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Antiarrhythmic

In contrast to skeletal muscle, which contracts only when it receives a stimulus, the
heart contains specifiggdrrallsf# YWhihrchtierPPRF: Painyohey can intrinsically
generate rhythmic action potentials in the absence of external stimuli. These
pacemakers cells differ from other myocardial cells in showing a slow, spontaneous
depolarization during diastole (Phase 4), caused by an inward positive current carried
by sodium- and calcium-ion flows. This depolarization is fastest in the sinoatrial (SA)
node (the normal initiation site of the action potential), and it decreases throughout the
normal conduction f?iW6?QQE/6nP F‘ B%é/MBde to the bundle of
His and the Purkin]e system ysfunction of impulse generation or conduction at any
of a number of sites in the heart can cause an abnormality in cardiac rhythm.

Introduction to the Arrhythmias

The arrhythmias are conceptually simple dysfunctions cause abnormalities in impulse
formation and concK@Pﬁ ‘@ ? IPJEFeDéht‘iB clinic, arrhythmias
present as a complex family disorders that show a variety of symptoms. For
example, cardiac arrhythmias may cause the heart to beat too slowly (bradycardia) or
to beat too rapidly (tachycardia), and to beat regularly (sinus tachycardia or sinus
bradycardia) or irregularly (atrial fibrillation). The heart cavity from which the
arrhythmia originates gives the name to the arrhythmia atrial tachycardia for a rapid
arrhythmia originati ‘Hg ct ioipp ? s other than the SA
node, or impulses ravelin ong acc sory %e%xtrai ways that lead to deviant
depolarizations (AV reentry, Wolff- Parkinson—White syndrome), may also trigger
arrhythmias. To make sense of this large group of disorders, it is useful to organize
the arrhythmias into groups according to the anatomic site of the abnormality the
atria, the AV node, or the ventricles.
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Most arrhythmias arise either from aberrations in impulse generation (abnormal
automaticity) or from a defect in impulse conduction.

Abnormal automaticity: The SA node shows the fastest rate of Phase 4
depolarization and, Kigseigie] cfdipi\ididict s P ) BisEhaig ghan that occurring in
other pacemaker cells exhibiting automaticity. Thus, the SA node normally sets the
pace of contraction for the myocardium, and latent pacemakers are depolarized by
impulses coming from the SA node. However, if cardiac sites other than the SA node
show enhanced automaticity, they may generate competing stimuli, and arrhythmias
may arise. Abnormal automaticity may also occur if the myocardial cells are damaged
(for example, by h akanc y remain partially
depolarized during diastF(])IiE:é andaflvgggac:inad reg ?the iring t eshold earlier than
normal cells. Abnormal automatic discharges may thus be induced. Effect of drugs
on automaticity: Most of the antiarrhythmic agents suppress automaticity by
blocking either Na+ or Ca2+ channels to reduce the ratio of these ions to K+. This
decreases the slope of Phase 4 (diastolic) depolarization and/or raises the threshold of

discharge to a less ﬁ%apﬁeep*t&iewcs?_ &rfas ﬁﬁ?tlﬁ érleﬂlgncy of discharge to
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decrease an effect tﬁ?rsnn?(!r pronounced in cells”with ectopiC pacemaker activity

than in normal cells.

Abnormalities in impulse conduction: Impulses from higher pacemaker
centers are normally conducted down pathways that bifurcate to activate the entire
ventricular surface. henomenon called reen tr r if a unidirectional block
caused by myocardgéﬁm?]'zj QErﬂQQQE i@raﬁﬁf ;ﬁ]ﬁmgults in an abnormal
conduction pathway. Reentry is the most common cause of arrhythmias, and it can
occur at any level of the cardiac conduction system. For example, consider a single
Purkinje fiber with two conduction pathways to ventricular muscle. An impulse
normally travels down both limbs of the conduction path. However, if myocardial
injury results in a unidirectional block, the impulse may only be conducted down
Pathway 1. If the biéSekIrahioy W ore tavRid Elréﬂﬁn&ly, the impulse may
travel in a retrograde fashion through Pathway 2 and reenter the point of bifurcation.
This short-circuit pathway results in re-excitation of the ventricular muscle, causing
premature contraction or sustained ventricular arrhythmia.

