
 1

 ANTI-ARRHYTHMIC DRUGS I & II 
 
I.   Ionic Basis of Cardiac Action Potential. 

 

 
 

Figure 1: The action potential and ion current mechanisms 
(Katzung, Fig. 14-3) 

 
A.  Resting membrane potential (RMP). 

1. primarily a K+ diffusion potential, i.e. high resting K+ permeability and 
 low Na+  permeability. 
2. RMP determined by the K+ concentration gradient across the membrane  
 

B.  Fast response action potential (atrial or ventricular) 
1. Upstroke (phase 0) - activation of fast Na+ channel.   
2. Phase 1 - transient outward K+ current and inactivation of Na+ channels. 
3. Phase 2 (plateau) - slow inward Ca++ current and decrease in K+   
 permeability.  Ca++ influx, K+ efflux.  
4. Phase 3 (final repolarization) - increase in K+ permeability and 
 inactivation of Ca++ channels.  
5. Phase 4 - resting membrane potential - K+ permeability high again. 
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C. Slow response action potential (SA node, AV node) 
1.  Depolarization - activation of slow inward Ca++ current 
2. Repolarization - inactivation of Ca++ current and increase in K+ 

permeability.  
 

D.  Pumps and Exchangers 
1.  Na+-K+ pump - maintains Na+ and K+ concentration gradients.  Na+ 

pumped out and K+ pumped in.  
2.  Na+-Ca++ exchange - maintains low intracellular [Ca++].  

 
E.      Functional Aspects of Na Channels. 
 

1. Resting channel: m activation gate closed; h inactivation gate opened. 
2. Activated channel: m gate opened; h gate opened = Na+ influx  
3. Inactivated channel:  m gate opened; h gate closed  
4. Recovery from inactivation:  time required to reset channel to resting 

state. 
5. Recovery from inactivation is both voltage- and time-dependent. 

Under normal conditions, as the action potential repolarizes (voltage) the 
Na+ channels recovers very rapidly from inactivation (less than 20 ms). 
Therefore, normally the action potential duration (voltage) is the primary 
determinant of refractory periods. 

6. However, some anti-arrhythmic drugs can increase the time required for 
the Na+ channel to recovery from inactivation and therefore increase the 
refractory period.  

7. Tachy-arrhythmias and premature beats (short cycle lengths) depend on 
the ability of Na+ channels to activate, inactivate and recover from 
inactivation RAPIDLY.  If a drug prolongs the recovery time of the Na+ 
channel (or Ca++ channel) then it can block tachycardias and premature 
beats from occurring.    

 
II.  Pathophysiology of Cardiac Arrhythmias  
   

1. High incidence, approx. 5% of the population, 80% after myocardial 
infarction  

2. Symptoms range from asymptomatic to severe hemodynamic 
consequences and death 

3. Etiology is multifactorial 
4. Mechanisms of all cardiac arrhythmias: i.) disturbed impulse formation, 

ii.) disturbed impulse conduction, or combination of i.) and ii.) 
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III. Basic Pharmacology of Anti-Arrhythmic Agents. 
 

A. In general, the aim of anti-arrhythmic therapy is to reduce ectopic 
pacemaker activity and/or modify conduction characteristics to restore 
normal function.  

B. However, anti-arrhythmic drugs DO NOT ACT SPECIFICALLY.  They 
have many untoward side effects including the DEVELOPMENT of 
LETHAL ARRHYTHMIAS (Cardiac Arrhythmia Suppression Trial 
(CAST) study). Therefore, pharmacological treatment of asymptomatic or 
minimally symptomatic arrhythmias should be avoided. 

C. Abnormal automaticity ( = i.) disturbed impulse formation): drugs are 
used to i.) reduce phase 4 slope (pacemaker activity), ii.) increase maximal 
membrane potential, iii.) increase threshold potential or iv.) increase 
action potential duration. 

D. Abnormal conduction: drugs are used to increase the refractory period (by 
ion channel blockades), thus preventing reentry or premature beats    

E. Use- or state-dependence of drug action: 
- Drugs that are more effective in blocking channels that are being used 
(activated) frequently or are in an inactivated state (depolarized). 
- Generally, use- or state-dependent anti-arrhythmic drugs have a higher 
affinity for activated Na+ or Ca++ channels (phase 0) or inactivated Na+ 
or Ca++ channels (phase 2 or depolarized) and low affinity for resting 
channels.  
- Therefore, these drugs block channels in tissues generating rapid 
electrical activities, i.e. tachycardia, premature beats or tissues with more 
positive resting membrane potentials, i.e. ischemic or infarcted tissues.  

