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Carvedilal’s Antiarrhythmic Properties: Therapeutic Implicationsin Patients

with Left Ventricular Dysfunction
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Summary: Carvedilol isabeta and al pha-adrenergic-block-
ing drugwith clinically important antiarrhythmic properties. It
possessesanti-ischemic and antioxidant activity andinhibitsa
number of cationic channelsin the cardiomyocyte, including
the HERG-associ ated potassium channel, the L-typecalcium
channel, and the rapi d-depol arizing sodium channel. Thedlec-
trophysiologic properties of carvedilol include moderate pro-
longation of action potential duration and effectiverefractory
period; dowing of atrioventricular conduction; and reducing
thedispersion of refractoriness. Experimentally, carvedilol re-
ducescomplex and repetitive ventricular ectopy induced by is-
chemiaand reperfusion.

In patients, carvedilol iseffectivein controlling the ventric-
ular rateresponsein atrial fibrillation (AF), with and without
digitalis, and is useful in maintaining sinus rhythm after car-
dioversion, with and without amiodarone. In patientswith AF
and heart failure (HF), carvedilol reduces mortality risk and
improves left ventricular (LV) function. Large-scale clinical
trials have demonstrated that combined carvedilol and an-
giotensin-converting enzyme inhibitor therapy significantly
reduces sudden cardiac desth, mortdity, and ventricular ar-
rhythmiain patientswith LV dysfunction (LV D) dueto chron-
icHF or following myocardia infarction (MI).

Despiteintensive neurohormona blockade, mortality rates
remain relatively high in patients with post-MI and nonis-
chemic LV D. Recent trid s of implantabl e cardioverter-defib-
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rillators added to pharmacologic therapy, especialy beta
blockers, have shown afurther reduction in arrhythmic deaths
inthese patients.
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dysfunction, atrid fibrillation, ventricular arrhythmias, sudden
cardiac desth

Introduction

Heart failure (HF) due to left ventricular dysfunction
(LVD) is associated with poor long-term survival, with ap-
proximately one half of deaths being sudden and unexpect-
ed.1 Atrid fibrillation (AF) occursin 15-30% of patientswith
HF and isassociated with anincreased risk of death.% 2 In ad-
dition, over 60% of patientswith LV D have concomitant non-
sustained ventricular tachycardia? Carvedilol, long-acting
metoprolol, and bisoprolol have all been found to reducethe
risk of all-cause mortality significantly in HF, including the
risk of sudden arrhythmic death.* However, carvedilal isa
beta-blocking agent with other unique properties, anditselec-
trophysiologic effectsand antiarrhythmic potential havebeen
underappreciated. This paper discusses the multiple antiar-
rhythmic mechanisms by which carvedilol may suppress
ventricular and atria arrhythmiasand reviewsthe experimen-
tal and clinicd evidence supporting its antiarrhythmic effica-
cy inpatientswith LVD.

Electrophysiologic Effectsand
Antiarr hythmic M echanisms

Adrenergic blockers have well-established antiarrhythmic
effects for which a number of mechanisms have been pro-
posed. The anti-ischemic activity of beta blockade may re-
verse the nonuniformity in refractoriness, excitability, and
conduction, and reduce vagal tone caused by myocardid is-
chemia. Betablockade canincreasethethreshold for ventricu-
lar fibrillation (VF) that accompanies high sympathetic and
low vagd toneand may diminishtheattenuation of Class|A or
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Class l11 antiarrhythmic drug action caused by sympathetic
stimulation. Acting through betay receptors, beta-blockade
may exert an antiarrhythmic effect by ameiorating underlying
arrhythmogenic processes such as reinfarction in coronary
artery disease (CAD) and LV D inischemic and nonischemic
cardiomyopathy.> Betap blockade may limit increasesin auto-
maticity, and al phay blockade may inhibit delayed afterdepo-
larizations and triggered activity, al of which areinduced by
norepinephrine.®