Effects of drugs on conduction abnormalities: Antiarrhythmic agents
prevent reentry by sl¢einp edhdoridVotd-ioPEE Metiotory period, thereby

converting a unidirectional block into a bidirectional block.
Antiarrhythmic drugs:-

I. Class | Antiarrhythmijc Drygs:-

The antiarrhythmic lﬁ%n JQ&:WM&QA%Q E) Qgrlplgdominant effects on
the action potential . Although this classification is convenient, it is not entirely clear-
cut, because many of the drugs have actions relating to more than one class or may
have active metabolites with a different class of action. Class I antiarrhythmic drugs
act by blocking voltage-sensitive sodium channels via the same mechanism as local
anesthetics. The decreased rate of entry of sodium slows the rate of rise of Phase 0 of
the action potential i@stO1&d¢ fﬁbl‘awﬂf dote, RRER@MO: Tittle effect on the
resting, fully polarized membrane because of their higher affinity for the active and
inactive channels rather than for the resting channel.] Class I antiarrhythmic drugs,
therefore, generally cause a decrease in excitability and conduction velocity. The use
of sodium channel blockers has been declining continuously due to their possible pro-
arrhythmic effects, particularly in patients with reduced left ventricular function and
ischemic heart diseal€¢ernel for Word to PDF Demo

A. Use-dependence

Class I drugs bind more rapidly to open or inactivated sodium channels than to
channels that are fully repolarized following recovery from the previous
depolarization cycle. Therefore, these drugs show a greater degree of blockade in
tissues that are frequently depolarizing (for example, during tachycardia, when the
sodium channels ofee refed fahiWondrtoiPOIEdDe¢dependence (or state-
dependence), and it enables these drugs to block cells that are discharging at an
abnormally high frequency without interfering with the normal, low-frequency
beating of the heart. The Class I drugs have been subdivided into three groups
according to their effect on the duration of the action potential. Class IA agents slow
the rate of rise of the action potential (thus slowing conduction), prolong the action

potential, and incrddse e VfestcVito ety PEFcDemiod. They have an

intermediate speed of association with activated/inactivated sodium-channels and an
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the action potential and increased ventricular effective period are due to concomitant
Class III activity. Class IB drugs have little effect on the rate of depolarization; rather,
they decrease the duration of the action potential by shortening repolarization. They
rapidly interact with sodium channels. Class IC agents markedly depress the rate of
rise of the membrgpe action potential. Theref cause_marked slowing of
conduction but havgﬁrye%lf% WQEFEEQOER?@I%&E% action potential or
the ventricular effective refractory period. They bind slowly to sodium channels.

B. Arrhythmias

Inhibition of potassium channels (Class III activity) widens the action potential,
leading to a prolonged QT interval on the electrocardiogram. Such an effect is
associated with jpcreased, _risk,, pf velopi ife-threatening  ventricular
tachyarrhythmias (thgreQé:! Jgﬂte\!f %dﬁ&tcﬁm(ﬁ SOt Q”% prolongation
is drug-induced, although it may also be genetic. QT prolongation is not only seen
with Class III antiarrhythmics. Drugs such as cisapride, grepafloxacin, terfenadine,
and astemizole were withdrawn from the market because of severe and fatal
arrhythmias. Erythromycin, clarithromycin, pentamidine, moxifloxacin, levofloxacin,
imipramine, desipramine, amitriptyline, doxepin, _ thioridazine, mesoridazine,
haloperidol, risperim Q@latQEnWQHQu G B DGR the drugs known to
prolong the QT interval. Caution should be exerted when combining several drugs
with effects on the QT interval (for example, quinidine with levofloxacin) or when
giving these drugs combined with azole antifungals (fluconazole and itraconazole).
The latter are known to inhibit drug metabolism, leading to large increases in plasma
drug concentrations.
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Quinidine is the prototype Class IA drug. Because of its concomitant Class III
activity, it can actually precipitate arrhythmias such as polymorphic ventricular
tachycardia (torsades de pointes), which can degenerate into ventricular fibrillation.
Because of the toxic potential of quinidine, calcium antagonists, such as amiodarone
and verapamil, are increasingly replacing this drug in clinical use.

