REVIEW ARTICLE

Drugs 1998 Mar; 55 (3): 331-346
0012-6667/98/0003-0331/$16.00/0

© Adis International Limited. All rights reserved.

Current Treatment Recommendations
In Antiarrhythmic Therapy

Isabelle C. Van Gelder, Johan Brigemann and Harry J.G.M. Crijns

Department of Cardiology, Thoraxcenter, University Hospital Groningen,
Groningen, The Netherlands

Contents
SUMMATY . L e e e 331
1. Antiarrhythmic Drug Classification . . . . . . . . . . . . . . . e 332
2. Class| Antiarrhythmic Drugs . . . . . . . . . o 0o 333
2.1 Ventricular Arrhythmias . . . . . . . . . 333
2.2 Supraventricular Arthythmias . . . . . . . . . . . . e 335
3. Class Il Antiarrhythmic Drugs . . . . . . . . . . 336
3.1 Ventricular Arrhythmias . . . . . . . . . . 336
3.2 Supraventricular Arthythmias . . . . . . . . . . . . e 336
4. Class lll Antiarrhythmic Drugs . . . . . . . . o o 0 o 336
4.1 Sotalol . . . . .. e 336
4.2 Pure Class lllDrugs . . . . . . o v i e 337
4.3 AmiIodarone . . . . ... e 338
5. Class IV Antiarrhythmic Drugs . . . . . . . . . . o e e e 341
5.1 Ventricular Arrhythmias . . . . . . . . e 341
5.2 Supraventricular Arrhythmias . . . . . . . . . . e 341
6. Current Perspectives: Drugs or Devices for the Treatment of Arrhythmias? . . . . . . ... .. ... 342
6.1 Ventricular Defibrillator . . . . . . . . .. 342
6.2 Atrial Defibrillator . . . . . . 343
7. CONCIUSIONS . . . . . . o e 344

Summary

Over the past decade, various studies have demonstrated that class | antiar-
rhythmic drugs should be avoided in patients with heart failure, cardiac ischaemia
or a previous myocardial infarction. In contrast, class Il dr@gsdckers) reduce
morbidity and may even lower mortality in patients suffering from moderate to
severe heart failure. In these patients, careful titration of the drug dosage, fre-
qguently during hospital admission, may be necessary.

Ifin the setting of heart failure ventricular arrhythmias are symptomatic and/or
sustained, patients can be treated effectively, after appropriate treatment of the
underlying disease, with the class Ill drug amiodarone. Unfortunately, this drug
does not lower overall mortality, implying that prophylactic institution of amio-
darone is not indicated. Pure class Il antiarrhythmic drugsiid@talol, ibutilide
and dofetilide show a high rate of torsade de pointes. Currently, only ibutilide has
been approved for clinically monitored intravenous administration. Class IV
drugs, the calcium channel blockers, are still very useful for rate control of atrial
fibrillation and conversion or prevention of atrioventricular nodal re-entrant
tachycardias and circus movement tachycardias using a (concealed) bypass tract.
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Finally, an implantable cardioverter defibrillator seems to improve overall
survival in patients with life-threatening ventricular arrhythmias. This may imply
that an increasing number of patients will be candidates for such a device. How-
ever, it will be necessary to await publication of data involving these devices from
current ongoing studies.

Antiarrhythmic drug (AAD) therapy has always anisms (prolongation of the action potential dura-

been the cornerstone of treatment for cardiation, a class Il effect, can result from blockade of
rhythm disturbances. Limited efficacy and the po-one of the K channels or modification of the Na
tential to aggravate arrhythmias and to induce corer Ca* channels). In addition, some drugs have
duction disturbances and/or heart failure (HF), tormore than one class effect (amiodarone, a class IlI
gether with the success of radiofrequency ablatiomAD, also possesses class I, Il and 1V effects). Fi-
and new devices for the management of arrhythnally, the classification is incomplete, e.g. adeno-
mias, have reduced the previous enthusiasm fagine and digitalis do not fit within it.

prescribing these drugs. The present review deals Since that classification system was defined,
with new data on AAD therapy. cardiac electrophysiology and molecular biology

1. Antiarrhythmic Drug Classification

have increased our knowledge of the underlying
mechanisms of arrhythmias and a more sophisti-
cated classification of AADs was proposed which

Over the past 2 decades, the Vaughan William¥vas called the Sicilian Gambit (table ).If the

classification has guided clinicians in their choiceclinician wants to use this system for treatment of

of AADs .14 In this classification system, AADs an arrhythmia, 4 steps must be followed:

were divided into 4 classes primarily on the basis
of their effects on transmembrane action potentials
(table 1). The classification typically originated in
an era when only a few antiarrhythmic agents were
available and there was little knowledge of electro-
physiological mechanisms and the role of receptors
and ion channels. Since then, its limitations have
become increasingly evident. For example, a single
class effect can be produced by a number of mech-

The underlying mechanism (re-entry, automat-
icity or triggered activity) first must be identi-
fied (or hypothesised).

Secondly, the parameter which is susceptible to
modification, e.g. action potential duration or
conduction velocity, must be determined (or
hypothesised).

Next, the ionic current, receptor or pump which
can modify this parameter, e.g. prolongation of

Table I. Antiarrhythmic drugs classified according to the Vaughan Williams classificatior*-3!

Class Mechanism of action

Representative drugs

1A Na* channel blockade (moderate block)
decrease of conduction velocity (QRS widening)
prolonged repolarisation (QT prolongation)
B Mild block of Na* channels
decrease of conduction velocity
shortened repolarisation
IC Marked block of Na* channels
decrease of conduction velocity
no change in repolarisation
1l B-Adrenoceptor antagonists
lowering of sinus rate
1] Marked prolongation of repolarisation
\Y Calcium channel blockers

Quinidine, disopyramide, procainamide

Lidocaine (lignocaine), mexiletine, phenytoin

Flecainide, propafenone, encainide

Metoprolol, atenolol and others

Sotalol, ibutilide, amiodarone, new class Ill drugs
Verapamil, diltiazem
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Table Il. Classification of arrhythmogenic mechanisms at the cellular level in terms of vulnerable parameters (modified after the Sicilian
Gambit)l®!