Carvedilol is an adrenergic antagonist that blocks betay,
betap, and alphay receptorsin cardiomyocytes, and that dem-
ongtratesimportant antiarrhythmic propertiesboth experimen-
taly and clinically (Fig. 1).8 Specifically, itisanonsdlective,
competitive, adrenergicinhibitor with 7-fold and 2-fold great-
er affinity for beta; than betap and aphay receptors, respective-
ly, and it diminishes sympathetic-induced ischemiaby attenu-
ating myocardial contractility, vasocongtriction, and tachycar-
dia” Thelipophilicity of carvedilol increasssitsactivity inthe
central nervous system, which isimportant in relation to its
vagotonic action.>8

Carvedilol possesses complex electrophysiologic proper-
ties. Its predominant electrophysiologic effects relate to the
drug’sVaughan Williams Class|| dose-related antiadrenergic
effects. Carvedilol’s other electrophysiologic effects are un-
derappreciated andincludedirect membrane-stabilizing activ-
ity (ClasslA); prolonging repol arization by blocking potassi-
um channels (Class I11); and inhibiting L-type cacium
channels(Class1V).%13 Theseeffects appear to bewithout any
known ventricular proarrhythmic activity.

Carvedilal inhibits severd native potassium channelsre-
sponsiblefor repolarization in cardiomyocytes, including the
rapidly and dowly activating components of thedelayed rec-
tifier current (I, and Iks) and the transient outward current
(lto), but not theinward rectifier current (i), which prolongs
the action potential duration (APD) and effective refractory
period to repeat excitability (Fig. 2).2 The mgor impact of
clinically utilized levels of carvedilol (0.1-0.6 uM)° on the
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centra nervous system. Adapted from Ref. No. 6 with permission.

APD inrabbit papillary muscleis dueto aconcentration-de-
pendent inhibition of Iky, the channel encoded in humans by
the ether-a-go-go-related gene (HERG).% 10 At acomparably
adjusted concentration, carvedilol can similarly block cloned
HERG channels expressed in Xenopus oocytes. 10 |n spite of
thismeasured activity, patientstreated with carvedilol do not
demonstrateasignificantly prolonged QT interval onthesur-
face electrocardiogram (ECG).19 Although poorly under-
stood, the mechanism responsible for this lack of QT-pro-
longing effect may include the fact that carvedilol isaweak
Ikr blocker; blockade of 1ksmay minimizethe QT-prolonging
effect; or that blocking the L-type calcium channel or the
beta-blockade effect predominateswith aresultant shortening
of theQT interval.

The effect on Ik is shared by other antiarrhythmic drugs
with ClasslI| activity, including the pure Class| 11 agentsd-so-
talol and dofetilide, aswell asthe multichannel blocker amio-
darone. However, both d-sotalol and dofetilide demonstrate
reversefrequency dependence and can be associated with tor-
sadedepointes.24 Carvedilol, on the other hand, demonstrates
no significant reverse frequency dependence and, in its low
ventricular proarrhythmic potential, more closealy resembles
amiodarone.® At concentrationsof 1 and 3uM, carvedilol pro-
longed the APD in rabbit papillary muscle 7-12% and 12—
24%, respectively, a stimulation frequencies of 0.1-3.0 Hz.°
Thiseectrophysiologic effect of carvedilol appearsto bedue
to a balanced inhibition of L-type calcium channels (more
prominent at lower stimulation frequencies) aswell aspotass-
um channels, resulting in amoderately prolonged APD with
minimal reverse frequency dependence compared with pure
ClasslIl agents.® 1 Theinhibition of L-typecaciumchannds
at concentrations> 0.3 UM not only protectsagaingt the poten-
tialy hazardous effects of prolonged APD, but al so decreases
sinus nodefiring that can mitigatethetachycardiarinducedis-
chemiainmyocardia infarction (M1).2.15