Mechanism of aégined.forilord o Rk esmed sodium channels
and prevents sodium influx, thus slowing the rapid upstroke during Phase 0. It also
decreases the slope of Phase 4 spontaneous depolarization and inhibits potassium
channels.

Therapeutic uses: Quinidine is used in the treatment of a wide variety of
arrhythmias, including atrial, AV-junctional, and ventricular tachyarrhythmias.
Quinidine is used W<@ERNS] fours WQEda " BRIM@rdioversion of atrial

flutter or fibrillation and to prevent frequent ventricular tachycardia.

Pharmacokinetics: Quinidine sulfate is rapidly and almost completely absorbed
after oral administration. It undergoes extensive metabolism by the hepatic

cytochrome P450 enzymes, fqrmin ive me aboIB

Adverse effectsKeprc!?eg(jiji%gvﬂggfac{%f qﬁﬁdg?ee(ﬁ? O any antiarrhythmic
drug) is development of arrhythmia (torsades de pointes). Quinidine may cause SA
and AV block or asystole. At toxic levels, the drug may induce ventricular

tachycardia. Cardiotoxic effects are exacerbated by hyperkalemia. Nausea, vomiting,
and diarrhea are commonly observed. Large doses of quinidine may induce the

symptoms of cinchonism (% mple, bl ision, tinnitus, headache,
disorientation, and §§H&§’ £ WQE@ E%Elﬁ(kabm blocking action as
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well as an atropine-1 ereg eclt.f 8uznid1ne Can increase the %t'érall&:})/—state concentration
of digoxin by displacement of digoxin from tissue-binding sites (minor effect) and by
decreasing digoxin renal clearance (major effect).

D. Procainamide

Actions: This Class IA drug, a derivative of the local anesthetic procaine, shows

actions similar to th§¢aHyal #Bic-Word to PDF Demo

Pharmacokinetics: Procainamide is well-absorbed following oral administration.
[Note: The intravenous route is rarely used, because hypotension occurs if the drug is
infused too rapidly.] Procainamide has a relatively short half-life of 2 to 3 hours. A
portion of the drug is acetylated in the liver to N-acetylprocainamide (NAPA), which
has little effect on the maximum polarization of Purkinje fibers but prolongs the
duration of the actKlepﬁé"tifblTWOMIib lpDFoBém@f a Class III drug.
NAPA is eliminated via the kidney, and dosages of procainamide may need to be
adjusted in patients with renal failure.

Adverse effects: With chronic use, procainamide causes a high incidence of side
effects, including a reversible lupus erythematosus like syndrome that develops in 25
to 30 percent of patiesy ieidfoncWWortichtof PR FEBDemoay cause asystole or
induction of ventricular arrhythmias. Central nervous system (CNS) side effects
include depression, hallucination, and psychosis. With this drug, gastrointestinal
intolerance is less frequent than with quinidine.

E. Disopyramide
Actions: This Class IA drug shows actions similar to those of quinidine.

Disopyramide prodé@t nekfor Wadic to-8 DiriDenothan the weak effect
exerted by quinidine and procainamide, and unlike the latter drugs, disopyramide
causes peripheral vasoconstriction. The drug may produce a clinically important
decrease in myocardial contractility in patients with preexisting impairment of left
ventricular function. Disopyramide is used in the treatment of ventricular arrhythmias
as an alternative to procainamide or quinidine. Like procainamide and quinidine, it
also has Class Ill aci¢@rnel for Word to PDF Demo
Pharmacokinetics: Approximately half of the orally ingested drug is excreted
unchanged by the kidneys. Approximately 30 percent of the drug is converted by the
liver to the less active mono-N-dealkylated metabolite.

Adverse effects: Disopyramide shows effects of anticholinergic activity (for
example, dry mouth, urinary retention, blurred vision, and constipation).