Mechanism Arrhythmia Vulnerable parameter lonic current Antiarrhythmic drug
Automaticity
enhanced normal Inappropriate sinus Phase 4 depolarisation If; lcat (block) -Adrenoceptor antagonists
tachycardia (decrease) Ik(ach) (activate)
abnormal Ectopic focal atrial Hyperpolarisation of diastolic Ik; lk(ach) (activate) M2 agonists or calcium or
tachycardia potential or phase 4 Ica-L; Ina (block) sodium channel blocking
depolarisation (decrease) agents
Triggered activity
early after Torsade de pointes Shortening of action potential Ik (activate) B-adrenoceptor agonists
depolarisations duration or suppression of EAD Ica-L; Ina (block) [e.g. isoprenaline

(isoproterenol)]; calcium
channel blockers; Mg**,
[B-adrenoceptor antagonists

late after Digitalis-induced Unload of calcium overload or  IcaL (block) Calcium channel blockers;
depolarisations arrhythmias DAD suppression Ica-L; Ina (block) sodium channel blockers
Re-entry

long excitable gap Common atrial flutter Depress conduction and INa (block) Sodium channel blockers

excitability

short excitable gap  Atrial fibrillation Prolong refractory period Ik (block) Potassium channel blockers

calcium channel- AV nodal re-entrant Depress conduction and Ica-L (block) Calcium channel blockers

dependent tachycardia excitability

Abbreviations: AV = atrioventricular; DAD = delayed afterdepolarisations; EAD = early afterdepolarisations; ks = calcium current through
L-type calcium channel; Ica.t = calcium current through T-type calcium channel; k = inward current carried by Na* generating phase 4
depolarisation (sinus and AV nodal cells and His-Purkinje cells) and contributing to pacemaker function; k = potassium channel, ‘delayed
rectifier’; lkacn) = acetylcholine-dependent potassium channel, activated by muscarinic (M) receptor; Ina = sodium channel; M2: muscarinic
receptor.

the action potential duration in case of re-entry 2. Class | Antiarrhythmic Drugs
as underlying mechanism, must be identified
(or hypothesised). 2.1 Ventricular Arrhythmias

* Finally, the AAD which may act in the desired

Although believed to be benign in the absence
manner can be chosen.

In th le of ith a sh itabl of structural heart disease, premature ventricular
n the example of re-entry with a short excita ecomplexes are a risk factor for sudden cardiac

gap the delayed rectifierg,| is the ionic current death in the post-myocardial infarction (MI) con-
which needs to be modified. Although a very inter- 4o 6] The Cardiac Arrhythmia Suppression
esting approach for electrophysiologists, it hasyyig (CAST) was designed to test whether sup-
several limitations for a clinician. First and most pression of premature ventricular complexes with
importantly, identification of the mechanism un- gjther of the AADs encainide or flecainide could
derlying a particular arrhythmia is not always pos-prevent mortality in patients with asymptomatic or
sible in clinical practice, which makes the Sicilian mildly symptomatic ventricular arrhythmias after
Gambit approach rather difficult to use. Secondly,m|.[7l Compared with placebo, the mortality rate
the knowledge of a clinician on ion channels andin the patients treated with flecainide or encainide
receptors is usually rather limited. Therefore, inwas 2 to 3 times higher. In CAST Il, mortality was
this article, AADs are discussed according to thesignificantly higher in the patients treated with
Vaughan Williams classification, which is still moricizine, another class IC AAD, compared with
quite useful for routine clinical practice. A listing placebd®® Thus, CAST | and 1l clearly showed
of the indications, adverse effects and contraindithat in post-MI patients, suppression of premature
cations of antiarrhythmic drugs is listed in table IIl. ventricular beats by means of class IC AADs does

O Adis International Limited. All rights reserved. Drugs 1998 Mar; 55 (3)
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Table Ill. Indications, dose, adverse events and contraindications of antiarrhythmic drugs

Drug Dose Indication Adverse events Contraindications
oral (mg) intravenous cardiac noncardiac
Class |
Quinidine 200-400 NA Prevention of SVT, Torsade de pointes, Gastrointestinal Heart failure
sulphate tid-qid VT, VF2 heart failure, complaints
AV block
Lidocaine NA 2-49/24h Prevention of VT/VF AV block Dizziness, speech AV conduction
(lignocaine) during ischaemia disturbances disturbances
Flecainide 150-300 150mg in 15 min  Conversion/prevention Ventricular tachy- Blurred vision QRS duration >120
of SVTIVT/VF cardia, AV block, msec, heart failure,
bundle branch block, ischaemia, old MI
heart failure
Propafenone 400-900 1-2 mg/kg in Conversion/prevention Ventricular tachy- Dry mouth, obstipation QRS duration >120
10 min of SVT/IVTIVF cardia, AV block, msec, HF,
heart failure ischaemia
Classes II, Il and IV
Metoprolol 50-200 5mg Prevention of Hypotension, heart  Impotence, fatigue, Severe COPD,
sympathetic induced  failure, AV block, bronchospasm careful adminis-
SVTIVTIVF, sinus bradycardia tration in patients
prevention of SCD in with HF and AV
post-MI and HF conduction disturb-
patients, prevention of ances
AVNRT, CMT®, rate
control in AF
Sotalol 160-320 100mg in 15 min  Prevention of Torsade de pointes, Impotence, fatigue, Severe COPD,
SVT/IVTIVF AV block, hypo- bronchospasm careful adminis-
tension, HF tration in patients
with HF
Ibutilide NA 0.01 mg/kg in 10  Conversion of AFL/AF  Torsade de pointes  No data available NA
min (if necessary
repeated after
10 min)
Amiodarone 200-300°  800-1200mg/24h Prevention of Torsade de pointes, Photosensitivity, Thyroid disease
SVTIVT/VFY AV block, hypo- hypo-/hyperthyroidism,
tension, sinus brady- pulmonary toxicity,
cardia, HF liver toxicity
Verapamil 120-240 5-10mg in Termination and AV block, hypo- Ankle oedema, Careful adminis-
5-10 min prevention of AVNRT, tension, brady- dizziness, fatigue tration in patients
CMTPY, rate control cardia, heart failure with AV conduction
in AF disturbances
a No first choice therapy.
b Prevention only in case of concealed CMT.
¢ After loading 600-800mg over 4wk for SVT and 800-1200mg for VT.
d No first-choice therapy except for patients suffering from HF.

