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Week 2 Lecture 6  MECHANISMS UNDERLYING PHARMACOLOGICAL 

TREATMENT OF ARRHYTHMIAS.
The following contains objectives, notes and lecture hand-outs. 

OBJECTIVES

1.
Complete preparation by a) reviewing the different cardiac ion channels and their role in cardiac action potential generation in different types of cardiac tissue, b) review mechanisms underlying arrhythmias (ectopic foci, re-entry), and c) the various clinical types of arrhythmias.

2.
Understand the various modalities for treating arrhythmias.

3.
Understand the classification systems used for antiarrhythmic drugs.

4.
Understand the actions of various classes of antiarrhythmic drugs on myocardial ion channels and from such an understanding, derive their actions on cardiac action potentials in the various cardiac tissues.

5.
Know reasons for using specific antiarrhythmic drugs for specific arrhythmias (e.g. calcium channel blocker - verapamil - reduces calcium currents (conduction) in the atrioventricular node to prevent atrioventricular nodal re-entry as a cause of paroxysmal supraventricular tachycardia).

6.
Realize that the essential aim in the drug treatment of arrhythmias is to terminate or prevent arrhythmias, or to control ventricular rate, and to REDUCE MORTALITY.  However, toxicity is common with antiarrhythmic drugs.

7.
Realize that antiarrhythmic toxicities can arise from over-expression of a basic pharmacological action (e.g. sodium or calcium channel blockade), or are drug specific (e.g. amiodarone).

8.
Be able to describe some common toxicities of antiarrhythmic drugs.

9.
Supplement hand-outs with your own personal notes.

NOTES FOR LECTURE ON ANTIARRHYTHMIC DRUGS

Treatment of arrhythmias include use of electrical stimulation, surgical ablation and drug therapy.  No one modality controls all types of arrhythmias.  The choice of which therapeutic modality to use depends upon the type of arrhythmia being treated, and the patient’s condition.  The rational drug treatment of arrhythmias depends upon a good understanding of arrhythmias and antiarrhythmic drugs.  It is necessary to understand the mechanisms of action of the various antiarrhythmic drugs, their pharmacokinetic characteristics and toxicities.  One fundamental of antiarrhythmic drugs is that despite their usefulness in treating certain arrhythmias they are, almost without exception, also capable of inducing arrhythmias.  The rational use of antiarrhythmics requires the appreciation of two important concepts.  The first relates to the classifications of antiarrhythmics on the basis of their pharmacological actions; the second on targeting antiarrhythmic drugs to specific arrhythmic mechanisms.  As examples of the above, arrhythmias due to excessive activity of the sympathetic autonomic nervous system can be treated with beta blockers (Class II antiarrhythmics).  On the other hand, beta blockers, by blocking sympathetic influences on the atrioventricular node can block the atrioventricular node.

Antiarrhythmic drug therapy can be approached in terms of arrhythmias arising from nodal, atrial or ventricular tissue

.  

Nodal arrhythmias:  Disorders of the sinoatrial node due to inappropriate parasympathetic (acetylcholine) or sympathetic tone (norepinephrine and epinephrine) can be treated with muscarinic receptor or beta receptors blockers, respectively.  Re-entrant paroxysmal supraventricular tachycardias involving the atrioventricular node can be terminated by calcium channel blockers (known as Class IV antiarrhythmics) or adenosine, both of which reduce calcium currents and thereby depress nodal tissue.

Atrial arrhythmias:  Atrial tachyarrhythmias (tachycardia & fibrillation) can result in rapid ventricular rates and reduced cardiac output, respectively.  Treatment has three aims: 1) to control ventricular rate; 2) to terminate an arrhythmia and 3) to prevent future arrhythmias occurring.  Depression of the atrioventricular node will slow ventricular rate.  Beta blockers, calcium channel blockers and the cardiac glycoside, digoxin, all depress the atrioventricular node.  Note: With atrial tachycardia it may be difficult to control ventricular rate and therefore, paradoxically, it can be advantageous to convert atrial flutter to atrial fibrillation.   

Termination of atrial tachyarrhythmias is most easily achieved by electrical stimulation, but drugs are useful.  Class I antiarrhythmics, by virtue of sodium channel blockade, reduce excitability and thereby can terminate atrial arrhythmias.  Class III antiarrhythmics (generally potassium channel blocker) increase the ventricular refractory period and thereby terminate atrial tachyarrhythmias.