Prolonged APD may be particularly proarrhythmicin the
setting of adecreased sodium current inwhich therefractory
and vulnerable periods are increased.1® Downregulation of
the sodium channel that carries the initial depolarizing in-
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Fic.2 Effect of carvedilol on inhibiting Ik, Ica, lto, Iks- Adapted
from Ref. No. 9with permission.
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ward sodium current (Ina) has been associated with AF, M,
and chronic HF. By reducing therate of Phase O depolariza-
tion, changesin Ina can slow conduction and promote reen-
trant arrthythmias. 11

Inacaninemodel of chronic HF associated with adecrease
in sodium current, long-term carvedilol trestment resulted in
arecovery inthedendty of Ina ! Becausechangesinintracel -
lular calcium modul ate the expression of sodium channelsin
cardiomyocytes, 16 it is believed that chronically heightened
sympathetic betarreceptor stimulation, which increases in-
tracellular calcium, may downregulate sodium channelsin
chronic HF. Carvedilol may increase sodium-channel expres-
sion and Ina density by ameliorating the abnormal calcium
handling found in the failing cardiomyocyte (Spontaneous
sarcoplasmic reticulum sodium rel ease, upregul ated sodium—
calcium exchange, andincreased L -type channd activity), re-
sultinginimproved myocardia conduction.

Treatment with carvedilol causes electrophysiologic
changesin conduction and repol arization; these changesare
manifested by improvements in several important parame-
ters. Nonuniform myocardid repolarization that leadsto dis-
persion of refractorinessiswell recognized as an important
predisposing factor in the genesis of reentry and malignant
ventricular arrhythmias. 1’ QT dispersion on the 12-lead sur-
face ECG providesanindirect estimate of arrhythmogenicity
and has been used asa potential indicator for predicting sud-
den cardiac death and drug effects on cardiac mortality.18 19
In astudy of patients with ischemic and nonischemic cardi-
omyaopathy, long-term treatment with carvedilol significantly
reduced QT dispersionin both etiologic categories. Itisinter-
esting that improved repolarization homogeneity paralleled
enhanced left ventricular (LV) function, which is associated
with carvedilol usein chronic HF20 When compared with the
betay-selective blocker metoprolol in patients with clinical
HF, long-term carvedil ol treatment significantly reduced QT
temporal dispersion.z

A secondindicator of improved conduction with carvedilol
was observed in astudy of intracardiac conduction intervals.
The effects of propranolol and carvedilol on atrioventricular
conduction were compared inisolated rat heart preparations.
Carvedilol produced 10-fold greater increasesintheatria-His
interval than propranolol and also suppressed His-ventricular
conduction at high doses. The differences between the two
drugswere unrelated to the al phas-bl ocking property of carve-
dilol or to differencesin direct membrane-stabilizing activity
between thetwo agents.2

Carvedilol is a unique beta blocker because a carbazole
moiety initsstructure confersan antioxidant property that a-
lows carvedilal to protect biological membranes against oxy-
gen-freeradicalsin vitro and in vivo.23 Carvedilol possesses
approximately 10-fold greater antioxidant activity than vita-
min E, and severd of its metabolites are 50-100 times more
potent than the parent drug itself.14 Because oxidative stress
can be a factor in ventricular arrhythmias, the antioxidant
property of carvedilol may beresponsiblefor someof itsan-
tiarrhythmic activity.2* Reperfusion arrhythmias, in particul a,
have been linked to aburst of oxygen-freeradicasreleased on

resumption of coronary blood flow. In an anesthetized rat
model of coronary reperfusion, the effects of carvedilol, pro-
pranolol, and the combined antioxidant enzymes superoxide
dismutase (SOD) plus catalase were compared in ventricul ar
arrhythmogenesis.2* The incidence of reperfusion-induced
ventricular tachycardia(VT) or VFwas 100% in control ani-
mals. Whereas carvedilol alone and propranolol plus SOD/
catalasesignificantly reduced VT and VF, neither propranolal
alone nor SOD/catal ase al one diminished these arrhythmias.
The combined beta-bl ocking and antioxidant activities of car-
vedilol appeared to help suppressthese lethal ventricular ar-
rhythmias.2* The samemechanismsmay asoaidintheeffects
of carvedilol in AF because thisarrhythmiaisalso associated
with oxidativeinjury. Atrial tissueremoved from patientswith
persistent AF have demonstrated increased levels of protein
oxidation compared with patientsin sinusrhythm.2