Abbreviations: AF = atrial fibrillation; AFL = atrial flutter; AV = atrioventricular; AVNRT = atrioventricular nodal re-entrant tachycardia; concealed
CMT = circle movement tachycardia in patients with a (concealed) bypass tract; COPD = chronic obstructive pulmonary disease; HF = heart
failure; MI = myocardial infarction; NA = not available; gid = 4 times daily; SCD = sudden cardiac death; SVT = supraventricular tachycardia;
tid = 3 times daily; VF = ventricular fibrillation; VT = ventricular tachycardia.

not reduce post-MI sudden death mortality. Toischaemia, a previous myocardial infarction or
the contrary, these drugs may even promote thémpaired left ventricular (LV) function and non—

incidence of lethal ventricular arrhythmias. Sincelife-threatening arrhythmias. However, class IC
then, it has been recommended that class IQADs can safely be prescribed in patients without
AADs should not be given to patients with cardiacunderlying heart disea$¢:12!

O Adis International Limited. All rights reserved. Drugs 1998 Mar; 55 (3)
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2.2 Supraventricular Arrhythmias 0.05]/19! Another recent study also demonstrated
about 10% sudden death in patients treated with
.In acute haemodynamically stable atrial fibril- quinidinel2! These findings make it somewhat
lation (AF), pharmacological therapy by means of ,astionable whether there is still a role for quini-
a class IC AAD results in conversion to SINUS jine in the prophylaxis of a relapse of AF,

i 0 i 15]
rhythm in about 60 to 90% of the patiefifs! The poor safety of class | drugs in the presence

During infusion of a class IC AAD (propafenone
or flecainide), close monitoring of the QRS dura-Of HF was also demonstrated by a subgroup anal-

tion should be secured because these drugs indut¥§is of the Stroke Prevention in Atrial Fibrillation

broadening of the QRS complex due to a decreast’ @l (SPAF). Mortality was S-fold higher in pa-

in the conduction velocity. If the QRS duration tients treated with an AAD and suffering from HF,
rises by more than 50% of the baseline value, adcompared with those not in this conditié#l. How-
ministration should be terminated because pro€ver, patients without a history of HF had no in-
arrhythmias in the form of a sustained ventricularcreased risk of cardiac mortality while being
tachycardia may result. Conditions in which classtreated with an AAD.
IC AADs should not be administered for this indi-  Additional information on the efficacy and
cation include HF, acute ischaemia (chest pain)safety of AADs in the prevention of recurrent AF
known sick sinus syndrome or in cases where th@ame from a meta-analysis of 11 placebo-controlled
bagelme QRS duratlon exceeds 120 msec. In the%‘?udies by Nattel and Talajid) In addition to a
patients, proarrhythmic effects or conduction dis-;ner mortality in quinidine-treated patients, they
turbances may O.CCUL . _found 2.5% mortality in patients treated with dis-
For prophylaxis of both paroxysmal and chronlcOpyramide (another class IA drug) and 1.6% mor-

AF, class IC AADs are moderately effecti&17] tality in flecainide-treated batient d with
Although class IC AADs are well known for their ality’n e_Ca'n_' e-lreated patients, comparg Wi
no mortality in the placebo arm. Mortality on

proarrhythmic adverse events, in patients withou o ) o
underlying heart disease, and with the precaution§0talol was 2.0% compared with 0.2% on placebo.

kept in mind stated above, the chance of proNO increased mortality was observed in patients
arrhythmia is low0-12] Additionally, in the case of treated with amiodarone.
a relapse on a class IC drug, AF may regularise to Apart from the harmful effects of class I drugs
a slow atrial flutter. During exercise this slow atrial in general, a second conclusion may be drawn from
flutter may lead to high ventricular rates, due tothese studies: that patients suffering from HF carry
1: 1 atrioventricular conduction inducing MRl 3 greater risk for AAD-related mortality. This opin-
Therefore, it seems advisable to (flsadrenocep- jon is also supported by Middelkauff etl#. and
tor blockers, calcium channel blockers or digitalis steyenson et #3 who demonstrated that during
concomitantly with class IC drugs to prevent rapidi,q past few years, when fewer patients received a
ver_1tricu|ar rates at the moment of a relapse of th(?:Iass | AAD, mortality was lower for those with AF
atrial gr.rdh.ythmla.l has b di dand HF. Thus, in patients with AF and HF, treat-
Quinidine, 2 class 1A AAD, has been studie ment of the underlying disease is of greater impor-

frequently for the prevention of AF. In a meta—t th i f th hvthmia. Wh
analysis of 6 controlled trials it was shown that by ance than pre\{en lon ot the arrhythmia. .ereas
proarrhythmia induced by class IC drugs is, as

using quinidine compared with no treatment, 50 _ ) _
versus 25% of the patients, respectively, remainedéntioned above, almost exclusively observed in

in sinus rhythm during the course of 1 year. How-Patients with structural heart disease, torsade de
ever, the total mortality was significantly higher in pointes induced by class IA and also class Ill drugs
the quinidine group [12 of 413 patients (2.9%) ver-may occur in patients without structural heart dis-

sus 3 of 387 patients (0.8%), respectively, p <easdi0-12]

O Adis International Limited. All rights reserved. Drugs 1998 Mar; 55 (3)
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3. Class Il Antiarrhythmic Drugs In another study, survivors of sustained ventric-
ular tachycardia or ventricular fibrillation were
randomised to metoprolol, without invasive evalu-

3.1 Ventricular Arrhythmias ation of drug efficacy (54 patients), or to serial
AAD testing guided by invasive testing (61 pa-

B-Blocker therapy has been demonstrated to retients)[32! Serial testing was performed with a class

duce sudden cardiac death, presumably due to af-(always combined with metoprolol) or class IlI
rhythmias, after MI242] In the B-Blocker Heart  AAD as the first step. The drugs were instituted in
Attack (BHAT) study, patients with HF treated a random order, but amiodarone was tested last.
with propranolol experienced a similar decrease inburing a mean follow-up of 23 months, the ar-
total mortality (most likely through prevention of rhythmia recurrence rate was 48% in the patients
sudden death), compared with those without¥iF.  treated with metoprolol versus 46% in those under-
Other classical trials of-blockers in HF are the going serial drug testing. This result suggests that
Metoprolol in Dilated Cardiomyopathy (MDC) electrophysiologically guided AAD therapy was
trial?”l and the Cardiac Insufficiency Bisoprolol not superior to metoprolol therapy.

