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During the past decade, several developments in our
knowledge of antiarrhythmic drugs have had a major
influence on our approach to their use. These develop-
ments may be summarized as follows: (1) it has become
clear that arrhythmias merit treatment only for the relief
of symptoms, with improved quadlity of life, and for
prolongation of survival by reducing arrhythmic deaths;
(2) suppression of arrhythmias—symptomatic or asymp-
tomatic—may not necessarily decrease mortality, the
net impact on mortality being agent-specific; (3) antiar-
rhythmic drugs have the propensity to decrease as well
as to increase cardiac arrhythmias (producing proar-
rhythmias); (4) the most important determinant of ar-
rhythmia mortdlity is the degree and nature of ventric-
ular dysfunction; and (5) only controlled trials have the
potential to establish the effect of treatment on mortality
in patients with cardiac arrhythmias. To these consider-

ations must be added the advances in nonpharmaco-
logic approaches to controlling cardiac arrhythmias.
These include catheter ablation of cardiac arrhythmias,
certain surgical techniques that in selected patients offer
prospects of cure, and the development of implantable
ventricular and atrial cardioverter defibrillators, which
allow the evaluation of drugs versus placebo against the
background of the defibrillator. This is particularly ger-
mane in the case of life-threatening symptomatic ven-
tricular arrhythmias such as sustained ventricular tachy-
cardia and ventricular fibrillation. Antiarrhythmic drugs
and implantable devices in the control of arrhythmias
cannot be considered in isolation. Their role in mortality
reduction needs to be defined alone as well as in com-
bination by controlled clinical trials. ©1997 by Ex-
cerpta Medica, Inc.
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During the past 10 years, there has been a magituations in which nonpharmacologic approaches
revolution in our understanding of (1) how car{e.g., implantable devices) and drug therapy are in-
diac arrhythmias are generated; (2) the clinical satreasingly being used in combination. It should be
tings in which their presence might be predictive ofmphasized that there is now a need to define clearly
premature death; and (3) the circumstances in whitte contexts in arrhythmia management in which drug
arrhythmias may be nothing more than troublesonmberapies should be front-line, those in which invasive
symptoms having no deleterious effect on prognosiapproaches (especially the use of radiofrequency cath-
It is now clear that there are clinical settings in whicleter ablation and implantable devices) should be con-
the presence of arrhythmias are associated neitlségdtered first, and those in which a combination of
with symptoms nor with an adverse progndsishas approaches might be chosen to control an individual
also been established that there are other settingsamhythmia. Surgery and electrode catheter ablation
which the occurrence of frequent and complex vemre discussed elsewhere in this supplement.

tricular arrhythmias, especially in the context of seri-

ous underlying organic cardiac or electrical disease, VOLUTION OF DRUG THERAPY OF
associated with an increased incidence of sudd€lARDIAC ARRHYTHMIAS

death resulting in decreased survi%dlThus, antiar- Since the introduction in 1918 of quinidine as an
rhythmic therapy and regimens have evolved oventiarrhythmic agent, our knowledge of the mecha-
many decades, to terminate arrhythmias promptly apgsms of cardiac arrhythmias has expanded consider-
effectively, to relieve symptoms by reducing or elimably. However, during the decades that followed the
inating episodes of tachyarrhythmias, and/or to prentroduction of quinidine, some doubt remained as to
long survival by decreasing arrhythmia mortality. how the drug produced its observed salutary effects. It

This overview focuses on the evolution of pharmawas not clear whether the bulk of its actions stemmed
cologic approaches. However, the recent developméfsm blocking conduction—which it clearly did—or
in nonpharmacologic techniques has been impressiw@ether its actions are, in part, due to lengthening
and the impact so far-reaching, in some instances, thapolarization, which it also produced. The drug’s
pharmacologic therapy of cardiac arrhythmias can maechanism became evident when the effects of the
Ionger be considered_in isolation. Therefore, Wherevgrug could be evaluated in isolated cardiac muscle by
relevant, reference will be made to nonpharmacologigpplication of the microelectrode technique to the
methods of arrhythmia control, especially in clinicatardiac membrane.