F. Lidocaine Kernel for Word to PDF Demo

Lidocaine is a Class 1B drug. The Class IB agents rapidly associate and dissociate
from sodium channels. Thus, the actions of Class IB agents are manifested when the
cardiac cell is depolarized or firing rapidly. Class IB drugs are particularly useful in
treating ventricular arrhythmias. Lidocaine was the drug of choice for emergency
treatment of cardiac arrhythmias.

Actions: Lidocainkk @@ biamndN orelte PR3 ResmM@ation and decreases

the duration of the action potential

Therapeutic uses: Lidocaine is useful in treating ventricular arrhythmias arising
during myocardial ischemia, such as that experienced during a myocardial infarction.
The drug does not markedly slow conduction and, thus, has little effect on atrial or
AV junction arrhythmias.
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Pharmacoklnetlcs. de%cazne is given intravenously because of extensive first-
pass transformation by the liver, which precludes oral administration. The drug is
dealkylated and eliminated almost entirely by the liver; consequently, dosage
adjustment may be necessary in patients with liver dysfunction or those taking drugs
that lower hepatic blood flow, such as propranolol

Adverse effects: Kératsby W dvt?e Ftﬁéci%utlc ratio. It shows
n and has n

little impairment of left ventricular function a o negative inotropic effect. CNS
effects include drowsiness, slurred speech, paresthesia, agitation, confusion, and
convulsions. Cardiac arrhythmias may also occur.

G. Mexiletine and tocainide

These Class IB drugs have actions similar to those of lidocaine, and they can be
administered orall)Kéﬁafélnferlwtsw f(a PlBFchéfﬁBent of ventricular
arrhythmias associated with previous myocardial infarction. Tocainide is used for
treatment of ventricular tachyarrhythmia. Tocainide has pulmonary toxicity, which
may lead to pulmonary fibrosis.

H. Flecainide

Flecainide is a Class IC drug. These drugs slowly dissociate from resting sodium
channels, and they Kl@m@pwwiaﬂs P Eplmart rates. They are
approved for refractory ventricular arrhythmias and for the prevention of paroxysmal
atrial fibrillation/flutter associated with disabling symptoms and paroxysmal
supraventricular tachycardia. However, recent data have cast serious doubts on the
safety of the Class IC drugs.

Actions: Flecainide suppresses Phase 0 upstroke in Purkinje and myocardial fibers .
This causes marked N@rﬁ%qufdmi)dl fBCPD:F %m\ath a minor effect on
the duration of the action potential and refractoriness. Automaticity is reduced by an
increase in the threshold potential rather than a decrease in the slope of Phase 4
depolarization.

Therapeutic uses: Flecainide is useful in treating refractory ventricular
arrhythmias. It is particularly useful in suppressing premature ventricular contraction.

Flecainide has a ne%'é(?ﬁvélr%q-ewis Pﬂl e FggF/aBé?ﬁgestive heart failure.

Pharmacokinetics: Flecainide is absorbed orally, undergoes minimal
biotransformation, and has a half-life of 16 to 20 hours.

Adverse effects: Flecainide can cause dizziness, blurred vision, headache, and
nausea. Like other Class IC drugs, flecainide can aggravate preexisting arrhythmias or
induce life-threatening ventricular tachycardia that is resistant to treatment.

L. Propafenone Kernel for Word to PDF Demo

This Class IC drug shows actions similar to those of flecainide. Propafenone , like
flecainide, slows conduction in all cardiac tissues and is considered to be a broad-
spectrum antiarrhythmic agent.

IL. Class II Antiarrhythmic Drugs

Class II agents are B-adrenergic antagonists. These drugs diminish Phase 4
depolarization, thuK @gprekifiorWokdito BDmEemo conduction, and
decreasing heart rate and contractility. Class II agents are useful in treating
tachyarrhythmias caused by increased sympathetic activity. They are also used for
atrial flutter and fibrillation and for AV-nodal reentrant tachycardia. [Note: In contrast
to the sodium-channel blockers, i2-blockers and Class Il compounds, such as sotalol
and amiodarone, are increasing in use. |

A. Propranolol Kernel for Word to PDF Demo



Propranolol reduce!s( q{gl %Ici.glgnI;eV\(l)pggd 691 Ergﬁhn[l)igr&?th after myocardial

infarction (the most common cause of death in this group of patients). The mortality
rate in the first year after a heart attack is significantly reduced by propranolol, partly
because of its ability to prevent ventricular arrhythmias.