Study (CIBIS)?® These have illustrated improve-  The data of the abovementioned studies, to-
ment in clinical parameters of morbidity and, al- gether with a recently published overview of ran-
though statistical significance or trends were bor-domised controlled trials -blocker therapy in
derline, in mortality, ifB;-selective agents were HE[33] indicate tha3-blockers may be used with
added on top of current theraly2°! beneficial effects in patients with HF and/or life-

Recently, newly develope@tblockers witha;-  threatening ventricular arrhythmias.
blocking, antioxidant and possibly other unidenti-

fied properties have been proven to lower morbid- 3.2 Supraventricular Arrhythmias

ity and even mortality in patients with Hi® These _ _

data indicate thaB-blockers improve survival, B-Blocker theraPy IS frequgntly prescrlbed for
both in post-MI patients and in those with moderatecontrol of tr_\e ventricular rate in patients suffering
to severe HF. Those patients with nonischaemic Hlfrom chronic AF‘_TO date, no long term data are
seem to benefit more than those with HF on thetvailable comparing the efficacy of calcium chan-
basis of coronary artery disease. Sifealockers n€l blockers, digitalis dB-blocker therapy on pre-
have negative inotropic properties, they may ag_\/ent|o_n of HF an(_i |mproyement <_)f exercise toler-
gravate HF if administered in too high an (initial) ance in these patients with chronic AF.

dosage or in unstable HF. Therefore, there is often
some reluctance to prescribe these drugs.

In 211 patients with coronary artery disease or
cardiomyopathy resulting in HF and complicated
by sustained monomorphic ventricular tachycar- 4.1.1 Ventricular Arrhythmias
dias,B-blockers have been evaluated among other Sotalol is a drug with both class B-plocking)
drugs3! First, a class | AAD was administered; in and class Il (repolarisation lengthening) antiar-
the case of a recurrence of the arrhythmia, amiorhythmic activity. Studies investigating its efficacy
darone and/or@-blocker was given. If this therapy in preventing ventricular tachycardias or ventricu-
was ineffective, rhythm surgery was attempted. Inlar fibrillation in patients who had suffered from
patients with a left ventricular ejection fraction sustained ventricular tachycardias or aborted sud-
(LVEF) of <30%, among those who receiveff-a den cardiac death, showed that sotalol was rela-
blocker alone or in combination with a class I tively effective. It prevented induction of ventric-
AAD, survival was significantly higher than in ular arrhythmias in 30 to 60% of the patielffs5!
those not on g-blocker. Although long term follow-up studies are scarce, a

4. Class Il Antiarrhythmic Drugs

4.1 Sotalol

O Adis International Limited. All rights reserved. Drugs 1998 Mar; 55 (3)
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recent study demonstrated that sotalol 240 to 640ly, this may relate to the occurrence of proarrhyth-
mg/day prevented arrhythmia recurrences in 89nic events.
and 77% of patients after 1 and 3 years of follow-

up, respectivelff=! . . For acute conversion of AF, sotalol must be con-
Sotalol_ was_also effecyve and _relat|vely well sidered ineffectivél534 This has only become ap-
tolerated in patients suffering from life-threatening parent after the drug has been used as the ‘active’
arrhythmias in the Electrophysiology StUdyverSUScomparator in trials studying new class I
Electrocardiographic Monitoring (ESVEM) study. agentd!®! On the other hand, sotalol is effective
That study included 486 patients with a history offgr the prevention of AB840 This discrepancy
sustained ventricular tachycardia who had spontamay relate to its property of prolonging the refrac-
neous or inducible arrhythmias in the electrophystory period predominantly at lower atrial rates, but
iological laboratory3®l It showed first, that drug not during rapid AF, due to its so-called reverse
administration guided by programmed electricaluse-dependence. In contrast, class Il AADs, in-
stimulation, i.e. serial testing in random order with cluding ibutilide, are more effective than class IC
mexiletine, pirmenol, imipramine, procainamide, drugs for the conversion of atrial fluttét.42
propafenone, quinidine and sotalol, proved to bgHowever, the efficacy rate of both sotalol and
equally as effective as therapy guided by Holteributilide still seems to be rather Id%¥!
monitoring. Secondly, in this nonrandomised
study, sotalol was more effective than the other 6 4.2 Pure Class Il Drugs
drugs for the prevention of recurrent arrhythmias
and mortality.

4.1.2 Supraventricular Arrhythmias

In the search for more effective and safe AADs,

. pure class Il agents have been developed. These
. AlthOUQh the r_eported ?ﬁ'cacy rate_s of SOt"’}IOIdrugs prolong atrial and ventricular action poten-
in patients suffering from life-threatening ventric- tial duration by extension of the refractory period,
ular arrhythmias were generally higher than thosgy;ii oyt affecting the conduction velocity. Several
with class | AAD, most of the studies were uncon-pre class Ill AADs have been tested in clinical
trolled, precluding firm conclusiori!3°l Also,  practice. Although each prolongs refractoriness,
sotalol may aggravate pre-existing arrhythmias okhey may act by blocking different potassium chan-
provoke new arrhythmias. It may induce torsade deyels. Most of these drugs, however, seem to act via
pointes (by prolonging the action potential dura-plockade of the rapid delayed rectifigr.1#4:45!
tion), especially in the presence of predisposing

factors, such as hypokalaemia, bradycardia or con- ‘é’zs'l\t/ertrﬁ“'am"hyt;mss ated inthe S
comitant use of drugs that prolong the repolarisa- . otalothas recently been evajuated In the sur-