Based on such analyses in the 1950s and 1960s, it
became evident that lidocaine, which gained promi-
nence with the widespread use of coronary care units
for the management of arrhythmias in acute myocar-
dial infarction, acted essentially by blocking sodium-
channel activity in cardiac muscle, as it did in nefve.
Its electrophysiologic properties subsequently led to
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the synthesis and characterization of the orally activathout an effect on repolarization); (2) class Il agents
congeners of the drug, mexiletine and tocainide. kvere antagonists of sympathetic excitation (as typified
contrast, disopyramide and procainamide (both, likey 8 blockers); (3) class Il agents acted predomi-
quinidine, are potent, sodium-channel-mediated comantly on refractoriness (with or without some effects
duction blockers in cardiac muscle) were also found tun conduction, as exemplified by sotalol and amioda-
delay repolarization. The question therefore arose ame); and (4) class IV agents altered calcium-chan-
to which of the 2 fundamental actions of these drugegel-mediated conduction and refractoriness (as typi-
1 on conduction and the other on repolarization, wefeed by verapamil). Despite the inherent limitations of
responsible for their antifibrillatory actions. In 1957extrapolating data from isolated tissues to the enor-
Jervell and Lang-Nielsénand Selzer and Wré&ye- mously complex situation in the diseased human myo-
ported that lengthening of the QT interval, inducedardium, such a classification system has had wide
either by a congenital abnormality or by such drugs &tinical appeal and considerable influence on the syn-
quinidine, produced what DessertePrseibsequently thesis and characterization of newer agents.
called torsades de pointes. This arrhythmia was often The recent drug classification debate has centered
fatal, which led to the belief that prolongation ofon the relevance a classification system based on
repolarization was essentially arrhythmogenic in nantiarrhythmic mechanisms might have to the choice
ture; it was assumed that the beneficial effects of a particular compound for a specific clinical ar-
quinidine-like drugs were due to their propensity tohythmial”.18In the prediction of one major end point,
delay conduction (with an increase in time-dependetttere is little doubt that the conventional classification
refractoriness). system has had utility in predicting mortality changes
In the 1960s, several new classes of cardioactivelated to class actions, as illustrated in Figure 1. The
drugs were synthesized specifically to ameliorate ischmean data shown are derived from meta-analyses of
emia, either by reducing oxygen consumptiof (outcomes in randomized clinical trials in post-myo-
blockers, including sotalol) or by coronary vasodilaeardial infarction patient®? In the case of class |
tion (verapamil and amiodarone). All such agentdrugs, an adverse effect on mortality is seen across the
were found to exert potent antiarrhythmic and antifielass without exception. It is clearly a class effect. On
brillatory actions in clinically relevant experimentalthe other handg8 blockers as a class, consistently
models. Very soon after the introduction gfblock- decrease mortalit§® There are fewer data for class
ers, it was recognized that they exerted antiarrhythmagents; in Figure 1, the data refer solely to amioda-
properties in experimental animals and in patientene, a complex compound with multiple actions. In
with heart disease. This was not surprising since it hélde case of calcium-channel antagonists (class IV
been known for many years that adrenergic excitati@gents), the influence on mortality is either neutral or
may lead to ventricular fibrillation. The reduction ofsomewhat deleterious; within the class, it is agent-
adrenergic activity to the heart was therefore expectsgecific, related undoubtedly to variations in the asso-
to be antifibrillatory. Similarly, in a systematic searcltiated properties of individual compounds, especially
for novel antiarrhythmic mechanisms, Singh antheir duration of action and possibly the magnitude of
Vaughan Williams° found that sotalol, while being a heart rate increases they produce. From the standpoint
potentB blocker, prolonged the action potential duraef the clinician, it is evident that the conventional
tion in atria and ventricular tissues, as does the longlassification of antiarrhythmic mechanisms as origi-
term administration of amiodaroié.The electro- nally suggested by Singh and Vaughan Willidfngs
physiologic properties of sotalol and amiodaronallows a reasonable, albeit not perfect, prediction of
differed markedly from those of quinidine, disopyr-outcomes in mortality. The effect on mortality cannot
amide, and procainamide but were somewhat similae ignored even when antiarrhythmic agents are used
to those off blockers, because both agents had sigelely for relief of symptoms.
nificant antiadrenergic effects. (Sotalol is a conven- The Singh and Vaughan Williams -classifica-
tional B blocker whereas amiodarone is a potent notion1®-16 has the merit of simplicity. It identifies the
competitiveB-receptor antagonist.) Sotalol and amiomost significant electrophysiologic or pharmacody-
darone shared the unusual and marked tendencyntmic parameter, subsequently termed the vulnerable
prolong repolarization with a corresponding lengtherparameter in the Sicilian GamBit. This parameter

ing of the effective refractory period. attempts to define the principal determinant of ar-

rhythmia conversion, as well as prevention of the
CLASSIFICATION OF arrhythmia and its deterioration into irreversible car-
ANTIARRHYTHMIC MECHANISMS: diac arrest. It is known that the net outcome may not
CONVENTIONAL CLASSIFICATION always be determined by the action of an antiarrhyth-
SYSTEM VERSUS THE SICILIAN mic agent on a single electrophysiologic parameter.
GAMBIT The outcome may also depend critically on the mod-

In the conventional classification system, antiaulating effect on the myocardium of the associated
rhythmic compounds were grouped on the basis of tipeoperties of individual compounds. This issue was
electrophysiologic mechanisms believed to cause theftised>20 years agt and is illustrated cogently by
salutary effect$9-16The classification was based sim8-blocking actions (in the case of sotalol), by a host of
ply on the dominant effects of the drugs: (1) classdiffering actions including noncompetitive adrenergic
agents mediated sodium-channel conduction (with antagonism (exhibited by amiodarone and its deriva-
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FIGURE 1. Metanalytic data on the effects of various electrophysiologic classes of drugs
on the risk of dying among myocardial infarction survivors who received the drug versus
survivors who received placebo. Class | drugs increase mortality; B blockers decrease
mortality, as do class Ill agents (sotalol and amiodarone); and calcium antagonists have
variable but minor effects. Rectangles represent the number of patients analyzed in each
group and vary in size accordingly (data shown with standard deviations). The odds ratio
is presented as relative risk. Ml = myocardial infarction. (Reprinted with permission from
J Cardiovasc Electrophysiol.1%)