Clinical Data
Atrial Arrhythmias

Sympathetic stimulation isawell-established cause of the
induction and perpetuation of AF.28 Although digoxiniscon-
Sidered astandard AF treatment, it issignificantly less effec-
tivefor controlling ventricular response during daily activity
(especidly during exercise) than a beta blocker or acacium
blocker alone or in combination with digoxin.2” Recently, the
Atrid Fibrillation Follow-up Investigation of Rhythm Man-
agement (AFFIRM) investigatorsreported that betablockers
were the class of drugs most likely to result in effective rate
control when compared with calcium blockers or digoxin.28
Compared with patientsin sinus rhythm, those with HF and
AF have nearly twice the risk of dying from pump failure.3
Digoxin doesnot reduce mortality in patientswith chronicHF,
whereas certain beta blockers (carvedilol, bisoprolol, meto-
prolol) have been associated with significant mortality reduc-
tionsinthishigh-risk popul ation.* 2931

Retrospective analysis of large randomized, placebo-con-
trolled HF trials have found that, in patientswith AF at base-
line, carvedilol treatment significantly improved LV function
and clinical status. Carvedilol improved LV gection fraction
(EF) by 10% (23-33%), compared with 3% with placebo.
Carvedilol trestment wasd so associated with a65% reduction
in death or hospitdization for HF (carvedilol 7%, placebo
19%; p = 0.055).32 While the beneficial effects of carvedilol
werefoundtoextendto patientsin AF, asimilar large-scaletri-
al of the betay-selective blocker bisoprolol did not find amor-
tality benefit or reduction in HF hospitalizations in patients
with HF and AF, suggesting aclinicdl differencebetween beta
blockers.33

Digoxin and beta blockers are commonly used for rate
control in chronic AF. A randomized, double-blind compari-
son of carvedilol alone, digoxinaone, or their combinationin
patientswith chronic HF and persistent AF found the combi-
nation to be generally superior to either drug alone. Adding
carvedilal to digoxin significantly reduced theventricular re-
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sponse on 24-h Holter monitoring and during submaximal
exercise. However, no significant differences were demon-
strated between the two drugs when used alonefor rate con-
trol (Fig. 3).3

