
FHB 2023 – Cardiac Physiology  
Seth L. Robia, Ph.D. (CTRE 526)  
 

Mechanisms of Cardiac Arrhythmias 
 
Reference: Physiology (7th Ed.); Berne, Levy, Koeppen & Stanton, Chap. 16. 
 
Learning Objectives: 
 To perform as an efficient pump, the heart requires an orderly sequence of electrical 
activation.  Any disturbance in either impulse formation or impulse conduction or both in 
combination can result in cardiac arrhythmias and impaired cardiac performance.  It is therefore 
important to understand the cellular mechanisms responsible for different types of cardiac 
arrhythmias.   
 
You should be able to: 
 

1. Define cardiac arrhythmia (dysrhythmia). 
 

2. Define the 3 different cellular mechanisms responsible for cardiac dysrhythmias. i.e. 
altered automaticity, re-entry of excitation and triggered activity and how each 
mechanism can cause cardiac arrhythmias. 

 
3. Describe the cellular mechanisms responsible for altered automaticity, re-entry of 

excitation and triggered activity. 
 

4. Define bradycardia and tachycardia and understand under which conditions each of these 
rhythms may be normal or abnormal.  

 
5. Compare and contrast early after-depolarizations (EADs) and delayed after-

depolarizations (DADs) of triggered activity. 
 

6. Identify common types of cardiac dysrhythmias on an EKG recording, including sinus 
tachycardia, sinus bradycardia, 1st, 2nd and 3rd degree heart block, ventricular tachycardia, 
atrial fibrillation and ventricular fibrillation. 

 
7. Define different types of anti-arrhythmic therapies including anti-arrhythmic drugs, 

cardiac ablation, cardioversion and implantable defibrillators. 
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POSSIBLE MECHANISMS OF DYSRHYTHMIAS 
 

Cardiac arrhythmias result from disturbances in IMPULSE FORMATION or IMPULSE 
CONDUCTION or BOTH IN COMBINATION. 
 
Three general mechanisms of cardiac dysrhythmias: 
 altered automaticity (changes in pacemaker function) 
 re-entry of excitation (the impulse travels in a loop, sometimes repeatedly, without 
 being stimulated by a pacemaker) 
 triggered activity (a new impulse arises spontaneously from a non-pacemaker cell) 
These fundamental mechanisms are discussed below. 
 
A. ALTERED AUTOMATICITY 

Alterations in pacemaker rate that are mediated through changes in the pacemaker 
mechanisms that normally exist in pacemaker cells, i.e., the pacemaker cells located within 
the specialized conduction system. 

tachycardia is defined as a heart rate > 100 beats/min. 
bradycardia is defined as a heart rate < 60 beats/min. 

 
1. Possible causes of TACHY-dysrhythmias: 

a) norepinephrine (sympathetic nervous activity) 
b) stimulants – amphetamines 
c) ischemia – current of injury 
d) stretching - ventricular aneurysm  
e) sick sinus syndrome, fever, hyperthyroidism 
 
EKG manifestations of tachy-dysrhythmias: 
sinus tachycardia 
premature atrial contraction (PAC)  
premature ventricular contraction (PVC) 
atrial or ventricular tachycardia (AT; VT) 
supraventricular tachycardia (SVT) 

 
2. Possible causes of BRADY-dysrhythmias: 

a) drugs - anti-arrhythmics, beta-blockers, Ca2+ antagonists, digitalis, 
b) barbiturates, anesthetics. 
c) ischemia or infarct 
d) sick sinus syndrome 
e) aging - fibrosis 

 
 EKG manifestations of brady-dysrhythmias: 

sinus bradycardia 
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B. RE-ENTRY OF EXCITATION - can occur anywhere in the heart. 

Probably the most common cause of dysrhythmias seen clinically. 
1. There are 3 general requirements for re-entry of excitation. 

a) geometry for a conduction loop 
b) slow or delayed conduction 
c) unidirectional conduction block 

If only one or two of these conditions are present, the impulse will just die out without 
causing a recurring re-entry event. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.   Possible causes: 

a)  ischemia 
b)  infarction 
c)  congenital bypass tracts  
 Ex. Wolf-Parkinson-White (WPW) 

 
EKG manifestations: 

a)  premature atrial or ventricular beats 
b)  atrial or ventricular tachycardia 
c)  supraventricular tachycardia 
d)  atrial flutter 
e)  atrial or ventricular fibrillation 
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C. TRIGGERED ACTIVITY - can occur in atrial or ventricular tissues. 

 
1. Delayed Afterdepolarization  (DAD)  

a) Due to abnormally elevated INTRACELLULAR [Ca2+]. 
b) Clinically documented with dysrhythmias resulting from digitalis toxicity.  

 c) Possible causes: 
 i) digitalis toxicity 
 ii) elevated catecholamines 
 iii)  rapid heart rate 
 iv)  all in combination 

 
       d) Possible EKG manifestations: 
  i) premature atrial (PAC) or ventricular contractions (PVC) 
  ii) atrial or ventricular tachycardia 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Action potentials recorded from a Purkinje fiber intoxicated with a cardiac glycoside. BCL = basic cycle 
length at which the fiber was stimulated (indicated by dots).  As the fiber is stimulated at progressively 
shorter BCLs (higher rates), DAD amplitude is enhanced and results in triggered action potentials.  These 
triggered action potentials can be manifested as single premature beats or paroxysmal tachycardias. 
 