Ventricular arrhythmias:   Ventricular tachyarrhythmias can be fatal whereas ventricular fibrillation is always fatal unless electrically defibrillated.  However, drug therapy has proven of little value in the prevention of such arrhythmias. 

In order to understand the actions and uses of antiarrrhythmic drugs attempts have been made to classify these drugs.  All classification systems have varying success and limited usefulness.  The following is the most commonly used classification system for antiarrhythmic drugs:

 The Vaughan Williams/Harrison classification of antiarrhythmics.

Note: This classification is not very rigid.  It is based upon limited experimental electrophysiological studies in isolated cardiac tissue, and upon clinical findings.  It is not inclusive of all antiarrhythmic drugs that have been used to treat arrhythmias.

Class I - sodium channel blockers - come in three flavours.  

Class Ia - have increased potency at high heart rates, also block potassium channels, e.g. quinidine, procainamide.

Class Ib - are effective sodium blockers only at high heart rates, e.g. lidocaine, mexilitine.

Class Ic - equally effective sodium blockers at all heart rates, e.g. flecainide, encainide
Class II  - antagonists (blockers) at beta adrenoceptors, e.g. propranolol, dl sotalol.

Class III - potassium channel blockers, e.g. amiodarone (also has Class I and IV actions), D sotalol, dofetilide. 

Class IV - calcium channel (L type) blockers, e.g. only verapamil and diltiazem.

Unclassified - adenosine has actions on nodes similar to parasympathetic stimulation (acetylcholine).  Terminates re-entry in atrioventricular node.  Given i.v. and has ultra short duration of action.

     
      - digoxin indirectly increases vagal nerve activity and this, together with its direct actions, depresses atrioventricular node conduction and slows ventricular rate in atrial fibrillation.

The "Sicilian gambit" is a classification based upon molecular actions and vulnerable parameters involved in arrhythmias.  Molecular actions occur at receptors, ion channels, etc. 

Electrophysiological Mechanisms of Action:

Sodium channel blockers (Class I) depress Phase 0 of both atrial and ventricular action potentials (to an extent that depends on rate and type of drug); slows conduction in ventricle resulting in a widening of the QRS of ECG). Also reduce excitability and automaticity.  Class Ia can also widen QT by blocking potassium currents and slowing repolarization.

Calcium channel blockers (Class IV) depress Phase 0 of nodal tissue and thereby widens PR of ECG because of slowed conduction in atrio-ventricular node.

Potassium channel blockers (Class III) slow repolarization.  Exact actions depend upon which potassium current they block.  Widen QT of ECG.  (Note: Potassium currents vary with type of cardiac tissue considered).

It is noteworthy that antiarrhythmics may or may not target the specific derangement responsible for an arrhythmia, i.e. target pathology.  Class II and Ib drugs show selectivity for pathology by blocking arrhythmogenic stimulation of beta adrenoceptors (Class II) or acting only at high (arrhythmic) rates (Class Ib).  Similarly adenosine and verapamil block re-entry in the atrioventricular node.

Therapeutic Note   The object of antiarrhythmic therapy is to abolish arrhythmias, control ventricular rate and reduce mortality.  However, many antiarrhythmics can increase mortality.  Only beta blockers and amiodarone have been shown to save lives.  A variety of drugs can be used to control ventricular rate in atrial fibrillation, terminate the arrhythmia, or prevent its recurrence. 

Toxicity associated with Antiarrhythmic Drugs

Toxicities: The use of antiarrhythmics is limited by their lack of effectiveness and toxicity which occurs quite often.   

Toxicities can relate to the basic mechanism of action, be specific to each drug and paradoxically include arrhythmias.  The following are some useful generalisations:-

Induction of potentially fatal arrhythmias:  Class I (particularly Ic and Ia) may increase the incidence of sudden death in "at-risk" patients.  Class Ia and III cause a type of polymorphic ventricular tachycardia known as torsade de pointes.

Induction of atrioventricular block: Class I but most with II and IV.

Cardiovascular depression: All Class I, particularly Class Ia and Ic, Class IV  

Atropinic side effects:  Class Ia

Beta blocker side effects: Class II.  These include bradycardia, fatigue, intermittent claudication, asthma.

Nausea,  vomiting and diarrhea: Class Ia and digoxin

Constipation: Class IV.