After cardioversion of persstent AF, 1-year recurrence
ratesare ashigh as 75% in untreated patients or those receiv-
ing placebo. Although Class1A and |11 antiarrhythmic drugs
can suppress AF recurrences, rate control drugsusually have
little suppressive effects on recurrences. However, recent data
suggest that metoprol ol and carvedilol may have added antiar-
rhythmic effects. A recent study demonstrated that |ong-act-
ing metoprol ol wassuperior (p=0.005) to placeboin prevent-
ing recurrences post cardioversion.3 Inthe metoprolol group,
relapses occurred in 48.7% of patients compared with 59.9%
of patientsin the placebo group. When AF recurred, the ven-
tricular response was statigtically lower in the metoprolol-
treated group (p = 0.015).%5 In apostcardioversion trid com-
paring carvedilol with bisoprolol, carvedilol had a14% lower
rate of AF relapse during the 1-year period following cardio-
verson (Fig. 4).36
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Carvedilol wasa so compared with two other betag-selec-
tive blockers, metoprolol and atenolal, in astudy of postoper-
ative AF asacomplication of cardiac surgery. Postoperative
AF occurred in 8% of carvedilol-treated patients versus 32%
of metoprolol- or atenol ol -treated patients, for a75% risk re-
duction. This occurred despite significantly poorer baseline
LV functioninthe carvedilol group (Fig. 5).3” Carvedilol was
compared with amiodaronein aplacebo-controlledtrial of pa-
tientswith chronic AF undergoing electrical cardioversion.®
Petientswere randomized to receive carvedilol, amiodarone,
or no antiarrhythmic drug for 6 weeksbefore and after exter-
nal transthoracic cardioversion. Successful cardioversonwas
achieved with carvedilol and amiodarone pretreatment (87
and 94%, respectively) versus no antiarrhythmic prophylaxis
(69%). Petientsin both drug-treated groupsimmediately had
longer fibrillatory cycle-length intervals pre conversion and
longer atrid effectiverefractory periods5min post conversion
than unprotected patients. M ore patientswho experienced an
AF relapse by 7 days were untreated (44%) compared with
thosereceiving either carvedilol (29%) or amiodarone (19%)
treatment (Fig. 6).38 Thesimilaritiesin electrophysiologicand
clinica responses to the two agents suggest that carvedilal
may have abeneficid roleinthemanagement of chronic AR,

The effect of long-term carvedilol therapy on atria ar-
rhythmiain patientswith impaired post-M|I LV function was

p=0.05
- oNone
100 o Amiodarone
80 m Carvedilol
£ 607
i%
8 40
&
20
Cardioversion AF relapse

Fic.6 Effect of carvedilol and amiodarone on atrid fibrillation
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reported from the recent Carvedilol Post-Infarct Survival
Control in Left Ventricular Dysfunction (CAPRICORN) tri-
a. Almost 2000 survivors of M1 with an EF <40%, with or
without clinical HF, wererandomized to carvedilol or place-
bo trestment in addition to an angiotensin-converting enzyme
(ACE) inhibitor. Although the occurrence of AF or flutter was
low, carvedilol-treated patients experienced 52% fewer su-
praventricular arrhythmias, including 59% fewer episodes of
AF or atrid flutter (Fig. 7).%° It remains to be determined
whether carvedilol’s unique el ectrophysiologic, a phablock-
ade, and antioxidant propertiesadd to thedrug' s efficacy over
other beta-blocking agents.

Ventricular Arrhythmias

Sudden cardiac desth, in the vast majority of cases, results
from VT that degenerates into VF.4% 41 Despite improved
management strategies, ventricular arrhythmias remain im-
portant markers of dectrica instability and contribute to the
identification of patients at increased risk of sudden cardiac
death due to LVD or following MI1.424 Clinical trids have
demonstrated that beta blockers reduce simple and complex
ventricular ectopy and decrease sudden cardiac death.2

Theclinica antiarrhythmic efficacy of carvedilol wasdem-
onstrated by Holter monitoring in an uncontrolled open study
of 65 patientswho weretreated for hypertension, HF, or angi-
na13 After 4-8 weeks of carvedilol treatment, the number of
premature ventricular contractions (PVCs) had decreased
from 26to 6/h, and 23% of patientswith multifocal PV Cscon-
verted to aunifoca morphology. Nonsustained VT that had
been present in four patientswas absent at follow-up. Anim-
provement in Lown classification occurred in 50% of the pa-
tients(Fig. 8).13

Theeffect of carvedilol on complex, nonsustained ventricu-
lar arrhythmias was more rigorously evaluated in arandom-
ized, placebo-controlled clinical trid in patients with dilated
cardiomyopathy.* In this study, carvedilol or placebo was
added to conventiond therapy that included digitais, diuretics,
and ACE inhibitors in 168 patients with ischemic or nonis-

