Pharmacology—Dysrhythmics 
Overview


Arrhythmia is an abnormal origin, rhythm, or rate of heartbeats.  Occur as a result of disturbances in cardiac impulse formation or conduction.  Supraventricular arises in the atria or AV node.  Ventricular arises in the ventricles.  Tachyarrhythmias are rapid heart rates.  Bradyarrhythmias are low heart rates.

Some are benign and do not require treatment.  If cardiac output or blood pressure is reduced or if the arrhythmia precipitates a more serious rhythm disturbance, treatment is required
Pathophysiology

Normal Heart Beat

Originates in the SA node in the right atrium(atrium(AV node( bundle of His(left and right bundle branches(Purkinje fibers(ventricles
Causes of Arrhythmia

1) Coronary ischemia

2) Tissue hypoxia

3) Electrolyte disturbances

4) Over stimulation of SNS

5) General anesthetics

6) Any other condition or drug that may affect cardiac transmembrane potentials 
Abnormal Impulse Formation


Increased automaticity is caused by any change that causes the tissues to depolarize more rapidly and thereby generate abnormal impulses.  There is a decrease in the time that required for depolarization from the maximum diastolic potential to the threshold potential.


After-depolarizations are abnormal impulses resulting from spontaneous generation of action potentials during or immediately after phase 3 repolarization.  Causes include abnormal calcium influx or digitalis glycosides.
Abnormal Impulse Conduction


Abnormal impulse conduction is the formation of arrhythmia by the process of reentry, a process that involves re-excitation of a particular zone of cardiac tissue by the same impulse.  Most common mechanism responsible for arrhythmias.  Reentry can occur in the ventricular tissue and in the AV node (supraventricular tachycardia)

Drug-Induced Arrhythmias


Sympathomimetics increase the automaticity of the SA node, AV node, or His-Purkinje fibers.  Leads to tachyarrhythmias.


Digitalis glycosides cause after-depolarizations by increasing calcium influx into cardiac cells.  Also impair AV node conduction and can cause AV block.


Torsades de pointes ventricular tachycardia is slow ventricular repolarization and QT prolongation.  Caused by anti-arrhythmic drugs like quinidine and sotalol, psychotropic drugs like phenothiazines, and other miscellaneous drugs like cisapride.  
Mechanisms and Classification of Anti-arrhythmic Drugs


Type I/Class I is the largest group.  They are Na channel blockers.  They bind to Na channels when they are open and inactivated and dissociate from the channel during the resting state.  It has a more pronounced effect on cardiac tissue that is rapidly firing.  Further subdivided based on their rate of dissociation from the Na channels: Type IA has a greater affinity for open state with slow recovery; Type IB has a greater affinity for inactivated state and slow recovery.  More pronounced effect on ischemic tissue; Type IC has a greater affinity for open state and very slow recovery.  Greater effect on ventricular conduction.


Type II/Class II is a beta-adrenergic receptor blocker.  Type III/Class III are potassium channel blockers or other drugs which prolong action potential duration.  Type IV/Class IV are calcium channel blockers.  Type V/Class V is the miscellaneous group.  
TYPE I/CLASS I DRUGS
Type IA Drugs

Type IA drugs block sodium and potassium channels.  This suppresses abnormal automaticity but does not significantly affect SA node automaticity and heart rate.  All have some anti-muscarinic (atropine-like) activity and may inhibit PNS effects on the SA and AV nodes.

Quinidine (Quinidex, Quinaglute)

Quinidine (Quinidex, Quinaglute) is available as a gluconate or sulfate salt.  267mg of quinidine gluconate = 200mg of quinidine sulfate.  INJ form is rarely used because it can cause significant hypotension.  Used to treat most types of supraventricular and ventricular arrhythmias.  


ADRs include hypotension, diarrhea, thrombocytopenia, cinchonism (ASA toxicity – tinnitus, blurred vision, and dizziness), headache, confusion, and torsades de pointes.  CYP450 substrate and inhibitor!
Procainamide (Procan, Pronestyl) 

Procainamide (Procan, Pronestyl) is an amide derivative of the local anesthetic procaine.  Procaine has less effect on the heart and more CNS side effects which is why it is used more as a local anesthetic.  Absorbed from the gut and converted to the active metabolite N-acetylprocainamide (NAPA).  Used to treat most types of supraventricular and ventricular arrhythmias.  Produces less hypotension than quinidine IV, so it is used more often IV for the treatment of acute ventricular arrhythmias.


ADRs include lupus-like syndrome, hypotension, GI and CNS effects, thrombocytopenia, anti-cholinergic effects, and liver toxicity.  CYP2D6 substrate!
Disopyramide (Norpace)


Disopyramide (Norpace) is used for atrial fibrillation or ventricular arrhythmias.  Use with caution in patients with CHF and the elderly.


ADRs include hypotension, anti-cholinergic effects (blurred vision, urinary retention), CHF, and CNS effects including hallucinations.  CYP3A4 substrate!
Type IB Drugs

Type IB drugs have electrophysiological properties that make them particularly suitable for ventricular arrhythmias.  Have strong affinity for Na channels in depolarized ischemic tissue, but lack of effect on Na channels in normal cardiac tissue.

Lidocaine (Xylocaine)


Lidocaine (Xylocaine) is also a local anesthetic.  Has extensive first pass hepatic inactivation after PO; therefore it must be given IV.  Used for ventricular tachycardia and other acute ventricular arrhythmias.  Not useful for supraventricular arrhythmias.