: ! 6] Thi
tion (e.g. antibiotics such as ampicillin, etc., anti-VIVaI With Orald-sotalol (SWORD) stud! This

malarial drugs and antidepressant drugs). Thesgis thatd-sotalol 200 to 400mg daily, compared

proarrhythm|c_ events have t_)een reported in up t(avith placebo, would reduce mortality in survivors
8% of the patients treated with sotdfdl.Most of  J¢ -0 M1 with an LVEE of <409%2647] |t was

these proarrhythmic events occurred within a feWpIanned to enrol 6400 patients, but the study was
days of the initiation of therapy, which implies that stopped by the safety committee after the inclusion
therapy with sotalol, and also class IA drugs,of half that number because of an excessive mor-
should preferably be initiated in hospital. In sharptajity in thed-sotalol group. Among 1549 patients
contrast to most of thB-blocker studies (section assigned tal-sotalol, there were 78 deaths (5%)
3.1) was the finding that sotalol 320mg once dailycompared with 48 (3.1%) of the 1572 patients who
was just as effective as placebo in patients who hadere treated with placebo (relative risk 1.65, p =
survived an acute myocardial infarcti8A.Possi-  0.006)[471 There were more deaths in patients with

randomised trial was designed to test the hypothe-

O Adis International Limited. All rights reserved. Drugs 1998 Mar; 55 (3)
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an LVEF of 31 to 40% than in those with an LVEF common in the ibutilide-treated patients (7.3 ver-
of <30%. These findings indicate that not only sus 3.7%). Thus, for an attempt to convert atrial
class IC drugs, but also pure class Ill AADs, mayflutter to sinus rhythm, ibutilide may be prefera-
have deleterious effects in patients who have sufble to sotalol. However, definite data have to
fered a MI. The increased mortality during treat-be awaited, especially on its proarrhythmic ef-
ment with class 1l drugs predominantly relates tofects[41:42.52]

the induction of torsade de pointé8 L engthening Since the SWORD trial data were published,
of the action potential duration by a class Il agentfurther research with-sotalol has been cancelled.
sets the stage for this potentially lethal proarrhyth-The same holds true for the pure class Ill AAD
mia. Combination with diuretics, which decreasealmokalant, whose use was also associated with a
intracellular potassium and magnesium levels, mayigh rate of torsade de pointes. Dofetilide, sematil-
trigger torsade de pointes, predominantly if theide and other class Ill AADs are still under inves-
heart rate is low, due to the reverse use-dependent¢igation, but these may also induce torsade de
of class Il drugs. pointes.

4.2.2 Supraventricular Arrhythmias 4.3 Amiodarone

Ibutilide has recently been approved by the US
FDA for monitored intravenous administration.  4.3.1 Ventricular Arrhythmias
The disadvantage of all new pure class Ill AADs is  In patients with HF, often as a result of several
that the frequency of proarrhythmia, i.e. torsade deMls, ventricular arrhythmias are an important
pointes, does not seem to be lower than duringause of death. Amiodarone, a class Ill AAD with
sotalol therapy. Of 180 patients who receivedadditional class I, Il and IV properti€s;>°] has
ibutilide 1.0mg, followed by another bolus of 0.5 been evaluated in these patients as well as in pa-
or 1.0mg after 10 minutes, 15 (8.3%) developedients with nonischaemic cardiomyopathy. These
torsade de pointes during or immediately after itstrials are summarised in table IV. Some of the larger
infusion. 11 of these 15 patients did so during ortrials are discussed briefly.
after the first bolus of 1.0mig!! Given the high rate The European Myocardial Infarct Amiodarone
of adverse events, it was logical to restrict the usérial (EMIAT) was a large scale trial in which 1486
of ibutilide to in-hospital situations. post-MI patients with an LVEF of <40% were