Mechanism: Elevated intracellular Ca2+ is taken up by the sarcoplasmic reticulum (SR). When the SR 
becomes overloaded with Ca2+, an action potential can trigger an abnormal release Ca2+ AFTER the 
action potential had ended. This released Ca2+ is extruded from the cell by the Na/Ca exchanger.  Because 
the exchanger carries 3 Na+ ions into the cell for each 1 Ca2+ out of the cell, it generates a net inward 
current carried by Na+.  This depolarizing inward current causes a delayed afterdepolarization (DAD).  If 
the DAD amplitude is large enough to bring the membrane potential to threshold, an action potential is 
generated throughout the heart.  This process can generate single or multiple beats, resulting in premature 
or repetitive rapid activity, i.e., tachycardias, respectively. 
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2. Early Afterdepolarizations (EAD) 
a) related to prolongation of action potential duration.  
b) mechanism is still not certain but believed to be due to an abnormal re-activation of 

slow inward Ca2+ current. 
c) also may contribute to prolonged Q-T syndrome by extending duration of action 

potential. 
d) Possible causes: 
 1. acidosis (as in ischemia)  
 2. hypokalemia 
 3. quinidine (class I anti-arrhythmic: Na channel blocker) 
 4. slow heart rates (bradycardia) 

 e)  Possible EKG manifestations: 
  1. premature atrial (PAC) or ventricular contractions (PVC) 
  2. atrial or ventricular tachycardia (torsades de pointes) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Action potentials recorded from a Purkinje fiber.  Cesium is used to elicit EADs experimentally because it 
blocks K+ conductances and thereby lengthens the action potential duration.  As the stimulated cycle 
length (CL) is lengthened (rate slowed) EADs start to develop during the final phase of repolarization 
(CL=4 sec.).  At slower rates (CL=6 sec.), EADs hit threshold and generate single triggered action 
potentials.  At CL=10 sec. EADs generate repetitive triggered action potentials. Again, single triggered 
action potentials can result in premature beats and repetitive triggered action potentials can result in runs 
of tachycardia. 
 
Study Question: 
Can EADs and DADs be recorded by the EKG? 
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EKG recordings of some DYSRHYTHMIAS 
 
 
A.  Atrial premature beat 
 
 
 
 
 
 
 
 
B.  Ventricular premature beat 
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E.  Anti-Arrhythmic Therapies 
 1.  Drugs 
 2.  Radio-frequency ablation 
 3.  DC cardioversion 
 4.  Implantable Cardioverter-Defibrillator (ICD) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EKG Reference Values 

P-R interval: 0.12 – 0.20 sec (120-200 msec) 
QRS complex: 0.07 - 0.10 sec (70-100 msec) 
Q-T interval:  0.25 – 0.43 (250 – 430 msec) 
Tachycardia:  >100 beats/min 
Bradycardia:  <60 beats/min 
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GLOSSARY OF COMMONLY USED TERMS 
 
1. ACETYLCHOLINE - NEUROTRANSMITTER released from the parasympathetic 

nervous system. 
 
2. ANOMALOUS (INWARD) RECTIFICATION - A DECREASE in potassium 

permeability that occurs when the ELECTRICAL OR CHEMICAL DRIVING FORCE 
on potassium is INCREASED.  This is an inherent property of the cardiac cell membrane. 

 
3. ARRHYTHMIA (DYSRHYTHMIA) - A disturbance in the normal electrical activity of 

the heart due to either abnormal 1) IMPULSE FORMATION or 2) IMPULSE 
CONDUCTION or 3) BOTH. 

 
4. AUTOMATICITY - An INTRINSIC property of SPECIALIZED cardiac cells to 

INITIATE their own electrical activity i.e., PACEMAKER activity. 
 
5. BRADYCARDIA - Heart rate of less than 60 beats/minute. 
 
6. CHRONOTROPIC - Affecting the pacemaker RATE (frequency). 
 
7. CONDUCTION - The spread of electrical activity FROM CELL TO CELL in the heart. 
 
8. CONDUCTION VELOCITY - The speed with which conduction occurs; expressed in 

meters/second.  CONDUCTION VELOCITY IS INVERSELY RELATED TO 
CONDUCTION TIME. 

 
9. DELAYED AFTERDEPOLARIZATION (DAD) - A transient depolarization of the 

membrane FOLLOWING an action potential.  DADs are an ABNORMAL form of 
electrical activity caused by ABNORMALLY HIGH INTRACELLULAR Ca2+. 

 
10. DEPOLARIZATION - When the membrane potential becomes more POSITIVE than the 

resting membrane potential. 
 