tives), and by the adrenergic neuron-blocking actiorise present state of knowledge. For example, charac-
(in the case of bretylium). Another example is théerizing the actions of amiodarone in terms of effects
anticholinergic property of disopyramide and quinien ionic currents, receptors, and pumps, and then
dine. Of course, not all the associated properties obrrelating the changes with the success or failure of
individual antiarrhythmic agents are beneficial. prophylactic control of VT and ventricular fibrillation
An important consequence of the conventiongdVF) have so far yielded conflicting results; with all its
classification of antiarrhythmic drugs has been treomplexity of action and its variegated side-effect
synthesis and characterization of antiarrhythmigrofile, amiodarone appears to produce the most con-
agents with simpler electrophysiologic profiles. Thisistent effect when it is given empirically in the con-
is exemplified in class | agents by flecainide anttol of VT/VF and in preventing recurrences of atrial
encainide and, in class Ill compounds, thsotalol, fibrillation (AF). On the basis of currently available
dofetilide, sematilide, E-4031, azimilide, and a host afata, the conventional classification (if fine-tuned and
other agent8? many of which have been abandonedpdated in light of increasing data) will remain helpful
and developed no further. These so-called pure tr clinicians in the choice of agents, at least for the
selective agents with a single major electrophysiologpurpose of altering mortality and preventing recur-
property have served as pharmacologic probes thiahces of AF. Whereas at present the Sicilian Gambit
have allowed the investigator to determine their antiras little or no direct clinical utility, in the future it
arrhythmic and proarrhythmic correlates, such as imight predict mortality changes produced by different
cessant ventricular tachycardia (VT) in the case efasses of antiarrhythmic drugs. Its use in the future
flecainide and propafenone and torsades de pointesniay well pave the way for the development of newer
the case of pure class Ill agents. and more effective antiarrhythmic compounds.
The Sicilian Gambit assumes that a precise undeZlearly, the 2 systems of classifying antiarrhythmic
standing of the factors that affect the vulnerable paaechanisms are not mutually exclusive, and the ratio-
rameter, including changes in receptors, ionic cunal use of antiarrhythmic drugs requires essential el-
rents, and pumps, allows the clinician to choose tl@ments from both systems.
appropriate drug regimen for a particular arrhythmia.
For the present, it would appear that with very fedS THERE STILL A ROLE FOR CLASS I
exceptions these factors are still the subject of ANTIARRHYTHMIC DRUGS?
search rather than accepted fact with an establishedWhereas the data suggesting that sodium-channel
place at the bedside. Except in exceptional instancédpckers increase rather than decrease mortality when
the rational targeting of arrhythmic phenomena withsed as antiarrhythmic drugs in patients with cardiac
drugs having known properties, as defined by thidisease has been increasing for some time, not until
Sicilian Gambit, might be an unrealistic goal, giverthe publication of the results of the Cardiac Arrhyth-
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mia Suppression Trials (CAST) was the evidenodo data from direct, controlled comparisons reveal the
compelling?t.22Do these drugs still have a role in theagents’ relative potencies as antiarrhythmic and anti-
therapy of cardiac arrhythmias? The data suggest tiidtrillatory compounds. An understanding of the
if they do, the role is a small one, perhaps limitechechanisms of action and the clinical effects of the
solely to the relief of arrhythmia symptoms and to theo-called pure class Ill compour¥d$3 is likely to
maintenance of sinus rhythm in AF patients withoytrovide insight into the exact significance of length-
demonstrable cardiac disease. There is no deciseeing the action potential duration in preventing AF
evidence from any controlled study to support thand VF. It is important that both sotalol and amioda-
premise that this class of drugs has the potential tone have potent antisympathetic actions, which may
prolong survival in patients at high risk of suddemplay a crucial role in mediating a significant compo-
death. On the contrary, numerous lines of evidenceent of their beneficial actions. The precise impor-
including meta-analysés$,have yielded evidence thattance of antiadrenergic actions may emerge as further
in virtually every subset of patients with significantdata comparing pure class Il agents directly with
cardiac disease, this class of compounds increasesalol and amiodarone become available.
mortality23.24 This applies to patients with cardiac
arrest25 those surviving myocardial infarctiods22 SOTALOL AND AMIODARONE:
patients with AR6.27 and those in whom prematureNOT JUST CLASS Il AGENTS
ventricular contractions occur independently of recent Sotalol: Sotalol is a racemic mixture of its dextro-
myocardial infarctiong® Furthermore, given as elec-and levo-isomers; the levo-isomer contributes the bulk
trophysiologically or Holter-guided therapy, thes®f the g blocking to the racemate action, whereas both
agents are inferior to guided therapy with sotdfs1® isomers are equipotent in prolonging the action poten-
to empiric amiodaron&; and to implantable cardio- tial duration and the effective refractory period in
verter defibrillators (ICDs) in patients surviving carmost cardiac tissué€s.These 2 properties are, how-
diac arrest and those presenting with symptomatwver, unrelated; repolarization is not prolongedy
VT/VF.32 blockade per se. Thus, the pharmacodynamic proper-
The realization that class | drugs increase arrhytties of the compound stem from its dual actions.
mia mortality in patients with cardiac disease has hakhother way to view the overall property and thera-
2 direct consequences: (1) earlier and increasing yseutic utility of sotalol is to consider that its major
of ICDs; and (2) increasing use of drugs with alternaaction is in prolonging repolarization and refractori-
tive modes of action, especially those that fundameness in atrial and ventricular muscle, actions that are
tally prolong the action potential duration and effecmodulated favorably by the drug’s intrinsic sympa-
tive refractory period homogeneously while havinghetic blocking actions. Itg3-blocking actions slow
the potential to block sympathetic stimulation. Théhe sinus rate, and in AF the ventricular response is
increasing use of alternative agents is especialjowed. On the other hand, the precise efficacy of the
marked in the case of agents that have the addedig in the conversion to and maintenance of sinus
property of attenuating sympathetic excitation in thehythm in AF patients remains to be defined. It is
heart, namely amiodarone and sotafohlthough itis currently the subject of several major controlled, blind
not entirely proved that amiodarone and sotalol, whilend unblind clinical trials.
being powerful sympathetic antagonists, act domi- In recent years, sotalol has emerged as a major
nantly by prolonging the action potential duration, thantiarrhythmic ageri#:35 Because the drug is useful
hypothesis has led to the search for and developmémtdecreasing mortality directly or indirectly and in
of pure compounds devoid of other associated propentrolling arrhythmic symptoms, several areas of

erties and having simpler side-effect profifés. clinical utility warrant emphasis: (1) effect on rein-
farction and mortality in the survivors of myocardial
CLASS liIl ACTION AND THE infarction; (2) conversion of VT/VF; (3) beneficial
DILEMMA OF ANTIARRHYTHMIC effect on life-threatening ventricular arrhythmias, es-
DRUG THERAPY pecially in patients with symptomatic sustained