 
III. General (Vaughan-Williams) Classification of Anti-Arrhythmic Agents. 

 
Generally, anti-arrhythmic drugs are classified by their PREDOMINANT effect 
on the action potential or their PREDOMINANT cellular mechanism of action.  
However, many drugs have multiple non-specific effects that are related to 
different classes of drug action.  Metabolites of drugs also may be biological 
active via different mechanisms of action. 
 
Class I – Na+ channel blockers, i.e. local anesthetic action.  

- Class IA - procainamide, quinidine, disopyramide 
- Class IB - lidocaine, mexiletine 
- Class IC  - flecainide, propafenone  

 

Class II - β-adrenergic receptor blockers  
- propranolol, esmolol 
 

Class III - prolong action potential duration and effective refractory period  
     (K+ channel blocker) 

-  amiodarone, dronedarone, sotalol 
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Class IV - Ca++ channel blockers 
-  verapamil, diltiazem  

 

Others 
- adenosine, magnesium, potassium, cardiac glycosides (digitalis) 
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Class 1: Na+ channel blockers (local anesthetic action) 

Subclasses (A-C) based on kinetics of channel inactivation and effects on action potential duration 
 

Drug 
 

Mechanism 
 

Effect 
 

Clinical application 
 

Pharmakokinetics, 
toxicities, interactions 

Class 1A Intermediate kinetics, prolongation of action potential duration 

PROCAINAMIDE Blocks Na+ and K+ 
channels 

Slows upstroke of AP and 
conduction, prolongs QRS 
complex. 
Direct depressant actions 
on SA/AN nodes 
use/state-dependent 
action 

 

Atrial and ventricular 
arrhythmias.  
2nd choice for ventricular 
arrhythmias after acute 
myocardial infarction. 

 

Dosage: po, i.v., i.m. 
t1/2: 3-4 hrs. 
metabolized to NAPA, 
renal elimination. 
Torsades des pointes, 
Hypotension 
Anticholinergic effects 
Long term use: Lupus 
syndrom 

QUINIDINE Similar to Procainamide, stronger anticholinergic effects, Cinchonism: headache, dizziness, tinnitus. Rarely used 
because of cardiac and extra-cardiac adverse effects 

DISOPYRAMIDE Similar to Procainamide, anticholinergic effects >> Procainamide and Quinidine, Anti-cholinergic effects (increases 
sinus rate and AV conduction) requires co-administration of drugs that slow AV conduction. Negative inotropic effects, 
may induce heart failure. Most extra-cardiac side effects result from atropine-like actions. Approved only for ventricular 
arrhythmias, Not drug of 1st or 2nd choice. 

Class 1B fast kinetics, reduction of action potential duration 

LIDOCAINE 

 

 

 

 

Na+ channel blockade 
Use/state-dependent 
drug action  

 

 

 

 

Rapid kinetics, at normal 
resting potential: no effect 
on conduction, recovery 
from block between action 
potential.  
Selective depression of 
conduction in depolarized 
(ischemic) cells 

 

Highly effective for ventricular 
arrhythmias after myocardial 
infarction. 
Drug of 1st choice for treatment 
of ventricular tachycardia and 
fibrillation after cardioversion in 
the setting of 
ischemia/infarction  
Prophylactic treatment not 
recommended (may increase 
mortality) 

Dosage: I.v. only, extensive 
first-pass hepatic 
metabolization. 
t1/2: 1-2 hrs (>3-6 hrs. with 
liver disease). 
Least cardiotoxic drug 
among Class I drugs. 
Neurological side effects due 
to local anesthetic properties. 
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MEXILETINE  Orally active lidocaine analogue. 
Actions/adverse effects similar to lidocaine. t1/2: 8-20 hrs. Off-label use: chronic pain (diabetic neuropathy, nerve injury) 

Class 1C slow kinetics, no effect on action potential duration 

FLECAINAMIDE 

 

 

 

Na+ and K+ channel 
blockade 
 

 

 

 

 

Although K+ channel 
blocker, no effects on 
action potential duration 
No anticholinergic effects 

Supraventricular arrhythmias 
in patients with otherwise 
normal hearts 

 

Well absorbed, t1/2: 20 hrs, 
elimination: liver and kidney. 
Increases mortality in 
patients with ventricular 
tachyarrhythmias, myocardial 
infarction and ventricular 
ectopy (contraindication!!) 