The exact mode of action of ibutilide is still a randomised to low dose amiodarone or pladeBo.
matter of discussion. Suggested mechanisms aréhe occurrence of ventricular arrhythmias was not
activation of the slow sodium inward currédff, an inclusion criterion. After 2 years of follow-up
blockade of {5951 additional effects, or a com- neither total nor cardiac mortality was significantly
binatior®! of these. Ibutilide can be used in one ordifferent between both groups. However, there was
two 10-minute infusions of 1.0mg, each separatea trend for a reduction of arrhythmic death and the
by 10 minutes for termination of AF or flutter. In combined end-point of arrhythmic death and resus-
this dosage, however, it is less effective than classitated cardiac arrest in patients treated with amio-
IC drugs for the conversion of AF, but it is more darone. In a retrospective analysis, it was found
effective than class IC drugs for the conversion ofthat those who received amiodarone anf-a
atrial flutter!*1] It has been suggested that ibutilide blocker were significantly less likely to die.
may convert AF of a longer duration, but firm proof = The Canadian Amiodarone Infarction Arrhyth-
has yet to be given. Preliminary data of a comparmia Trial (CAMIAT) included post-MI patients
ison between ibutilide andll-sotalol indicate that with frequent or repetitive ventricular premature
ibutilide is more effective thad,l-sotalol for the beats during 24-hour Holter monitoriff§! Pa-
conversion of atrial fluttef2 However, pro- tients were treated with low dose amiodarone (n =
arrhythmic events (torsade de pointes) were moré06) or placebo (n = 596) and followed for 24
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months. The risk of arrhythmic death or resusci-cepted, whereas it was still experimental at the start
tated ventricular fibrillation was significantly of the study®s! After a follow-up of 2 to 6 years,
smaller (risk reduction 48.5%) with amiodarone mortality due to cardiac death, resuscitated ven-
(3.3%) compared with placebo (6%). As in EMIAT, tricular fibrillation or syncopal defibrillator shock
all-cause mortality was not significantly reducedwas significantly lower in those treated with
by amiodarone. It must be mentioned that the largamiodaroné®4l
est reduction in absolute risk was observed in No straightforward conclusions can be drawn
patients with more severe HF. As was observedrom these studies, since patients differed in char-
above, amiodarone-treated patients appeared to daeeteristics like underlying disease, NYHA classifi-
rive additional benefit from adjunctifg&blocker  cation of HF, incidence and severity of ventricular
therapy. Proarrhythmia due to amiodarone wasarrhythmias and, finally, dosage of amiodarone.
rarely observed. However, some lessons may be learned: (a) in con-
In the Gruppo de Esdo de la Sobrevida en larast to class | and pure class Il drugs, amiodarone
Insuficiencia Cardiaca en Argentina (GESI€A) may reduce arrhythmic events in patients with HF
and Survival Trial of Antiarrhythmic Therapy in post-MI; (b) as overall mortality was unaffected,
Congestive Heart Failure (CHF-STA®) study, prophylactic use of amiodarone in patients suffer-
the safety and efficacy of amiodarone were aning from nonsustained ventricular arrhythmias
alysed in patients with moderate to severe HF, dueannot be supported; (c) amiodarone seems to be
to ischaemic or nonischaemic cardiomyopathy.effective predominantly in patients with non-
Coronary artery disease was the underlying diseaseschaemic and more severe HF; (d) amiodarone
in 40 and 70% of the GESICA and CHF-STAT pa-treatment fares well with adjunctiv@blocker
tients, respectively. New York Heart Association therapy; and finally, (e) in cases of symptomatic,
(NYHA) class of HF was Ill or IV in 80 and 40% or sustained, ventricular arrhythmias, in the setting
of the GESICA and CHF-STAT participants, re- of HF, amiodarone is the drug of choice. Although
spectively. GESICA showed a significant reduc-proarrhythmia seldomly occurs during long term
tion in total mortality in those who were treated for amiodarone treatmef€! noncardiac adverse ef-
1 year with amiodarone (33.5%) compared withfects do, even if low dose amiodarone therapy has
placebo (41%). Unaffected was the occurrence obeen institutedf?-68l
sudden death and the rate of progression of CHF. In a meta-analysis of 4 randomised, placebo-
In contrast, in CHF-STAT only a trend to lower controlled studies including 738 patients who re-
mortality was found in patients with nonischaemic ceived amiodarone and 727 patients given placebo,
cardiomyopathy who were treated with amioda-the mean amiodarone dose ranged from 152 to
rone. 330mg daily¢”1 Amiodarone was given for at least
Patients who had survived an out-of-hospitalone year. No higher incidence in hepatic and gas-
episode of sustained ventricular tachycardia otrointestinal adverse effects was observed in the
ventricular fibrillation, unassociated with an MI, amiodarone group. However, thyroid, neurologi-
were randomised to amiodarone or conventionatal, ocular and bradycardic adverse effects oc-
(class I) AAD therapy in a study with the acronym curred more frequently in the amiodarone group.
CASCADE!®9! Since 1988, some of the patients Patients on amiodarone discontinued the drug 1.5
had received a ventricular defibrillator, equally di- times more frequently than patients treated with
vided in both limbs. These were patients primarilyplacebd$”] Data on adverse effects reported in
enrolled during the last half of the study becauseCAMIAT and EMIAT confirm the abovemen-
of a relatively high observed mortality rate. tioned impressioff8! Nonetheless, the annual rate
Clearly, implantable cardioverter-defibrillator of difficult-to-treat or irreversible serious adverse
(ICD) treatment was at that time generally ac-effects was low.
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Table IV. Summary of amiodarone (A) studies

Study Randomisation LVEF Post-MI Degree of VA at Follow-up Reduction with A
(%) (%)? inclusion (y)
VA SCD CHF death total death
BASISI56] A 200 mg/day (n = 98) 43+16 100 Asymptomatic 1 A vs control, NS NA A vs control,
Control (n = 114) complex VA p =0.024 p =0.048
Individualised (n = 100) (no VT/VF)
Polishl®7] A 400 mg/day (n = 305) 60% of pts. 100 ND 1 A vs placebo, Avsplacebo, NA NS
Placebo (n = 302) >40 p =0.048 p=0.048
SSspiel A 200 mg/day (n = 115) 20-45 100 >3 VPC/h 2.8 A vs groups NS NS A vs group 2,
Metoprolol (n = 130) 2and 3, p=0.02
Antiarrhythmics (n = 123) p =0.001
EMIATI59 A 200 mg/day (n = 743) <40 100 40% >10VPC/h 1.7 NA Avsplacebo, NS NS
Placebo (n = 743) p =0.05
CAMIATIE0] A 200 mg/day (n = 606) NA 100 VPC = 10/h or 1.8 NA Avsplacebo, NA NS
Placebo (n = 596) >1 run VT p=0.016
EPAMSAI® A 400 mg/day (n = 66) <35 40 CAD  Asymptomatic 1 NA Avsnodrug, NA A vs no drug,
No treatment (n = 61) Lown II-IV p=0.04 p=0.02
GESICAI®2 A 300 mg/day (n = 260) <35 40 CAD  70% >10 VPC/h 2 NA Avsstandard, A vsstandard, A vsstandard,
Standard (n = 256) p=0.16 p=0.16 p =0.024
CHF-STATI®3 A 300 mg/day (n = 336) <40 70CAD =10 VPC/h 3.8 A vs placebo, NS NS NS
Placebo (n = 338) p <0.001
CASCADE® A 100-400 mg/day (n = 113) 35+14 80 VTIVF 2-6 A vs group 2, A vs group 2, NA NA
Conventional (n = 115) p <0.05 p<0.01

a Percentage of patients who had suffered a previous myocardial infarction.