chemic cardiomyopathy and Lown class111-V ventricular ar-
rhythmias (multifocal or repetitive PVCs, VT, or R-on-T). Al
participantshad New York Heart Association (NYHA) class
14V HF and echocardiographically measured EF <35%.
Forty-eight-h Holter recordings were performed at baseline
and after 1, 3, and 6 monthsof treatment. Suppression of ven-
tricular ectopy was seen after 1 month in both ischemic and
nonischemic groups, with significant decreasesintotal PV Cs,
repetitive PVCs, and nonsustained VT. Further reductions
were seen at 3 months but remained stable at 6 months. At 1
month, patients with ischemic cardiomyopathy experienced
significantly greater arrhythmiasuppression than patientswith
nonischemic cardiomyopathy despite no EF differences. At3
months, when both groupshad improved ventricular function,
the degree of ventricular ectopy suppression was comparable,
suggesting that the early improvement had been caused pri-
marily by the anti-ischemic effect of carvedilol. This benefit
was augmented by the subsequent beneficial effectsof carve-
dilol onventricular remodeling in both groups.#6

While carvedilal hasbeen showntoimprove mortality and
morbidity risk inawiderangeof patientswith chronic HF due
tomildto severe LV D,#-#9 trestment with amiodarone hasnot
shown consistent benefit in death reduction. 52 In aretro-
spective subgroup andysis of the European Myocardia In-
farction Amiodarone Trial (EMIAT) in patientswith post-Ml
LVD, amiodarone-treated patients who had been receiving
concomitant beta-blocker therapy did experienceasignificant
surviva advantage over untreated patients.>2 A prospective
clinica trid was subsequently reported, inwhich patientswith
severe HF treated for 1 year with carvedilol plusamiodarone
experienced significant clinical benefits.53 Compared withen-
try, 26% more patients were in sinus rhythm at the end of 1
year, the average heart rate was reduced from 90 to 59 beats/
min, and thenumber of PV Csand episodesof tachycardiawas
significantly suppressed. Left ventricular EF increased from
26 to 39% and the average NYHA clinical class improved
from 3.17 to 1.8. Compared with historic controls of smilar
patients receiving neither test drug, transplantation-free sur-
vival increased by 36% (Fig. 9).5% However, the possibility of
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severe bradycardiamust be anticipated with this combination
of two negatively chronotropic drugs. In this population, ap-
proximately 6% of patients became pacemaker dependent
within 1year.3

The effectsof carvedilol on ventricular arrhythmiasin pa
tientswith post-M| LV D werereported inthe CAPRICORN
trial .3 Survivors of M| with an EF <40% (n = 1959) were
randomized to treatment with either carvedilol or placebo.
During over 1 year of follow-up, carvedilol significantly re-
duced supraventricular arrhythmias, ventricular arrhythmias,
andVF (Fig. 10).3°

IntheCarvedilol Or Metoprolol European Trial (COMET),
carvedilol was compared in ahead-to-head clinical trial with
metoprolol tartrate in patients with chronic HF. Metoprolal
tartrate is abetay-sel ective beta bl ocker that does not possess
either aphay-blocking or antioxidant properties. Over amean
follow-up of nearly 58 months, total mortality was 17% lower
with carvedilol 5

ImplantableCar dioverter-Defibrillatorsand
BetaBlockers

Recent advances in the pharmacologic approach to LVD
have s gnificantly improved clinical outcomesin patientswith
ischemic and nonischemic cardiomyopathy, with recent or
distant M1, and with or without symptomatic HF. Neurohor-
monal blockade hasevolved sincethe 1990swith the stepwise
demonstration of the additive benefits achieved from treat-
ment with ACE inhibitors, betablockers, aldosterone antago-
nists, and angiotensin-receptor blockers (ARBS) asan dterna-
tiveto ACE inhibitors. Nevertheless, in the recent Eplerenone
Post-Acute Myocardid Infarction Heart Failure Efficacy and
Survival Study (EPHESUS), dl-cause mortdlity after 16
months was 14% in the eplerenone-treated group, in which
40% of cardiovascular desths were sudden. In this study of
survivorsof acute M1 withimpaired LV function, themgjority
of patientswerea so receiving an ACE inhibitor (or ARB) and
abetablocker in additionto eplerenone.®