Only 3 types of antiarrhythmic ageni8,blockers, VT/VF or those surviving cardiac arrest; and (4) its
sotalol, and amiodarone, now appear to offer arrhythenjoint use with ICDs in reducing the number of
mia mortality reduction by preventing ventricular fi-shocks and in prolonging survival. Each of these areas
brillation in patients with cardiac disease. Sotalol andill be discussed because they illustrate drug actions
amiodarone also have a documented propensity fiblat are important in clinical therapeutics.
maintaining stable sinus rhythm in patients converted In a placebo-controlled, double-blind multicenter
from AF. Both share the property of lengthening retrial, 1,456 survivors of acute myocardial infarction
polarization and refractoriness while having antiadvere randomized to sotalol or place¥o At 12
renergic actions in common wit blockers; amioda- months, the mortality was 8.8% in the placebo group
rone has additional electrophysiologic effects togethand 7.3% in the sotalol-treated group. The difference,
with exceedingly complex pharmacokinetics antepresenting an 18% decrease in mortality, did not
membrane effect®t The clinical profiles of sotalol reach statistical significance. The class Il action of the
and amiodarone do not, however, reveal which eleB- blocker might have been expected to confer a
trophysiologic properties are linked precisely to theigreater favorable impact on mortality. It has been
clinical antifibrillatory and profibrillatory actions, nor argued that several features of the trial design (e.qg.,
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60:40 randomization in favor of the drug, single dailglass Il agents (sotalol, amiodarone, and similar com-
dose [320 mg] of sotalol, and the possibility that mangounds) to circumvent the perceived shortcomings of
patients might have been given concomitant diureticsptalol (3-blocker side effects and torsades de pointes)
might have decreased the magnitude of the expectmad amiodarone (complex side-effect profile). The
reduction in mortality by slightly increasing the num+esulting compounds are simpler molecules that
ber of deaths, undoubtedly due to the proarrhythmiengthen the action potential duration without other
actions of the drug. This trend was clearly offsgpharmacologic effects. These agents have been tar-
during the later stages of the trial, when a trend igeted against single or multiple repolarizing mem-
favor of mortality reduction developed. The reinfarcbrane current&? in particular either or both compo-
tion rate, however, was decreased significantly, aents of the delayed rectifier potassium current, espe-
might be expected of & blocker (Figure 2). A mor- cially its rapid component () E-4031, dofetilide,
tality trial with sotalol in post—-myocardial infarction sematilide, MK 499, azimilide, and the dextroisomer
patients is unlikely to be repeated. However, a signiéf sotalol @-sotalol) are examples of so-called pure
icant beneficial effect with the drug in this setting i€lass Ill agents, all selectively prolonging action po-
not excluded if the drug is confined to the subsets téntial duration and cardiac refractoriness without af-
patients in whom the likelihood of proarrhythmic refecting myocardial excitability. lbutilide acts some-
actions is minimize@’ what differently; it prolongs the action potential du-
The most systematic data on sotalol in VT/VF areation largely by prolonging the duration of the
from the Electrophysiologic versus Electrocardiomnactivated, inward sodium current. Pure class Il
graphic Monitoring (ESVEM) stud$? Two discrete agents all elevate VF threshold and reduce ventricular
observations merit emphasis. First, there were no sidefibrillation threshold. They are weak premature ven-
nificant differences between programmed electricaicular contraction suppressants but are relatively po-
stimulation and Holter monitoring in predicting artent in preventing the VT/VF induced by programmed
rhythmia recurrence, sudden death, cardiac death,abectrical stimulation. They appear to act by slowing
all-cause mortality?® Second, sotalol was superior to 6/T, thereby preventing it from deteriorating to VF. In
class | agents individually or collectively on the basisontrast to sodium-channel blockers, potassium-chan-
of mean percentage efficacy with respect to total manel blockers as a class do not exhibit negative inotro-
tality, sudden death, cardiac death, and, especially, \pic actions, but they do produce a variable incidence
recurrencé&?® At 1 year, arrhythmia had recurred inof torsades de pointé$.Thus, in evaluating their use
44% of the patients taking class | agents and in 21% of patients with manifest VT/VF or in those at risk for
the patients taking sotalol @0.0007). Three conclu- developing these potentially fatal tachyarrhythmias,
sions can be drawn from these results: (1) the rdhis risk has to be balanced against the agents’ poten-
sponses are likely drug-specific rather than techniquiial to reduce the incidence of sudden arrhythmic
specific, sotalol being more effective than class deaths.
agents because of its unique combination of pharma- Thus, it is pertinent to ask what their clinical role
codynamic properti€g, (2) Holter monitoring ap- might be in the future. This remains to be defined, but
peared to have greater clinical applicability for selectnitial clinical results from controlled trials allow
ing drug therapy for VT/VF; but (3) Holter monitoring some speculations. Pure class Il drugs appear to have
and programmed electrical stimulation might have nibie greatest utility as antifibrillatory agents, especially
scientific validity, and sotalol (as witB blockers and in converting AF and atrial flutter to sinus rhythm by
amiodarone), may be used empirica@fyAt the very acutely prolonging the effective refractory period and
least, sotalol is clearly superior to class | agents in thlee excitation wavelength. This potential has been
prophylactic control of VT/VF. The data agree withexplored in experimental modet3To date, much of
findings from a blind, controlled study that indicatehe data relate to studies with intravenous ibutifde
intravenous sotalol was significantly more effectivand dofetilidé4; experience with azimilide remains to
than intravenous lidocaine in converting sustaindae reported. The major issues regarding the use of
monomorphic VT to sinus rhythm (69% vs 18%pure class Il agents in the acute conversion of AF and
p <0.01)3° On the other hand, it remains uncleaatrial flutter have been summarized and critically dis-
whether sotalol is, in fact, superior @blockers or to cussed by Rodéhand Singh® The conversion rates
amiodarone for controlling VT/VF. There have beeexceed 30% in the case of AF, and 50% in the case of
no placebo-controlled trials of sotalol for maintainingtrial flutter of relatively recent onset; the associated
sinus rhythm after electrical conversion of AF andate of torsades de pointes during the conversion has
atrial flutter. However, the potency of the drug appeal®en as low as 2—3% in the case of AF and as high as
to be similar to quinidine and propafenoffeThe 8-12% in atrial flutter; in either case, the condition
efficacy of sotalol and amiodarone in maintainingnly rarely required cardioversion. As pointed out
sinus rhythm in AF is being compared in a doubleelsewheré; the studies with ibutilide and dofetilide
blind, placebo-controlled Veterans Affairs Cooperaare of much clinical importance on several counts.
tive study. They validate the concept that isolated prolongation of
d-Sotalol and so-called pure class lll action: is anti- the atrial action potential duration and of refractori-
adrenergic modulation necessary? As discussed above, ness can restore sinus rhythm in AF and atrial flut-
class Ill compounds were synthesized after analyzitgr#7-48 To this extent, clinical data do support the
the structure—activity relationships of the prototypicglremise that action potential duration lengthening per
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FIGURE 2. Effects of sotalol on reinfarction rate (leff) and total mortdlity (righf) in myocardial
infarction survivors randomized to sotalol or placebo. The drug reduced reinfarction rate
significantly; total mortality was reduced by 18%, but the reduction was not statistically sig-
ni?icant. (Reprinted with permission from Lancet.3¢)
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FIGURE 3. Effects of d-sotalol on total mortality in the survivors of recent and remote myo-
cardial infarction. The data shown are survival curves of patients in the placebo and
d-sotalol treatment limbs. d-Sotalol significantly reduced survival compared with placebo.
(Reprinted with permission from Lancet.49)