Abbreviations: CAD = coronary artery disease; CHF = congestive heart failure; LVEF = left ventricular ejection fraction; Ml = myocardial infarction; NA = not available; ND = not
defined; NS = not statistically significant; SCD = sudden cardiac death; VA = ventricular arrhythmias; VF = ventricular fibrillation; VPC = ventricular premature complex; VT = sustained
ventricular tachycardia.
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As newer class Ill AADs have failed to fulfil effectively terminate and suppress certain forms of
hopes that they may share the efficacy of amioidiopathic ventricular tachycardi&S] These LV
darone without its toxiciti#”! there is still a place tachycardias predominantly start during adoles-
for (low dose) amiodarone. However, the risk ofcence. Patients usually present with haemodyna-
adverse effects, the perceived benefit and the avaitically stable episodes of sustained ventricular
able alternative treatments should be weighed upachycardia. Almost all cases of this so-called ver-
on an individual basis. When amiodarone is pre-apamil-responsive LV tachycardia have a morphol-
scribed, adverse liver, thyroid or pulmonary effectsogy on the electrocardiogram (ECG) of a right bun-
should be monitored by checking transaminaseslle branch block with a left-axis deviation (thus
and thyroid function, and regularly performing a originating from the inferoapical area of the LV).
chest x-ray. The loading dose depends on clinicaDn rare occasions the ECG shows a right bundle
parameters. In stable patients, loading may be pebranch morphology and right-axis deviation, indi-
formed by prescribing amiodarone 600 to 800mgcating an origin at the anterior-superior site of the
daily for 4 weeks. If patients suffer from frequent LV. Verapamil 5 to 10mg administered intrave-
episodes of ventricular tachycardia or ventricularnously results in progressive slowing of the ven-
fibrillation requiring defibrillator treatment, the tricular tachycardia, eventually leading to termina-
loading dose may be increased to 1200 to 1800mtjon of the arrhythmia. In addition, oral verapamil
daily for 1 to 2 weeks. Preferably, the maintenancas effective for preventing spontaneous episodes of
dosage amounts to 200mg daily. Target plasmahis arrhythmid?s]
concentrations of 1.0 mg/ml for both amiodarone
and its active metabolite desethyl-amiodafSrié 5.2 Supraventricular Arrhythmias
are recommendedt]

_ ) Intravenous or oral verapamil is effective for the

4.3.2 Supraventricular Arhythmias . termination of atrioventricular nodal re-entrant

Minimal prospective comparative data of amio- h dias and circus movement tachveardias as-
darone for the prevention of chronic AF are avail-taC lycardie y

sdomated with a (concealed) bypass tract. Although

able, but favourable outcomes have been reported_ .. L )

. L adiofrequency ablation is currently considered the

when amiodarone has been instituted as a last; . . .
b X . .~ “therapy of choice for these arrhythmias, verapamil

resort agenf?l The drug is particularly useful in

AF complicated by HF. Unfortunately, its use is also may prevent new episodes. Verapamil, and

limited by potentially severe noncardiac adverseaISO digitalis andp-blockers, however, should

effects, as mentioned above. Gosselink &€ki- never be prescribed prophylactically in the Wolf-

. . . . Parkinson-White syndrome, as at the moment of

cluded 89 patients with chronic AF who had failed y ' ) ;
) . . .~ AF these drugs may cause very high ventricular
previous treatment aimed at maintenance of sinug . .
. ) rates due to preferential conduction through the by-
rhythm. These patients were treated with a mean

. . ass tract (due to slowing of the atrioventricular
dose of amiodarone of 2G4 66mg. Actuarially, P ( g

) L conduction), which may eventually lead to ventric-
0,
53% of these patients were still in sinus rhythmular fibrillation. In addition, these class IV AADs
after a follow-up of 3 years.

slow the conduction rate of the AV node and in this
manner decrease the ventricular response itf4\F.
Experimental data suggest a new role for the
calcium channel blocker verapamil, i.e. reduction
of atrial electrophysiological remodelling. It is
The nondihydropyridine calcium antagonists known that AF has the tendency to become chronic
verapamil and, to a lesser extent, diltiazem, are apaver time. Also, cardioversion to sinus rhythm and
proved for the treatment of hypertension and anits subsequent maintenance becomes more diffi-
gina pectoris. Verapamil has been documented tault the longer the arrhythmia exist3. Progres-

5. Class IV Antiarrhythmic Drugs

5.1 Ventricular Arrhythmias
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sion of the underlying disease is one explanatioradvances have revolutionised ICD therapy. Com-
for the relation between duration and intractability plications decreased after the introduction of a non-
of AF. thoracotomy transvenous single lead system. The
Recently, Wijffels et al’6l described another size and weight of an ICD was significantly re-
possible explanation. They found that, in healthyduced. Moreover, in addition to its defibrillation
goats, repetitive induction of AF by a pacemakercapability, antitachycardia pacing and back-up
led to significant shortening of the atrial refractory pacing also became available. However, random-
period and a reversion of the physiological rate-ised controlled studies comparing ICD therapy
related shortening of the atrial refractory periodwith conventional drug treatment are still lack-
without major effects on the conduction velo- ing82 Only recently have data of 2 large ran-

city”® These electrophysiological alterations gomised studies become available, and these are
were called atrial electrophysiological remodell- giscussed briefly.

ing. The inducibility and duration of induced AF | the Multicenter Automatic Defibrillator Im-

increased in these goats, until AF eventually beyjantation Trial (MADIT), 196 highly selected pa-
came chronic. Whereas atrial electrophysiologicakjents at high risk for severe cardiac arrhythmias

remodelling was complete within 24 to 48 hours ofy ;; without a previous cardiac arrest were random-
repeated induction of AF, the arrhythmia becamegaq to an ICD (n = 95) or AADs (n = 95, 74%
chronic after 1 to 2 weeks. The mechanism rESponémiodarone)f?e*] These patients were post-MI com-

S"_O”'e fodr atr_lal eIe_ctrqphysloIc_)gmal rI?TOde";n,g 'S plicated by nonsustained ventricular tachycardias
still under investigation but intracellular calcium 54 5 ejection fraction &f35%. In all patients,

overIoa(_j in the a“"?" myocytes is likely to play a sustained ventricular tachycardia was induced dur-
role. This hypothesis is supported by the observa-

tion that verapamil administered during rapid atrialIng programmed electrophysiological stimulation
pacing in goat&1 or artificially induced AF in and not suppressed by procainamide, indicating a

dogd™® significantly reduced the electrophysio- poorer arrhythmia progposis. After a mean follow-
logical remodelling of the atrium, although AF pro- up of 2.7 months,_th(_a trial was Stone(_j because of
) excessive mortality in the AAD group: 39 deaths
motion was not preventéd! Clearly, whether ver- 7 from cardiac causes) in the AAD aro orsus
apamil (instituted precardioversion) may indeed(5 11 : di uses) | in th IC?D up v u_
increase the conversion rates of AF, and improveé 05)9 fm, Cc?r lac CT)LIJSGE’) In Z h group (p=
maintenance rates of sinus rhythm in patients suf=" ). Amiodaronef-blockers and other antiar-

fering from AF, remains to be investigated rhythmic therapy did not influence this outcome.
' ' The Antiarrhythmic Versus Implantable De-