11. DIASTOLIC DEPOLARIZATION (phase 4) - A SLOW depolarization of the membrane 

potential that is responsible for the AUTOMATICITY of cardiac PACEMAKER cells. 
 
12. DIGITALIS - A general term that refers to any CARDIOTONIC STEROID or 

GLYCOSIDE that INCREASES THE CONTRACTILE FORCE OF THE 
MYOCARDIUM (heart). 

 
13. EARLY AFTERDEPOLARIZATION (EAD) - A transient depolarization of the 

membrane DURING the later portion of the plateau phase or phase 3 repolarization of an 
action potential.  EADs are abnormal electrical events that may underlie some types of 
prolonged Q-T syndrome and other dysrhythmias. 
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14. EFFECTIVE REFRACTORY PERIOD (absolute refractory period) - The period of 

TIME during an action potential when a stimulus (regardless of strength) CANNOT 
produce a REGENERATIVE action potential. 

 
15. ELECTROCHEMICAL FORCE - The ELECTRICAL POTENTIAL and 

CONCENTRATION GRADIENT acting on ion to cross the membrane; these TWO 
factors influence the movement of ions ACROSS the membrane (ionic current flow). 

 
16. EQUILIBRIUM POTENTIAL - A THEORETICAL value at which the 

CONCENTRATION GRADIENT and the ELECTRICAL GRADIENT acting on a 
SINGLE ION are balanced.  This value is calculated by the NERNST EQUATION. 

 
17. HYPERPOLARIZATION - When the membrane potential becomes more NEGATIVE 

than the resting membrane potential. 
 
18. INOTROPIC - Affecting the CONTRACTILITY of muscular tissue. 
 
19. ION CHANNELS - Visualized as PORES within the sarcolemma through which ions 

move into and out of a cell. 
 
20. IONIC CURRENT - The flow of ions ACROSS the sarcolemmal membrane via ION 

CHANNELS; POSITIVE ions flowing into the cell represent INWARD CURRENT and 
POSITIVE ions flowing out of the cell represent OUTWARD CURRENT. 

 
21. ISCHEMIA - Reduced BLOOD FLOW to a region of tissue or an entire organ, usually as 

a result of an obstruction, such as a narrowed artery. Not synonymous with a lack of 
oxygen (hypoxia). 

 
22. NOREPINEPHRINE - Neurotransmitter released from the SYMPATHETIC nervous 

system. 
 
23. OVERDRIVE SUPPRESSION - When a pacemaker cell is electrically stimulated at a 

rate FASTER than its own intrinsic rate (OVERDRIVE), stopping the stimulation results 
in a temporary SUPPRESSION of pacemaker activity. 

 
24. RATE OF RISE (dV/dt) - This term refers to the RATE OF VOLTAGE CHANGE 

during the action potential UPSTROKE; expressed in volts/second.  DO NOT CONFUSE 
THIS TERM WITH SPONTANEOUS RATE. 

 
25. RE-ENTRY OF EXCITATION - An ABNORMAL form of CONDUCTION in which an 

impulse will RE-EXCITE PREVIOUSLY EXCITED tissue, resulting in SUSTAINED 
REPETITIVE activity. 

 
26. RELATIVE REFRACTORY PERIOD - The period of TIME during an action potential 

when a stimulus can produce SOME TYPE of REGENERATIVE action potential. 
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27. REPOLARIZATION - When the membrane potential RETURNS to more negative levels 

FOLLOWING a depolarization. 
 
28. RESTING MEMBRANE POTENTIAL - The electrical potential DIFFERENCE across a 

cell membrane; the INSIDE BEING NEGATIVE with respect to the outside positive. 
 
29. SARCOLEMMA - The plasma membrane of a muscle cell. 
 
30. SODIUM-POTASSIUM PUMP - A protein within the sarcolemma which functions to 

REMOVE SODIUM from the inside the cell and to RESTORE POTASSIUM to the 
inside of the cell.  The movement of sodium and potassium are COUPLED and 
METABOLIC ENERGY (ATP) is required. 

 
31. SODIUM-CALCIUM EXCHANGE - A protein in the sarcolemma which extrudes 

INTRACELLULAR Ca2+ from the cell in EXCHANGE for EXTRACELLULAR 
SODIUM flowing down its concentration gradient into the cell.  This process DOES 
NOT depend DIRECTLY on metabolic energy. 

 
32. SPONTANEOUS RATE - The FREQUENCY (beats/minute) of pacemaker activity.  DO 

NOT CONFUSE THIS TERM WITH RATE OF RISE OR CONDUCTION 
VELOCITY. 

 
33. TACHYCARDIA - Heart rate greater than 100 beats/minute. 
 
34. THRESHOLD - The membrane potential at which a REGENERATIVE action potential 

is produced.  This value depends on the type of action potential (slow vs. fast) as well as 
the ionic environment or presence of drugs. 

 
35. TRIGGERED ACTIVITY - ABNORMAL form of PACEMAKER activity usually 

lasting a short time, resulting from DADs or EADs. 