B. Metoprqlol ' ' ' '
Metoprolol is the Ré%i%?WWﬂ wspﬁﬁlbéﬁrﬁdn the treatment of

cardiac arrhythmias. Compared to propranolol, it reduces the risk of bronchospasm.

C. Esmolol

Esmolol is a very short-acting I2-blocker used for intravenous administration in acute
arrhythmias that occur during surgery or emergency situations.

III. Class III Antiarrhythmic Drugs

Class III agents blo¢k @preiufothiMdrehdohPDEDeinte outward potassium
current during repolarization of cardiac cells. These agents prolong the duration of the
action potential without altering Phase 0 of depolarization or the resting membrane
potential. Instead, they prolong the effective refractory period. All Class III drugs
have the potential to induce arrhythmias.

A. Amiodarone

Actions: AmiodarterivehifoodModd tocREIFu@mig to thyroxine. It has
complex effects, showing Class I, II, IlI, and IV actions. Its dominant effect is
prolongation of the action potential duration and the refractory period. Amiodarone
has antianginal as well as antiarrhythmic activity.

Therapeutic uses: Amiodarone is effective in the treatment of severe refractory
supraventricular and ventricular tachyarrhythmias. Despite its side-effect profile,
amiodarone is the nik @ enehdoy Mpoyel tailDhidemo
Pharmacokinetics: Amiodarone is incompletely absorbed after oral
administration. The drug is unusual in having a prolonged half-life of several weeks,
and it distributes extensively in adipose issue. Full clinical effects may not be
achieved until 6 weeks after initiation of treatment.

Adverse effects: Amiodarone shows a variety of toxic effects. After long-term use,
more than half of p!ﬁ@fne(lei@ié WQFQ IQVP @E e@@mgt are severe enough
to prompt its discontinuation. However, use of low doses reduces toxicity, while
retaining clinical efficacy. Some of the more common effects include interstitial
pulmonary fibrosis, gastrointestinal tract intolerance, tremor, ataxia, dizziness, hyper-
or hypothyroidism, liver toxicity, photosensitivity, neuropathy, muscle weakness, and
blue skin discoloration caused by iodine accumulation in the skin. As noted earlier,
recent clinical trialskh@kn@dvo mANoL6lt0-P DEs Demce the incidence of
sudden death or prolong survival in patients with congestive heart failure.

B. Sotalol

Sotalol although a class III antiarrhythmic agent, also has potent nonselective B-
blocker activity. It is well established that B-blockers reduce mortality associated with
acute myocardial infarction.

Actions: Sotalol KﬂmﬁlasﬁrowgfcdpggsglﬁEQMOwn as the delayed
rectifier. This blockade prolongs both repolarization and duration of the action
potential, thus lengthening the effective refractory period.

Therapeutic uses: B-Blockers are used for long-term therapy to decrease the rate
of sudden death following an acute myocardial infarction. B-Blockers have a modest

ability to suppress ectopic beilt and to reduce myocardial oxygen demand. They have
strong antifibrillatoif GIfEIE) SQHCWW a¢iRR ipﬁmgrdium. Sotalol was



Kernel for Word to PDF D

more effective in preventing recurrence of arrhythmia angrlrrll%ecreasing mortality
than imipramine, mexiletine, procainamide, propafenone, and quinidine in patients
with sustained ventricular tachycardia.

Adverse effects: This drug also has the lowest rate of acute or long-term adverse
effects. As with all drugs that prolong the QT interval, the syndrome of torsade de

pointes is a serious Ké‘i‘ﬁﬂla%efs‘il\?%ef& ttalcﬁb i_eengl,tﬁlae to four percent of

patients.