Unresolved mortality in HF hasled to the evaluation of im-
plantable cardioverter-defibrillators (ICDs) in addition to opti-
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with placebo (Cl 42%, 76%,; p < 0.001). Source: Ref. No. 39.

mal pharmacologic therapy. A significant mortality benefit of
| CD added to conventional therapy versuscornventiona thera-
py donehasbeen documented inanumber of diverserandom-
ized clinicd triasin patientswith CAD or nonischemic car-
diomyopathy (Table1).56-63 The Multicenter Automatic De-
fibrillator Implantation Triad (MADIT),% MADIT-11,%" and
the Multicenter UnSustained Tachycardia Trial (MUSTT)>%8
selected high-risk, postmyocardid infarction patientsbased on
impaired LV function; inMADIT and MUSTT, nonsustained
VT and inducible sustained VT during electrophysiologic
studies with programmed stimulation was also present. The
other trials selected survivors of MI or patients with nonis-
chemic cardiomyopathy based on poor LV function aone.
Except for theearly trials (MADIT and Coronary Artery By-
pass Graft-Patch [ CABG-Patchy]), patientsin theremainder of
trialswere concomitantly receiving afull range of pharmaco-
logic therapy that could include an ACE inhibitor or ARB, a
betablocker, an ddosteroneinhibitor, diuretics, digitalis, and
amiodarone (Tablel).

Tablel listsavariety of featuresof each study, includingthe
total mortality reduction of 1CD therapy compared with con-
ventional medical management alone. Inthe positive studies,
| CD therapy was associated with about one-third to one-half
fewer deaths. An even greater reduction intherate of sudden
or arrhythmic deaths occurred with ICD use. In MUSTT38
and in the DEFibrillator In Non-Ischemic cardiomyopathy
Treatment Evaluation (DEFINITE),® the rate of cardiac ar-
rest or arrhythmic death was reduced by 72 and 80%, respec-
tively. The Defibrillator In Acute Myocardia Infarction Tria
(DINAMIT)® also showed a marked decrease (58%) in ar-
rhythmic deaths, athough the effect on total mortdity was
cancelled by asignificant unexplained increasein the number
of patientswho died from nonarrhythmic causes (overall mor-
tality hazard ratio=1.08, p=0.66).

Beta-blocker usevaried widdly in these studies, from 18to
86%, with uselowest intheolder trialssuch asMADIT-I and
highest in more recent trials (MADIT-11-70%). The Sudden
Cardiac Death in Heart Failure Tria (SCD-HeFT) and the
Comparison of Medica Therapy, Pacing, and Defibrillationin
Heart Failure (COMPANION) aretwo studiesthat reported a
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TaBLE |  Randomizedimplantable cardioverter-defibrillator trialsin patientswith [ eft ventricular dysfunction
MADIT MADIT-II5 MUSTT%® SCD-HeFT>® DEFINITE® COMPANIONS! CABG-Patch®? DINAMIT®

Number of patients 196 1232 704 2,521 485 1,520 900 674
Monthsof follow-up 27 20 39 40 29 16 32 30
NYHA classl or I, % 63 30 63 100 75 83 74
Mesan gection fraction, % 27 23 30 <35 21 22 27 28
Etiology, %

CAD/ICM 100 100 100 53 — 55 100 100

NICM — — — 47 100 45 — —
Medication, %2

ACE inhibitor 60 68 72 85 84 69 55 9%5

Betablocker 26 70 29 69 86 68 18 87

ARB 1 31 21

Aldosteroneantagonist 19 14 55

Diuretic 53 72 58 82 87 97 57

Digitdis 58 57 52 70 42 69

Amiodarone 2 13 0 4 4
Total mortality reduction, % 54 31 51 23 35 36 NS NS

a|n patientsreceiving ICD.
b Compared with control group.