se is an antifibrillatory mechanism. Moreover, the datarillatory actions. In the case of VT/VF, data from
draw attention to the possibility of a systematic apzontrolled clinical trials are essentially absent.
proach to the pharmacologic conversion of AF and In this context, 2 mortality trials in high-risk, post—
atrial flutter to sinus rhythm, a method that may playnyocardial infarction patients are of much interest.
a role in routine conversion in certain subsets dfhese trials involve dofetilide (results yet to be re-
patients with these rhythm disorders. ported) and the effects af-sotalol, a prototype pure
The role of pure class Il agents in the terminatioclass Il agent. Its effects on mortality in post-myo-
of VT/VF and in the prevention of their recurrence igardial infarction patients at risk for high mortality
less clear. The significant incidence of torsades deere reported recently in a double-blind, placebo-
pointes induced in susceptible patients is the Achille®ntrolled study, Survival with Orald-Sotalol
heel of pure class Il agen$s.Several electrophysi- (SWORD)4° Post—myocardial infarction patients with
ologic features of this group favor the development @f left ventricular ejection fraction 0£40%, some
proarrhythmic reactions that may increase mortafty.having history of congestive heart failure, were ran-
Thus, evaluating pure class Il compounds clinically idomized to placebo or ta-sotalol (100 mg twice
a matter of balancing their antifibrillatory and profi-daily, which was increased to 200 mg twice daily if
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tolerated). The trial was stopped prematurely wheplex side-effect profile might be expected. For exam-
3,119 patients had been enrolled (mean follow-uple, intravenous amiodarone is effective in the control
=156 days) because of increased total mortality in tled hemodynamically destabilizing VT/VF (refractory
drug-treated patients; 42 (2.7%) died in the placelio lidocaine and procainamide) with potency at least
group, and 71 (4.6%) died in tltesotalol (p= 0.005) as high as that of intravenously administered bretyli-
group. The Kaplan—Meier survival curves are shownm 55560n the other hand, the potency of its ability to
in Figure 3. The increase in mortality induced byonvert VT/VF to sinus rhythm has not been studied
d-sotalol is of much clinical and theoretical signifi-systematically. The drug exerts a powerful suppres-
cance. It is the first data from mortality trials insant effect on premature ventricular contractions and
survivors of acute myocardial infarction involving anonsustained VT and provides control in 60—-80% of
pure class Il compound and raises the possibility thegcurrent VT/VF after continuous oral therapy with
the adverse impact on mortality may be a commasonventional drugs has failéd.Yet in only a small
feature of pure class Ill agents, possibly a class actiamumber of patients does the drug prevent inducibility
Little can be said until the outcome of an ongoing triadf VT/VF, as there is little or no systematic relation
involving dofetilide, the so-called DIAMOND (Dan- between the prevention of inducibility of VT/VF and
ish Investigation of Arrhythmias and Mortality onthe long-term clinical outcom@.The properties of the
Dofetilide) study, becomes available; the electradrug during long-term administration permit predict-
physiologic effects of dofetilide are similar but perable control of recurrent paroxysmal supraventricular
haps not identical to those al-sotalol. However, tachycardia, slowing of the ventricular response in AF
sinced,l-sotalol did not increase mortality in myocar-and atrial flutter, and maintenance of stability of sinus
dial infarction survivors (Figure 2), the associatechythm in AF and atrial flutter after chemical or elec-
antiadrenergic action appears to be a pharmacologjiical conversior#4 Clearly, the actions of amiodarone
necessity and should be integral to class Ill antiaextend well beyond its propensity to lengthen the
rhythmic agents. It might be inferred that in the abaction potential duration. Given its unique, multifac-
sence of associate@-blocking activity, the class Ill eted pharmacodynamic profile and provided its side-
actions (i.e., the effect on the effective refractorgffect profile can be improved upon, amiodarone
period) of pure class Il agents (such dssotalol) holds much interest as the prototype for the complex
might be nullified or even reversed during catechotompounds that might be developed for antifibrilla-
amine surges during daily activity. tory actions in the atria and ventriclésThus, sotalol
Amiodarone: Like sotalol, amiodarone was notand amiodarone have emerged as the 2 leading anti-
synthesized as an antiarrhythmic compound. learhythmic drugs for the control of life-threatening
unique antiarrhythmic action was found serendipirentricular tachyarrhythmias, and their therapeutic
tously during an electrophysiologic evaluation of itsoles in this setting need to be considered in relation to
pharmacologic properti€s:.13 Its molecule was tar- the increasing indications for the use of ICDs in pre-
geted for coronary vasodilation in a systematic searglenting arrhythmic deaths in patients with serious
for anti-ischemic agents. The fact that the short-teroardiac disease.
and long-term effects of the drug are different was
recognized early. The first step in delineating its ePOTENTIAL IMPLICATIONS OF
ceedingly complex electropharmacologic propertiRECENT ARRHYTHMIA MORTALITY
was finding that when administered at a constant doERIALS
over many weeks, the drug produced a stepwise in- Recent arrhythmia mortality trials have a number
crease in action potential duration with a time-relateaf common features and objectives. It has become
decrease in heart rate. Important properties of the dringreasingly clear that suppression of arrhythmias may
include its propensity to increase the action potentiabt necessarily lead to a reduction in sudden death.
duration in atrial and ventricular tissues after long-urthermore, sudden death is often a matter of defi-
term drug administration with lesser effects in thaition and may not always be due to an arrhythmia. Its
Purkinje fiber8® and M cells3t reduction in QT dis- reduction may not always correlate with a decrease in
persion52 and a lack of reverse-rate dependency dotal mortality. Sudden death may be a terminal mode
repolarizatiort® The drug is unusual in that it de-of exitus in a patient with advanced cardiac disease,
creases or eliminates the tendency toward early afterhich may be the primary determinant of survival.
depolarization, despite markedly slowing heart rafehus, the critical end point in primary or secondary
and strikingly increasing the QT/QTinterval>* The arrhythmia trials is increasingly the total mortality.
drug also has a proclivity for noncompetitive antiadSuch an end point is used on the presumption that if an
renergic actions, and despite its significant classiritervention does decrease sudden arrhythmic deaths
actions, the drug does not exhibit proarrhythmic asignificantly, the reduction will be reflected in the
tions typical of the class. Similarly, despite the factorresponding decrease in total mortality.
that amiodarone produces marked bradycardia and Two major subsets of patients appear to offer the