fibrillator (AVID) study compared amiodarone
therapy against ICD therapy in patients who had
survived a cardiac arrest due to ventricular tachy-
cardia or fibrillationl84! Patients were randomised
to amiodarone or sotalol, or ICD therapy. The in-
vestigators aimed to include 1200 patients. How-
The concept of the implantable ventricular defib-ever, in April 1997 the study was interrupted be-
rillator was developed by Mirowski et al. in 1966 cause of a higher mortality in the AAD group. The
and introduced into clinical practice in 198%. patients who were treated with an ICD experienced
Since then, several studies have substantiated i& 25% lower mortality rate compared with AAD
efficacy for the termination of life-threatening ar- group during a follow-up lasting 2 to 3 years.
rhythmias8-81 Transthoracic implantation of epi-  The Cardiac Arrest Study Hamburg (CASH) is
cardial patches, however, was associated with moran ongoing randomised study of treatment of sur-
bidity and mortality. Fortunately, technological vivors of sudden cardiac death due to ventricular

6. Current Perspectives:
Drugs or Devices for the
Treatment of Arrhythmias?

6.1 Ventricular Defibrillator
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Table V. Conclusions and guidelines

Drug class or nondrug treatment Comments

modality

Class IAand IC AADs Not to be prescribed in the presence of cardiac ischaemia, a previous Ml or impaired left
ventricular function for the prevention of supraventricular arrhythmias

Class Il - AADs Decrease mortality post-MI and in patients with HF

Class Ill — amiodarone First-choice therapy for prevention of ventricular arrhythmias in HF patients

Class Il — pure class IlI High rate of torsade de pointes; only ibutilide approved for intravenous administration for AF/atrial

flutter termination

Class IV — AADs Termination/prevention of supraventricular arrhythmias (AV nodal tachycardia, circus movement
tachycardia®); verapamil for conversion or prevention of idiopathic left ventricular tachycardia
(right bundle branch configuration and left-axis deviation)

Radiofrequency ablation First-choice therapy in patients suffering from
recurrent episodes of AV nodal re-entrant tachycardia
recurrent episodes of circus movement tachycardia due to a (concealed) bypass tract

Wolff-Parkinson-White syndrome with a bypass tract with a refractory period of <270 msec
(malign tract)

Ventricular ICD Prevent arrhythmic mortality in patients with life-threatening ventricular arrhythmias
Atrial ICD Group of patients who may benefit from such device remains to be established
a Prevention only in patients with circus movement tachycardia using concealed bypass tract.

Abbreviations: AAD = antiarrhythmic drugs; AF = atrial fibrillation; AV = atrioventricular; HF = heart failure; ICD = implantable cardioverter-
defibrillator; MI = myocardial infarction.

tachycardia or fibrillation unrelated to an B  rhythmias on 24-hour Holter monitoring and ven-
Patients are enrolled within 3 months of cardiactricular arrhythmias inducible during an electro-
arrest and are randomly assigned to receive treaphysiological study, and not suppressed after intra-
ment with propafenone, amiodarone, metoprololvenous administration of procainamide), may also
or an ICD. The propafenone branch of the studybe candidates for ICD implantation in the future is
has recently been stopped because of excessiwtill unanswered and warrants further investiga-
mortality. The other arms of the study are ongoingfions.
and the results are eagerly awaited.

Although the final results are not yet published g > atrial Defibrillator
and CASH and the Canadian Implantable Defibril-

lator Study (CIDS) are still ongoing, ICD therapy  An atrial defibrillator is a new device which
seems to be the first choice in patients who argossesses the possibility, like the ventricular defi-
resuscitated for ventricular tachyarrhythmias. An-prillator for ventricular fibrillation, of restoring si-
other advantage of such a strategy may be a redugus rhythm in patients suffering from AF. Shocks
tion in the length of hospitalisation. Importantly, delivered between 2 atrial leads (one positioned in
one study indicated that ICD devices will be assoright atrial appendage and one in the coronary si-
ciated with an increasing reduction in healthcarenus) effectively convert AF to sinus rhytH#dl
costs, at least in selected patigftsObviously,  Supposedly, shortening the attacks of AF by such
we should never fail to exclude reversible causea device may exert an antiarrhythmic effect by lim-
for the cardiac arrest, e.g. ischaemia, and alwayging electrophysiological, structural and neuro-
treat the underlying disease optimally. Whether pahumoral remodelling. Patients with recurrent, but
tients at high risk for sudden cardiac death buthot too frequent, paroxysmal AF and those with
without a previous episode of ventricular fibrilla- recurrent chronic AF are thought to be candidates
tion or tachycardia, like the highly selected if conventional therapy fails. However, early re-
MADIT population (nonsustained ventricular ar- lapses of AF occur fairly frequently and may limit
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the efficacy of this devic&®! In addition, the de- patients benefit clinically because relapses of an
gree of discomfort related to the shock is still quitearrhythmic episode are more easily accessible to
high. Current studies must confirm the safety, featherapy. Perhaps some of these patients may be
sibility and efficacy of this device and look for candidates for an atrial defibrillator, but this is cur-
strategies to lower the early recurrences. Improverently under investigation.

ment of leads and (at-home administration of) light  Finally, ventricular ICD therapy seems to be a
sedation in a form that is easy to administer mayreakthrough in the treatment of life-threatening
improve patients’ acceptance and tolerance of tharrhythmias since, in the now available evalua-
shock. If these problems are resolved, the atrial detions, survival was improved. It is likely that in
fibrillator may become a more widely applicable forthcoming years an increasing number of pa-

therapeutic strategy. tients will be candidates for these devices. Some
restriction of this enthusiasm must be exercised be-
7. Conclusions cause the results of various ongoing studies must

be awaited in order to confirm the earlier beneficial
Taking into account the data presented abovegesults.
several conclusions may be drawn (table V). First,
there is clear evidence that class Il AADS ( Acknowledgements
blockers) are effective in decreasing mortality
in post-MI patients. In addition, evidence is accu- Dr. Van Gelder is supported by the Dutch Heart Founda-
mulating that a subset of post-MI patients with 1o grant 94.014.
moderate to severe HF may benefit from classical
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