ADRs include CVS (bradycardia, hypotension, and heart block) and CNS (drowsiness, paresthesias, disorientation, and muscle twitching may lead to seizures) effects.  May also cause psychosis and respiratory depression.
Mexilitine (Mexitil) and Tocainide (Tonocard)  


Mexilitine (Mexitil) and Tocainide (Tonocard) do not undergo first pass effect; therefore used PO.  Used on long-term basis for suppression of ventricular arrhythmias.


ADRs include GI and CNS effects and agranulocytosis with Tocainide.  
Type IC Drugs

Type IC drugs block sodium channels and block the rate of rise of the action potential during phase 0 to a greater extent than other class I drugs.  They slow conduction velocity throughout the heart and especially in the His-Purkinje system.

Flecainide (Tambocor)


Flecainide (Tambocor) is used in the treatment of supraventricular arrhythmias and documented life-threatening ventricular arrhythmias. 


ADRs include reentry ventricular tachycardia, CHF, GI and CNS effects, and blurred vision.  CYP450 substrate and CYP2DR inhibitor!
Propafenone (Rythmol)


Propafenone (Rythmol) has similar effects as Flecainide except fewer effects on the QT interval.  Also has some beta-blocking activity.  Same indications as above.


ADRs are the same as above but with hematological SEs.  CYP450 substrate and CYP1A2 and 2D6 inhibitor!
Other Type I Drugs

Moricizine (Ethmozine) has unusual properties so may not be assigned to subgroup by some reference sources.  It is a phenothiazine analog.  Similar MOA to Flecainide.  Used in documented life-threatening ventricular arrhytmias.  Long term use may be associated with increased mortality rate in patients with a history of MI.
TYPE II/CLASS II DRUGS


Type II/Class II drugs inhibit SNS activation of cardiac automaticity and conduction.  It slows the heart rate, decreases AV conduction velocity, and increases AV node refractory period.  Used for prevention and treatment of supraventricular arrhythmias and for their ability to reduce ventricular ectopic depolarizations and sudden death in patients with MI.

Esmolol (Brevibloc) is given IV.  It is rapidly metabolized and has a short half-life.  Used to treat acute SVT.


Metoprolol (Lopressor) and Propranolol (Inderal) are both available PO and INJ for treatment and suppression of supraventricular and ventricular arrhythmias.  Metoprolol is given IV in the early phase of MI followed by PO.  Protects the heart against the damage caused by ischemia and free radicals that may be formed during reperfusion of coronary arteries when fibrinolytics are used.


Acebutolol (Sectral) is used for ventricular arrhythmias. 
TYPE III/CLASS III DRUGS


Type III/Class III drugs block potassium channels and prolong the ventricular action potential depolarization and refractory period.

Amiodarone (Cordarone)


Amiodarone (Cordarone) is an organic iodine compound similar to thyroid hormones.  Has a very long half-life (40 days).  It is a CCB but can also block Na and calcium channels as well as beta-adrenergic receptors.  It decreases SA node automaticity, decreases AV node conduction velocity, and prolongs AV node and ventricular refractory periods.  


PO is used for supraventricular and ventricular arrhythmias include AF, atrial flutter, SVT, and life-threatening ventricular tachycardia.  IV is used for acute life-threatening VF or sustained VT.


ADRs include GI and CV effects, visual disturbances, thyroid dysfunction, pulmonary fibrosis, blue-gray skin pigmentation, and pneumonitis.  CYP450 substrate and inhibitor of almost all isoenzymes.  Several DDI which increase levels of other important drugs like digoxin, phenytoin, and warfarin.  

Ibutilide (Corvert)


Ibutilide (Corvert) has a different MOA than other Type III drugs.  Promotes the influx of sodium through slow inward sodium channels which counteracts the outward potassium current thereby prolonging repolarization.  Used for the rapid conversion of AF or atrial flutter


ADRs include torsades de pointes.

Sotalol (Betapace)


Sotalol (Betapace) is a non-selective beta-blocker with the ability to block potassium currents during ventricular action potential.  Used for ventricular arrhythmias and AF.


ADRs include dose-dependent torsades de points, hypotension, bradycardia, and bronchospasm

Dofetilide (Tikosyn)


Dofetilide (Tikosyn) has the basic Type III mechanism.  Used for chronic AF and atrial flutter.


ADRs include dose-dependent torsades de pointes and CNS effects
Bretylium


Bretylium prolongs ventricular action potential in normal tissue more than ischemic tissue.  Used for VF.


ADRs include GI effects, orthostatic hypotension, and CNS effects
TYPE IV DRUGS

Type IV drugs decrease AV node conduction velocity and increase AV node refractory period (blocks calcium from entering slow channels during depolarization).  Used IV for acute PSVT and PO for AF.  


Examples include Diltiazem and Verapamil.  

TYPE V – MISCELLANEOUS DRUGS


Adenosine (Adenocard) activates specific G protein-coupled adenosine receptors resulting in hyperpolarization and slowing of AV node conduction velocity.  Used for SVT and PSVT.  ADRs include flushing, dizziness, bradycardia, and syncope.

Digoxin (Lanoxin) increases vagal tone, slows AV node conduction velocity, and increases AV node refractory period.  It is a positive inotrope but negative chronotrope and dronotrope.  Used for AF and PSVT.  ADRs include GI and CNS effects and arrhythmias.    


Magnesium sulfate slows the rate of SA node impulse formation and prolongs conduction time.  Used for VT, VF, and torsades de pointes.  ADRs include diarrhea, CNS depression, and dose-dependent flushing.


Warfarin is used in arrhythmias (particularly AF) to reduce the risk of thromboembolism.  Target INR is 2.5-3.5.  

SEE CHART!