very prolonged QT intervals on the surface electrdargest scope for arrhythmia mortality reduction dur-
cardiogram, this incidence of torsades de pointes img prophylactic therapy: (1) high-risk patients surviv-
duced by the drug i8<1%37 ing myocardial infarction, and (2) patients with con-
From such a background of properties, a widgestive heart failure of any origin. In both subsets, the
spectrum of antiarrhythmic effects as well as a conantifibrillatory tendency increases, as do symptomatic
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and asymptomatic ventricular arrhythmias. Thesaimmarized in Figures 4 and 5. How should these data
changes are related to the magnitude as well as theinterpreted and what might their implications be for
nature of mechanical and electrical disorders in ththe post—-myocardial infarction patient?
ventricular myocardium and to the associated de- Amiodarone is a powerful antiarrhythmic com-
rangement of the autonomic nervous system. Thegeund. It has the potential to decrease arrhythmia
alterations may play a key role in determining thenortality, but its favorable effect on total mortality
balance between the antifibrillatory and profibrillatorynay be demonstrable only in a much larger and more
effects of drugs used to prolong survival by preventingglective patient population at high risk for arrhythmic
ventricular fibrillation, the common mode of deathdeath. Until such trial data are forthcoming—an un-
both in patients surviving myocardial infarction and irikely event in the foreseeable future—it appears pru-
those presenting with congestive heart failure. dent not to advocate the routine, long-term arrhythmic
Scope for arrhythmia mortality reduction in post- prophylaxis in the post-myocardial infarction patient
myocardial infarction survivors: After myocardial in- with continuous amiodarone therapy unless there are
farction, the myocardial substrate is often unstablether concomitant indications for the drug. The design
and if the patient is not assessed for risk and treatefifuture prophylactic trials needs to take into account
during the first year, mortality after the index eventhe continuing effect of early thrombolysis, interven-
may be inordinately high. The early in-hospital mortional procedures, aspirin, angiotensin-converting en-
tality may be reduced by thrombolysis, primary anzyme inhibitors, ang blockade, all of which have led
gioplasty, aspirin, ang blockade, whereas late mor-to a striking reduction in mortality in post—-myocardial
tality after discharge from the hospital may be ininfarction patients.
fluenced favorably by revascularization, aspirin, Controlling arrhythmic deaths in congestive heart
angiotensin-converting enzyme inhibitors, and, pefailure: The impact on arrhythmia mortality changes
haps most consistently, i8/blockadez8 As indicated, effected by various classes of drugs in congestive
the effect of class | agents is deleterious; in the caselodart failure has been an area of particularly active
calcium-channel antagonists, the effect is either neimvestigation in recent years. The Digitalis Investiga-
tral or possibly deleteriou. Until recently, only@ tion Group (DIG) trial clearly showed that cardiac
blockers were thought to derive their protective effecglycosides in heart failure do not increase or decrease
not only from the prevention of reinfarction but alsdotal mortalitys> They can be used to improve ven-
from a direct antagonism of the arrhythmogenic adricular performance, without fear of increasing mor-
tions of catecholamines. For exampBehlockers have tality, in congestive heart failure patients.
been shown to reduce total mortality in the survivors The largest number of patients with congestive
of myocardial infarction by 18—-40% during the firstheart failure have significant numbers of ventricular
year® It was discovered early that the benefit omarrhythmias, and half the deaths in this setting are
mortality was somewhat greater in post—-myocardiéthought to be due to arrhythmias. For this reason, the
infarction patients with impaired ventricular func-findings of the Survival Trial of Antiarrhythmic Ther-
tioné%, the magnitude of benefit for all patients appealay in Congestive Heart Failure (CHF-STAT) are of
to be related to the degree of heart-rate reductigparticular interest¢ CHF-STAT was the first double-
which is least forg antagonists that have significanblind, placebo-controlled trial with amiodarone in a
sympathomimetic actiorfs. subset of patients at high risk for sudden death, as
Recent clinical trials suggest that amiodarone, wittharacterized by frequent occurrence of premature
its antiarrhythmic and antifibrillatory effects, mightventricular contractions, aneg80% had nonsustained
reduce mortality in myocardial infarction survivdis. VT on Holter monitoring. Surprisingly, despite the
Amiodarone is appealing in this setting because festriking suppression of asymptomatic arrhythmias, in-
antiarrhythmic drugs can be used with impunity irtluding nonsustained VT runs, and despite a 30—40%
post—myocardial infarction patients with markedly deincrease in left ventricular ejection fraction, there was
pressed left ventricular ejection fraction. Several postie effect on either total mortality or sudden death. Yet
myocardial infarction trials, albeit relatively small anccompared with placebo, there did appear to be a strong
not blind, revealed that the drug had the potential toend toward a decrease in total mortality in the subset
increase survival in post—-myocardial infarction survief patients with dilated cardiomyopatk§In contrast,
vors$3 This observation is in line with the drug’'sthe Grupo de Estudio de la Sobrevida en la Insuffi-
pharmacologic properties, such as significant antiaciencia Cardiaca en Argentina (GESICA) found ap-
renergic, bradycardic, coronary-dilator, and anti-isclproximately a 30% decrease in total mortality in a
emic actions combined with powerful suppression afmaller sample size (i 516 in GESICA vs n= 674
ventricular ectopy and runs of ventricular tachycardign CHF-STAT), with lower left ventricular ejection
Yet both the European Myocardial Ventricular Amifraction and overall greater severity of congestive
odarone Trial (EMIATY3 and the Canadian Myocar-heart failuret” This raises the question whether the
dial Infarct Amiodarone Trial (CAMIATE4 blind, benefit in total mortality might stem from effects other
placebo-controlled studies, showed a significant détan those directly influencing arrhythmic deaths. It
crease in arrhythmic deaths (35% for EMIAT, 48.5%must be emphasized that the difference in total mor-
for CAMIAT) but without a significant decrease intality in patients taking amiodarone in GESICA versus
total mortality (1% for EMIAT and 18% for CHF-STAT remains essentially unexplained. It hap-
CAMIAT). The mean data from these two trials ar@ens that>60% of patients in GESICA had conges-
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FIGURE 4. Principal outcomes on amiodarone in the European FIGURE 5. Principal outcomes on amiodarone in the Canadian
Myocardial Infarction Amiodarone Trial (EMIAT). (Reprinted with Myocardial Infarction Amiodarone Trial (CAMIAT). (Reprinted
permission from Clin Cardiol.’8) with permission from Clin Cardiol.”8)