Paraesthesias and convulsions: Class Ib

Drug specific toxicities:  Lupus syndrome with procainamide, chinconism with quinidine, pulmonary fibrosis, skin colouration and sun sensitivity, corneal deposits and thyroid disorders with amiodarone 
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TREATMENT OF ARRHYTHMIAS. 

Available modalities

· Ablation of the pathological cardiac tissue responsible for arrhythmias (by surgical, electrical, or ultrasound methods).

· Electrical stimulation of the heart by means of an implanted device, or externally. 

· Drug therapy with an appropriate antiarrhythmic

DRUG TREATMENT of ARRHYTHMIAS  

Depends critically on various factors:

· Site and Type of arrhythmia (nodal, atrial, ventricular) - non-cardiac causes (e.g. drugs, thyrotoxicosis, ionic imbalance, etc), mechanism (ectopic foci, re-entry)

· Actions of antiarrhythmic drugs (electrophysiological, pharmacological and toxicological)

· Pharmacokinetics of antiarrhythmic drugs in terms of absorption, distribution, metabolism & excretion.

· Toxicity of drug (due to basic mechanism of action, ancillary pharmacological actions or drug specific toxicities)

Illustrative examples:

Beta blockers used for atrial and ventricular arrhythmias-

remove arrhythmogenic source-side effects due to excess beta blockade

Adenosine used to terminate atrioventricular node re-entry arrhythmias - abolishes re-entry circuit in atroventricular node - toxicity is due to vasodilator actions on blood vessels. 

ANTIARRHYTHMIC CLASSIFICATION

The classification of antiarrhythmic drugs is empirical and functional in nature, neither fully inclusive, nor exclusive.

Vaughan Williams/Harrison classification is based upon:- 

· Molecular (ion channel) & cellular electrophysiological (ionic current) actions and/or pharmacological properties; 

· Clinically on electrophysiological findings in man.

Class
Experimental cardiac actions
Clinical cardiac observations

I
All are sodium current blockers - reduce Phase 0 of atrial and ventricular action potentials
Depends upon subclass (see below)

Ia
Also blocks potassium currents (slows repolarization)and blocks muscarinic receptors -moderately frequency dependent with sodium channel blockade greater at higher heart rates, potentially arrhythmogenic.
Widen QRS and QT.  Slows conduction in ventricles and atria.

Causes torsade de pointes.

Ib
Only blocks sodium channels at high heart rates-(high frequency dependence)
No ECG effects at normal sinus rates

Ic
Blocks sodium channels regardless of heart rate, arrhythmogenic.
Widens QRS and slows conduction in ventricles and atria.

II
Beta blockers
Bradycardia and prolongation of PR interval

III
Prolongs action potential (by blocking repolarizing potassium currents)
Widens QT inteval

IV
Blocks calcium currents
Prolongs PR interval and may produce bradycardia.

Drugs which can be used to treat arrhythmias but are not in the above classification include:-

Adenosine acts primarily to depress calcium channels in nodal tissue.

Digoxin - a cardiac glycoside whose actions in arrhythmias are mediated indirectly via the vagus nerve and directly on heart cells.

Autonomic drugs such as parasympathetic blockers (atropinics) which block the action of the parasympathetic nervous system (transmitter of vagus nerve - acetylcholine) on the heart and adrenaline to stimulate the heart via beta receptor activation.

Ions (K+, HCO-3) used to correct the ionic balance of the body

TOXICITY AND SIDE EFFECTS OF ANTIARRHYTHMICS.
Can involve the following:-

· Cardiovascular depression - most common and relates to cardiac depression and/or vasodilation.

· Excess of non-cardiac pharmacological actions.

· Drug specific toxicity.

---------------------------------------------------------------------------------------------------------

Cardiac depression & hypotension:-

Class I (due to sodium channel blockade and vasodilation). 

Class II (removal of cardiac sympathetic tone). 

Class IV (blocks calcium channels in heart and blood vessels).

Induction of arrhythmias:-

Sudden death with Class I (especially Class Ic).

Torsade de pointes (with Class III and Class Ia).

AV node block (with Class II and IV)

Vascular depression (vasodilation):-  occurs with Class I and IV drugs and adenosine

Excess pharmacological actions:-  beta blockers produce asthma, fatigue, etc.; atropine-like actions with Class Ia drugs; constipation with verapamil

Drug specific toxicity:-

Digoxin various g.i. and nervous system toxicities.

Chinconism with quinidine.

Lupus syndrome with procainamide.