C. Dofetilide

Dofetilide can be used as a first-line antiarrhythmic agent in patients with persistent
atrial fibrillation and heart failure or in those with coronary artery disease with
impaired left ventricular function. Because of the risk of proarrhythmia, dofetilide
initiation is limited ' ' ' i iC escribers who have
completed a specific'ze gg&é?i@?s%%@sﬂﬁﬁo%bmgamiodarone and B-
blockers, dofetilide is the only antiarrhythmic drug that is recommended by experts
for the treatment of atrial fibrillation in a wide range of patients. The half-life is 10
hours. Excretion is in the urine, with 80 percent as unchanged drug and 20 percent as
inactive or minimally active metabolites.

IV. Class IV Antj i W
Class IV drugs Me@]{ﬁéﬁ%@ l§0c elir:so . PFR:)E c!:e?ceregge? the inward current

carried by calcium, resulting in a decreased rate of Phase 4 spontaneous
depolarization. They also slow conduction in tissues that are dependent on calcium
currents, such as the AV node Although voltage-sensitive calcium channels occur in
many different tissues, the major effect of calcium-channel blockers is on vascular
smooth muscle and the heart.

A. Verapamil an 9ﬁycﬁjeitp r Word to PDF Demo

Verapamil shows greater action on the heart than on vascular smooth muscle, whereas
nifedipine, a calcium-channel blocker used to treat hypertension, exerts a stronger
effect on the vascular smooth muscle than on the heart. Diltiazem is intermediate in its
actions.

Actions: Calciun]$‘n %ngr 63]abgfae§f%\ig dﬂjé]ﬁi:ﬁ and by receptor-
operated channels that are controlle y the binding of agonists, such as
catecholamines, to membrane receptors. Calcium-channel blockers, such as verapamil
and diltiazem, are more effective against the voltage-sensitive channels, causing a
decrease in the slow inward current that triggers cardiac contraction. Verapamil and
diltiazem bind only to open, depolarized channels, thus preventing repolarization until
the drug dissociates, from the channel., These dru therefore use-dependent; that
is, they block mojt{r%glgjefp&mo&@e rP iprEeﬁ%n}&Bidly, because in a
normally paced heart, the calcium channels have time to repolarize and the bound
drug dissociates from the channel before the next conduction pulse. By decreasing the
inward current carried by calcium, verapamil and diltiazem slow conduction and
prolong the effective refractory period in tissues that are dependent on calcium
currents, such as the AV node. These drugs are therefore effective in treating
arrhythmias that muK@I\Bﬁf! JMUW&EdﬂQt E’aQEC Bﬁmo

Therapeutic uses: Verapamil and diltiazem are more effective against atrial than
against ventricular arrhythmias. They are useful in treating reentrant supraventricular
tachycardia and in reducing the ventricular rate in atrial flutter and fibrillation. In
addition, these drugs are used to treat hypertension and angina.
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Pharmacoklnetlcs:e V?rapgmil gldd Elgtiazem aree al%orbed after oral

administration. Verapamil is extensively metabolized by the liver; thus, care should
be taken when administering this drug to patients with hepatic dysfunction.

Adverse effects: Verapamil and diltiazem have negative inotropic properties and,
therefore, may be contraindicated in patients with preexisting depressed cardiac

function. Both druKéph?}scfd)fomr'd q?rqagp yeﬁl‘@ressure because of

peripheral vasodilation an effect that is actually beneficial in treating hypertension.
VIL Other Antiarrhythmic Drugs

A. Digoxin

Digoxin shortens the refractory period in atrial and ventricular myocardial cells while
prolonging the effective refractory period and diminishing conduction velocity in the

AV node. Digoxin epmel horo\tho rehtouRDESpRDeri@ in atrial fibrillation

and flutter. At toxic concentrations, digoxin causes ectopic ventricular beats that may
result in ventricular tachycardia and fibrillation. [Note: This arrhythmia is usually
treated with lidocaine or phenytoin.]

B. Adenosine

Adenosine is a naturally occurring nucleoside, but at high doses, the drug decreases

conduction velocity}oetered o reiard rkooP. B Peempe automaticity in the

AV node. Intravenous adenosine is the drug of choice for abolishing acute
supraventricular tachycardia. It has low toxicity but causes flushing, chest pain, and
hypotension. Adenosine has an extremely short duration of action (approximately 15
seconds)
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