Abbreviations: ACE = angiotensin-converting enzyme, ARB = angiotensin receptor blocker, CABG-PATCH = Coronary Artery Bypass Graft, CAD =
coronary artery disease, COMPANION = Comparison of Medica Therapy, Pacing, and Defibrillation in Heart Failure, DEFINITE = Defibrillatorsin
Non-Ischemic Cardiomyopathy Treatment Evaluation, DINAMIT = Defibrillator in Acute Myocardial Infarction Trial, ICM = ischemic cardiomyopa-
thy, MADIT =Multicenter Automatic Defibrillator Implantation Trial, MUSTT =Multicenter Unsustained TachycardiaTrid, NICM =nonischemic car-
diomyopathy, NS=not significant, NYHA =New York Heart Association, SCD-HeFT = Sudden Cardiac Deathin Heart Failure Trid.

Sources: Refs. 56-63.

synergy between |CD and beta-blocker use. In SCD-HeF T,
thesurviva benefit of ICD therapy wasgreater for the popula
tion of patients recelving concomitant beta blockers (32%)
compared with those who did not (8%). Similarly, in COM-
PANION ! asignificant reductionintotal deathswasdemon-
srated for patientsrandomized to |CD therapy who wereaso
taking betablockers, but not for patientswho did not. Of par-
ticular note, the proportion of tota deaths dueto arrhythmia
(one-third) in the conventional therapy groupin DEFINITE®
waslower than hasordinarily beenreported (one-half) for this
population of patients. Thisdisparity may have been duetothe
comparatively high use of ACE inhibitors and beta blockers
(mostly carvedilol) encountered inthistrial. Carvedilol isthe
only beta blocker that has been shown to reduce the risk of
deathin patientswithimpaired LV function, both with chron-
ic HF andfollowing acute M| .4 48.64

Datafor the abovetrialsconfirm that in patientswith an EF
< 30-35%, the addition of an 1CD can significantly reducethe
risk of sudden arrhythmic desth and decrease overall mortali-
ty; ICDsshould beimplanted in appropriate patients, but only
after optimal medicd therapy with beta blockers, ACE in-
hibitors, and al dosterone antagonists has also been used. The
implantation of pacemakers, pacemaker/ICDs, and biventric-
ular pacing devices is often useful for avoiding significant
bradycardia secondary to high beta-blocker doses. Thus, pa-
tientswith such pacing devices can often be treated more ag-

gressively with betablockers and their medical management
can be optimized.

Conclusions

Carvedilal is an adrenergic blocker with antiarrhythmic,
anti-ischemic, and antioxidant properties that inhibits alpha-
and beta-adrenergic receptors aswell as potassium, calcium,
and sodium ion channelsin cardiomyocytes. It shares many
electrophysiologic propertieswith amiodarone and lacks the
QT-prolonging proarrhythmic potential of dofetilide, d-so-
talal, or the Class| A antiarrhythmic agents.

Carvedilol treatment decreases mortality in patients with
AFand reduced LV function. Carvedilol improvescardiover-
sion successin patientswith persistent AF and reducestheoc-
currenceof postoperative AF after cardiac surgery. Carvedilol
isaso highly effectivefor ventricular rate control andisclini-
caly useful for AF inthe presence of LV D dueto chronic HF
oranMl.

Clinical trial evidence hasdemongtrated that carvedilol re-
ducesventricular ectopy, including total, multifocal, and repet-
itive PVCs, aswell as nonsustained VT in patients with HF
dueto LVD andin patientswith VT and VF post MI. Carve-
dilol improvesthelikelihood of survival in patientswith L\VD
dueto chronic HF or following M. In patients receiving opti-
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pharmacol ogic therapy with ACE inhibitors, beta block-

ers, and adosterone antagonigts, the appropriate addition of an
| CD further reducestota mortality and sudden cardiac death.
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