Pulmonary fibrosis, skin colouration with amiodarone

REFERENCE SHEET (A)
TYPES OF ARRHYTHMIAS treated with drugs.

· SUPRAVENTRICULAR 



Nodal 

Sinoatrial - bradycardia (slow rate) or tachycardia (fast rate)
Atrioventricular - conduction failure (AV block) or re-entry (nodal tachycardia) 









Atrial

Atrial Tachycardia  -  also known as flutter - rapid regular atrial rate which generally results in some degree of AV block

Atrial Fibrillation -   irregular chaotic atrial contractions which impair atrial filling and results in an irregular but high ventricular rate

· VENTRICULAR 




Conduction defects in ventricle




Ventricular tachyarrhythmias
Ventricular Tachycardia  -  rapid regular ventricular rate which impairs ventricular filling and lowers cardiac output to the extent of causing symptoms of brain ischaemia (dizziness and fainting).  Most terminate spontaneously but can degenerate to ventricular fibrillation.

(Torsade de Pointes = a special type of ventricular tachycardia (often drug induced).)

 Ventricular Fibrillation -   irregular chaotic ventricular contractions with no cardiac output.  Will cause death unless reverted - electrical defibrillation.

· CAUSES of ARRHYTHMIAS

Inappropriate cardiac autonomic nerve activity - sympathetic (excitatory) to all parts of hearts; parasympathetic (inhibitory) to atria and nodes only.

Ions and chemicals - potassium, acidosis

Pre-existing anatomical defects - missing or extra cardiac tissue, aberrant ion channels 

Pathological damage - enlarged atria, myocardial ischaemia leading to infarction (small and large scars) 

REFERENCE SHEET (B)

A LIST OF ANTIARRHYTHMIC DRUGS

· Class Ia:
quinidine

procainamide

disopyramide

Used orally for treatment of atrial (and sometimes ventricular) arrhythmias, commonly have atropinic side effects, cardiovascular depression, nausea, vomiting and diarrhoea, arrhythmias (T de P). 

· Class Ib:
lidocaine  used only i.v. for ventricular arrhythmias
mexilitine

Used for ventricular arrhythmias.  Side effects - CNS.

· Class Ic:
flecainide

encainide
Preferably used only by specialists.  Side effects of arrhythmias (T de P). 

Class II
Beta blockers such as propranolol, nadolol (-olol drugs)

Class III
Amiodarone only drug which prevents sudden death due to ventricular arrhythmias and useful in atrial arrhythmias, multiple toxicities, mixed action on ion channels
D sotalol

Newer drugs



Useful for atrial arrhythmias 

Class IV:
verapamil: used orally for atrial arrhythmias and i.v. bolus for PSVT, can block AV node, constipation, hypotension. 



diltiazem

Digoxin:
Used orally (an occasionally i.v.) for treatment of atrial arrhythmias and PSVT
Adenosine:
Used for PSVT involving AV node re-entry; given as i.v. bolus, ultra-short acting, vasodilation is major side effect.

REFERENCE SHEET (C)
SPECIFIC DRUGS FOR SPECIFIC ARRHYTHMIAS.
Supraventricular arrhythmias

Nodal

SA node: bradycardia treated with atropinics, some tachycardias by beta blockers.

AV node:- re-entrant tachycardias in node treated with adenosine, verapamil, diltiazem, digoxin.
Atrial 


Flutter (tachycardia):- treatment has the objectives of abolition/prophylaxis of the arrhythmia although conversion of atrial flutter to atrial fibrillation allows for easier control of ventricular rate.

Fibrillation:- treatment has two objectives; control of ventricular rate, and abolition/prophylaxis.

Drugs used for atrial tachyarrhythmias include: Beta blockers, Class Ia and Ic, verapamil/diltiazem, digoxin, digoxin followed by Class Ia, newer Class III agents.  

Ventricular arrhythmias

(Currently the most effective treatment is with implanted automatic defibrillators).


Ventricular tachycardia
Lidocaine can prevent VT in acute myocardial infarction.  Amiodarone may reduce mortality in at-risk patients.  Class Ic initially used for VT but found to increase mortality - Class Ia also suspected to increase mortality.  Class I drugs best reserved for specialist use in VT treatment. 

Ventricular fibrillation

Lidocaine will reduce VF in acute myocardial infarction. but does not reduce mortality.  Amiodarone reduces mortality in at-risk patients.  Beta blockers reduce mortality in post myocardial infarction patients, possibly, in part, by reducing VF.  