PROPAFENONE Potent blocker of Na+ channels, may also block K+ channels. Structural similarity to propanolol with weak β-blocking 
activity. Used for supraventricular arrhythmias in patients with otherwise normal hearts. Adverse effects/toxicity: 
Arrhythmogenic, sinus bradycardia/bronchospasm (β-blockade). Metallic taste and constipation.  

 
 
 



 7

 
 

Class 2: β-Adrenoceptor blockers 
 

Drug 
 

Mechanism 
 

Effect 
 

Clinical application 
 

Pharmakokinetics, 
toxicities, interactions 

PROPRANOLOL Inhibits normal 
sympathetic effects that 
act through β-
adrenoceptors. 
Non-selective β-blocker 

 

inhibits sympathetic 
influences on cardiac 
electrical activity. 
reduces heart rate 
decreases pacemaker 
currents (SA node 
automaticity) 
reduces conduction  
decreases catecholamine 
induced DAD and EAD 
mediated arrhythmias  

 

Prevention of recurrent 
infarction and sudden death 
after myocardial infarction. 
Also used for atrial fibrillation, 
atrial flutter and AV nodal 
reentry.  

 

Bradycardia, reduced 
exercise capacity, heart 
failure, hypotension, AV 
block. Contraindicated in 
patients with sinus 
bradycardia and partial AV 
block. Bronchospasm, 
caution in patients with 
asthma or chronic 
obstructive pulmonary 
disease. May mask 
tachycardia associated with 
hypoglycemia in diabetic 
patients  

ESMOLOL “cardioselective” β-blocker, short half-life, i.v. only, t1/2: 9 min. Indications: Supraventricular tachycardia (acute only)   

 
 
 
 



 8

 
 

Class 3: Prolongation of action potential duration (typically K+ channel blocker) 
 

Drug 
 

Mechanism 
 

Effect 
 

Clinical application 
 

Pharmakokinetics, 
toxicities, interactions 

AMIODARONE Blocks K+ channels 
Also blocks Na+, Ca++ 
channels, β-receptors  

Prolongation of action 
potential duration 
Prolongs refractoriness 
and slows conduction, 
suppresses abnormal   
automaticity and can slow 
normal sinus automaticity. 
Prolongs QT interval and 
QRS complex  

 

Oral: Recurrent ventricular 
tachycardia or fibrillation 
resistant to other drugs, also 
used for atrial fibrillation 
(maintains sinus rhythm) 
I.v.: 1st choice drug for out-of-
hospital cardiac arrest, 
termination of ventricular 
tachycardia or fibrillation  

Oral bioavailability 30-60%. 
Complex t1/2: 50% of drug 3-
10 days, portion up to 
several weeks. Highly 
lipophilic, accumulation in 
several organs (heart, lung, 
liver, cornea). Bradycardia 
and heart block in patients 
with SA/AV node disease. 
Pulmonary and hepatic 
toxicity, photodermatitis, 
cornea microdeposits. 
Structural analogue of 
thyroid hormone: blocks 
conversion of T4 to T3, 
source of inorganic iodine: 
Hypo- and hyperthyroidisms. 

DRONEDARONE Structural analogue of amiodarone without iodine atoms, designed to eliminate effects on thyroxine metabolism. 
Amiodarone like effects. t1/2: 24 hrs. Indications: atrial fibrillation/flutter. Contraindicated in severe or recently 
decompensated symptomatic heart failure. 