tive heart failure of nonischemic origin. It is possible@ntioxidant and ana-adrenergic blocker. Whether

that mortality for such patients is affected more favoithese electropharmacologic features play a major role

ably by pharmacologic agents. Thus, in CHF-ST®&T, in the drug’s clinical utility in congestive heart failure

the Prospective Randomized Amlodipine Survivdequires further exploration.

Evaluation Study Group (PRAISE-%j,and Cardiac

Insufficiency Bisoprolol Study (CIBIS¥ amioda-

rone, amlodipine, and bisoprolol, respectively (eadREORIENTATION IN DRUGS AND

having a unique set of actions), appeared to exertiMPLANTABLE DEVICES FOR

favorable effect on mortality in the setting of congesSARRHYTHMIA MORTALITY

tive heart failure due to nonischemic cardiomyopathREDUCTION: A CHANGING SCENE

These agents had no effect on ischemic cardiomyop- As the ICD has continued to be refined technologi-

athy. Whether the difference in response to antifibritally and its versatility increased, it has had a major

latory drugs in congestive heart failure relative to itsnpact on our understanding of how the ICD should be

origin is a real phenomenon remains unclear. combined with drugs to reduce arrhythmic deaths in
Against this background, the increasing data fromertain subsets of patients with cardiac disease. Whereas

clinical trials of carvedilol in congestive heart failureappropriate patient subsets may receive a single method

are of much interest. Packer and otherg? have of treatment, 2 major subsets of patients may be most

stressed some of the unique properties of thAis suited to the combined approach: (1) patients who de-

blocker. In contrast to the actions of metoprolol andelop sustained symptomatic VT followed by cardiac

bisoprolol, carvedilol decreases myocardial noreparest and resuscitation; and (2) high-risk post-myocar-

nephrine and prevents up-regulation@®feceptors— dial infarction patients and patients with congestive heart

features that may increase its potency g% antago- failure of whatever etiology.

