolic depolarization (phase 4)  
a) SA node - multiple mechanisms underlie the SA node pacemaker activity. 

1. T-type Ca2+ current 
2. hyperpolarization-activated inward current (If) 
3. deactivation of K+ current (IK). 
4. inward Na/Ca exchange current activated by intracellular SR Ca2+ release. 

 
b)   Purkinje fibers - primarily due to If current and deactivation of K+ current. 
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Study Questions/Exercises 
Q: How would changes in heart rate appear on an EKG? 

3. Mechanisms responsible for changes in heart rate. 
a) change in the slope of diastolic depolarization. 
b) change in maximum diastolic potential. 
c) change in threshold 
d) pacemaker shifts - changes in pacemaker site can cause abrupt changes in heart rate 

because of the hierarchy of pacemaker activities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Overdrive Suppression 
When a pacemaker is stimulated (driven) at a frequency higher than its intrinsic 
frequency, stopping the stimulation results in a temporary suppression of pacemaker 
activity.  The SA node normally “overdrives” all subsidiary (ectopic) pacemakers in the 
heart and therefore suppresses ectopic pacemaker activity 
 

5. Clinical Applications: 
a) SA nodal or AV nodal block (2nd or 3rd degree heart block) 
b) stopping artificial pacemakers 
c) sick sinus syndrome 
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Study Questions/Exercises 
Q: How would vagal nerve stimulation affect an EKG recording? 
  

6. Autonomic control of heart rate 
a) Parasympathetic control 
Acetylcholine is released by the vagus nerve. Vagal nerve stimulation primarily inhibits 
pacemakers within the SA node, atria and AV nodal regions. Effects: 

i. specifically increases K+ permeability, hyperpolarizing max diastolic potential. 
ii. inhibits If current, decreasing slope of diastolic depolarization 

iii. inhibits cAMP-dependent slow inward (L-type) Ca2+ current. These channels 
determine the threshold potential, so the SA node cells become less excitable after 
vagal stimulation. In addition, this causes slower conduction through the AV node. 

 
      Manifestation of vagal control of the heart: Sinus Arrhythmia 

Normal variability in pacemaker cycle length (heart rate) caused primarily by respiratory 
changes in parasympathetic (vagal) nerve activity to the SA node.  
 
Sinus arrhythmia is more pronounced in aerobically trained individuals.  
 
- inspiration causes decrease in cycle length (increase in heart rate) by inhibition of 
parasympathetic nerve activity. 
- expiration causes increase in cycle length (decrease in heart rate) caused by stimulation 
of parasympathetic nerve activity.  

 
 
 
 
 
 
 
 
 
 
 
 
          Expiration         Inspiration 
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Study Questions/Exercises 
Q: How would sympathetic nerve stimulation affect an EKG recording? 

6. Autonomic Control of Heart Rate ...(continued) 
b) Sympathetic Control 
Norepinephrine is released directly on the heart from sympathetic fibers, adrenal glands 
secrete circulating catecholamines. Effects: 

i. stimulates If current, increasing slope of diastolic depolarization. 
ii. stimulates cAMP-dependent slow inward (L-type) Ca2+ current. These channels 

determine the threshold potential, so the SA node cells become more excitable after 
sympathetic stimulation. In addition, this causes faster conduction through the AV node. 

 
 
 

 
 
 
 
7. EKG recordings of various types of pacemaker rhythms. 

 