SOTALOL non-selective β-adrenoceptor blocker (see class 2) that inhibits delayed rectifyer and possibly other K+ currents. 
Racematic mixture of D- and L-sotalol, β-blocking activity due to L-isomer only, β-blocking activity at doses below 
effects on action potential duration. Indications: Ventricular and supraventricular arrhythmias. Maintenance of sinus 
rhythm in patients with atrial fibrillation.  
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Class 4: Ca++ channel blockers (Non-Dihydropyridines) 

 
Drug 

 
Mechanism 

 
Effect 

 
Clinical application 

 
Pharmakokinetics, 

toxicities, interactions 

VERAPAMIL blocks activated and 
inactivated Ca++ 
channels (L-type) 
primarily in the heart 

  

 

Use/state-dependent 
action. 
Major effects in slow-
response tissues- SA/AV 
node. 
Directly slows AV node 
conduction and increases 
AV node refractoriness, 
slows SA node 
automaticity. 
Lowers heart rate and 
increases PR-interval 

Supraventricular arrhythmias 
(drug of 1st  choice) 
Re-entry 
arrhythmias/tachycardias 
involving the AV node.  
Slows ventricular rate in atrial 
flutter/fibrillation  

 

Oral bioavailability 20%. 
Extensively metabolized in 
the liver (caution: liver 
dysfunction). t1/2: 7 hrs. 
Vasodilation (particularly 
after i.v. injection) and  
negative inotropic effects: 
Hypotension and fibrillation 
in patients with ventricular 
tachycardia  or  
left ventricular dysfunction 
AV block in patients with AV 
nodal disease or in high 
doses (to be treated with 
atropine or β-receptor 
stimulants). Heart block in 
patients with β-adrenoceptor 
blockers !!!  
Constipation, lassitude, 
nervousness, vasodilation, 
peripheral edema.  

DILTIAZEM Similar to Verapamil, lower cardioselectivity, used also for hypertension and angina pectoris. 
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Other drugs (not classified) 

 
Drug 

 
Mechanism 

 
Effect 

 
Clinical application 

 
Pharmakokinetics, 

toxicities, interactions 

ADENOSINE Increases K+ 

conductance 
(hyperpolarization) and 
inhibits Ca++ currents via 
purinergic receptors 

 

Primarily acts on atrial 
tissues, slows AV node 
conduction and increases 
AV node refractoriness, 
produces transient cardiac 
arrest  

Drug of choice for conversion 
of paroxysmal supraventricular 
tachycardia to sinus rhythm  

 

 t1/2: seconds. 
Rapid i.v. bolus dose 
required (initially 6 mg i.v.) 
Less effective with 
theophylline/caffein, 
potentiated by dipyridamole. 
Flushing and shortness of 
breath.   

MAGNESIUM  Mechanism unknown, 
influences/inhibits 
Na+,K+-ATPase, Na+, 
K+, Ca++channels, 
alters membrane 
surface charge 

Anti-arrhythmic effects in 
some patients with normal 
Mg++ levels. 
May inhibit 
afterdepolarizations.  

Digitalis induced arrhythmias 
with hypomagnesemia. 
May be effective against 
torsade des pointes 

I.v. 

POTASSIUM Hyperkalemia:  
depolarizes resting 
membrane potential 
Hypokalemia:  
decreases K+ 
permeability 

Hyperkalemia:  slows 
conduction (may lead to 
re-entrant arrhythmias and 
AV nodal block). 
Hypokalemia:  enhances 
ectopic automaticity, 
lengthens action potential 
duration which can lead to 
EADs (torsades de 
pointes). 

Maintain normal plasma K+  I.v., p.o. 
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CARDIAC 
GLYCOSIDES 
(DIGITALIS) 

Inhibit Na+/K+-ATPase, 
thereby affecting Na+-
Ca++ exchange, 
increase intracellular 
Ca++ 

Positive inotropic actions 
(used widely in heart 
failure) 
Parasympathomimetic 
effects: increase AV nodal 
refractoriness and slow AV 
node conduction. 

Atrial arrhythmias. In atrial 
flutter or fibrillation 
parasympathomimetic effects 
slow AV nodal conduction, 
thereby slowing excessively 
high ventricular rates. 

Long t1/2: (digoxin: 40 hrs, 
digitoxin: 160 hrs), loading 
doses required. Eliminated 
by the kidney. Narrow 
therapeutic window. 
Development of arrhythmias 
(DAD).  
Many drug interactions 
(amiodarone, verapamil, 
flecainide)!!! 
Hypokalemia/magnesemia 
enhance toxic effects.  
Loss of appetite, nausea, 
blurred vision, visual 
disturbances (yellow-green), 
drowsiness, depression. 
Severe digitalis toxicity can 
be reversed by digoxin 
antibodies. 

 