nist and thus limit increases in exercise capacity that For both subsets of patients, the perception is that

might otherwise occur due to the drug’s propensity t@ major opportunity for mortality reduction exists if

increase left ventricular ejection fraction. It is also ahfe-threatening ventricular tachyarrhythmias are
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promptly terminated and VT/VF is prevented. Thdlockers or sotalol, and 7 were using amiodarone.
issue is most compelling in patients with markedlyherefore, 38 of the patients in the ICD limb were
decreased ventricular function, especially those withking antiarrhythmic agents capable of influencing
overt or covert cardiac failure, in whom incidence ofmortality favorably, independent of the ICD. More-
sudden arrhythmic death is often inordinately high. Aver, the use of effective antiarrhythmic medications
detailed background to the use of drugs versus ICDsiim the drug limb showed a stepwise decrease as the
patients with manifest VT/VF has been provided elsstudy progressed, whereas antiarrhythmic medication
where in this supplemeri®. In this section of the use increased in the ICD limb. The potential effect on
overview, the emerging data from 2 ICD trials (albeitortality of such a divergence in therapy may need to
quite preliminary data in 1 case) will be discussedye examined. For these reasons, the role of the ICD in
focusing on the issues that affect current clinical dgpatients at high risk for sudden death should be stud-
cision-making processes. ied further. In this regard, the outcomes of the ongoing
The first trial, the Multicenter Autonomic Defibril- Multiple Unsustained Ventricular Tachycardia Trial
lator Implantation Trial (MADIT), compared mortal-(MUSTT) and the Sudden Cardiac Death in Heart
ity in a group of patients at risk for arrhythmic deathrailure Trial (SCD-HEFT) will be of major impor-
treated either by ICD or conventional medical therdance.
py.”4 These patients had previous myocardial infarc- Preliminary results of another ICD trial, the Anti-
tion, a left ventricular ejection fractiori35%, non- arrhythmic versus Implantable Device Trial (AVID),
sustained VT, and inducible VT on programmed eleds also of major importanc€. AVID was terminated
trical stimulation that was not suppressible byrematurely because of the positive result on mortality
intravenous procainamide or an equivalent intraveluring the first year. As a positive ICD trial, AVID is
nous agent. The patients were randomized to an IQiRely to fortify the results of MADIT. It could have
limb or a so-called conventional drug treatment limkprofound repercussions in the way cardiologists (at
MADIT was terminated early when the predefinetkast those in the United States) are likely to treat
efficacy boundary was crossed prematurely<i200 patients with life-threatening ventricular arrhythmias
randomized patients, a 54% reduction in total mortaénd patients at high risk for sudden arrhythmic death.
ity (15 ICD patients vs 39 patients receiving drug In AVID, 1,016 patients with electrocardiogram-doc-
therapy) over a follow-up period of 27 months wasmented VT/VF (with or without cardiac arrests) were
found. MADIT is an important trial, as it used arandomized to an ICD or to best medical therapy. The
unique approach to risk stratification in the postdrug regimen was empiric amiodarone in most patients
myocardial infarction patient. In the Wilber study, and sotalol guided by programmed electrical stimulation
from which MADIT derives its raison d’etre, the ab-in the rest. AVID was terminated prematurely because of
solute numbers of patients in each of its 3 groughe survival figures: mortality was 17.3% in patients
(noninducible, inducible and drug-suppressible, argiven drugs versus 10.9% in patients using the ICD
inducible and not drug-suppressible) were relativefp = 0.012); the adjusted mortality reduction was 33%,
small. Indeed, in the most relevant group (the lashe average adjusted survival being 28.5 months for
one), there were only 20 patieriis Above all, in patients receiving drug therapy versus 31.1 months for
MADIT, the number of patients who underwent propatients using an ICD, with a net increase in survival of
grammed electrical stimulation to arrive at the 198.6 months for patients using the device. Forty-two per-
patients eventually enrolled over a 5-year period reent of the ICD limb patients were giveghblockers. The
mains uncertain. It would seem that such data woutdlossover from the ICD limb to the drug limb was
have been valuable for gauging the cost effectivenegsater than the converse, and the ICD limb patients
as well as the practicality of the approach to arrhyttwere hospitalized earlier, 40% at 1 year and 60% at 2
mia mortality reduction in a cohort of patients at higlyears (p<0.017), during the course of the study. In
risk for sudden cardiac death. AVID, the net costs after 3 years were $76,000/patient
The MADIT investigators’ designation of conven-for the ICD limb and $48,000/patient for the drug (ami-
tional antiarrhythmic therapy may be under contersdarone) limb, a difference of $27,577. The total cost
tion. As pointed out elsewheré,at 1-month follow- was estimated to be $127,000/year of additional survival
up, 8% of patients in the drug therapy limb were ndahduced by the ICD.
taking their antiarrhythmic medications. At the point These data from AVID are preliminary, and their
of last contact, 23% of the patients remaining in thprecise clinical relevance and applicability are under
drug treatment limb were not on any antiarrhythmiconsideration. However, the use of the ICD has with-
agents; only 45% were taking amiodarone; and 118t doubt changed the therapeutic landscape for the
were taking class | antiarrhythmic agents, which haygrevention and control of sudden arrhythmic death. It
either neutral or deleterious effects on mortality. Ahas been shown to accomplish what it was intended to
additional 14% of patients were takingBablocker or do: cardiovert, defibrillate, terminate arrhythmias by
sotalol. Thus, it would seem that for a large segmeantitachycardia pacing, and, if required, provide pac-
of the study period, only 59% of patients in the soing for a markedly slowed rhythm. There is little
called conventional therapy limb were using poterdoubt the ICD has the potential to prolong survival by
tially effective mortality-reducing therapeutic agentseversing transient and potentially reversible disorders
In contrast, of the 86 ICD patients remaining in thef rhythm and conduction that may otherwise prove
study at the point of last contact, 31 were usifig fatal. Ironically, as a single method of treatment, its
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