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REATIVE CONCEPTS

ew concepts for old drugs to maintain sinus rhythm
n patients with atrial fibrillation
aulus Kirchhof, MD,*† Günter Breithardt, MD*†

rom the *Department of Cardiology and Angiology, Hospital of the University of Münster, Münster, Germany, and
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Atrial fibrillation (AF) is a chronic, often progressive disease.
espite the ongoing concerted effort to improve AF therapy,
ften there is no remedy for curing AF and preventing the
eleterious effects of the arrhythmia on health. Antiarrhythmic
rug therapy is likely to remain the mainstay of therapy for
any patients in the foreseeable future. Available antiarrhyth-
ic drugs are moderately effective, which is important for
atients who respond, especially given the chronic and often
rogressive nature of the disease. This article describes emerg-
ng concepts under clinical evaluation that attempt to improve
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ecurrent AF. Two concepts are reviewed: (1) combination of an
ntiarrhythmic drug with a calcium channel blocker to reduce
roarrhythmic side effects, and (2) “intelligent” reduction of
he duration of antiarrhythmic drug therapy targeted to periods
f symptomatic or likely AF recurrence.

EYWORDS Atrial fibrillation; Drug therapy; Pathophysiological
oncept; Proarrhythmia; Drug safety; Rhythm control

Heart Rhythm 2007;4:790–793) © 2007 Heart Rhythm Society. All

ights reserved.
he safety of available antiarrhythmic drugs in the treatment of
Atrial fibrillation (AF) is the most common sustained
rrhythmia.1,2 It is a “silent killer” associated with relevant
ortality.3,4 Symptoms range from asymptomatic arrhyth-
ia attacks (likely the majority of episodes5,6) to acute

ardiac failure. Although no formal test has proved that
aintenance of sinus rhythm (“rhythm control therapy”)

lleviates the burden of this disease,7 it is generally assumed
nd supported by observational data and subanalyses of
andomized trials that symptomatic patients benefit from
hythm control therapy2,4,7,8 in terms of morbidity,9,10 qual-
ty of life,11 and left ventricular function.4,9,10

In controlled trials, chronic administration of antiarrhyth-
ic drugs (mainly potassium and sodium channel blockers)

pproximately doubled the rate of sinus rhythm during fol-
ow-up.5,11 This “classic” ion channel-blocking antiarrhyth-
ic therapy remains an important therapeutic modality in

hythm control treatment strategies,2 possibly in combina-
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linik und Poliklinik C, Kardiologie und Angiologie, Universitätsklinikum
ünster, D-48129 Münster, Germany. E-mail address: kirchhp@uni-
ion with “upstream therapy” by inhibiting the renin–angio-
ensin and aldosterone system.12,13

However, the moderate effectiveness of antiarrhythmic
rugs comes at the price of rare but potentially dangerous
ide effects, specifically the feared and unpredictable ven-
ricular proarrhythmia.14–16 In addition to the development
f new, safer antiarrhythmic agents and interventional pro-
edures, an intelligent use of existing drugs may help to
aintain sinus rhythm while reducing side effects. Here we

escribe concepts currently under clinical evaluation that
im to reduce proarrhythmia, namely, the combination of
ntiarrhythmic drugs with “anti-torsades” substances, and
iered antiarrhythmic drug treatment for a limited time di-
ected at reducing the duration of therapy.

f cocktails: A remedy for proarrhythmia by
ombining quinidine and verapamil?
uinidine is one of the oldest antiarrhythmic drugs. The
riginal substance, isolated from the Cinchona calisaya
lant, was used as a preventive medicine against malaria,
ut its antiarrhythmic action was reported more than 200
ears ago. Quinidine has two major effects, namely, inter-
erence with cardiac sodium and potassium currents, and
agolysis. The vagolytic effects are believed to cause the
astrointestinal side effects of quinidine.17–19 The sodium
hannel-blocking effect of the drug is believed to mediate
he antiarrhythmic effect of quinidine.15–18,20

Unlike other antiarrhythmic agents such as propafenone21

nd d,l-sotalol,19 quinidine can increase ventricular rate

hen AF recurs. Given the long-standing experience with

. doi:10.1016/j.hrthm.2007.01.023
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uinidine, quinidine was a reference drug for prevention of
trial fibrillation. In 1990, a landmark meta-analysis of eight
andomized trials (808 patients) confirmed that quinidine
as effective in preventing recurrent AF, but the study

dentified a higher mortality [2.9% vs 0.8% per year, odds
atio 2.98 (1.1–8.3), P �.01] in patients treated with quin-
dine compared with controls.16 The higher mortality in the
uinidine group was attributed to ventricular proarrhythmia
torsades de pointes). These observations were confirmed in
more recent meta-analysis and prompted stoppage of quin-

dine use in the treatment of AF, although proarrhythmic
ide effects also were found when potassium channel block-
rs (d,l-sotalol) were used to prevent recurrent AF.15,22

Verapamil is a blocker of cardiac L-type calcium chan-
els whose antiarrhythmic effects have been known for 40
ears.23 Verapamil slows AV nodal conduction,24 causes
onstipation, and may prevent excessive calcium influx into
he ventricular cardiomyocyte suspected of causing early
fterdepolarizations and triggering torsades de pointes.25,26

his combination of effects is almost a mirror remedy of the
roblems identified with quinidine. Based on knowledge of
he potential complementary effects of quinidine and vera-
amil and data from the spontaneous reporting system of
dverse drug events, two major trials were initiated in Ger-
any after the “Arzneimittelkommission der deutschen Är-

teschaft” issued a warning on the use of quinidine in 1996.
hese trials compared a fixed combination of quinidine and
erapamil (160 mg quinidine and 80 mg verapamil per
ablet, given two [SOPAT (Suppression of Paroxysmal
trial Tachyarrhythmias trial)] to three times daily [PAFAC

Prevention of Atrial Fibrillation After Cardioversion trial),
OPAT]) with d,l-sotalol (160 mg per tablet given twice
aily) and placebo for prevention of AF after cardioversion
PAFAC) and for suppression of atrial tachyarrhythmias in
atients with paroxysmal AF (SOPAT).5,27 All patients un-
erwent daily transtelephonic ECG monitoring to assess
he primary endpoint of recurrent AF. The trials confirmed
he effectiveness of the quinidine–verapamil combination. The
roarrhythmia findings were surprising. In PAFAC, 9
2.3%) of 383 patients in the d,l-sotalol group experienced
he expected rate of torsades de pointes (often nonsus-
ained). In contrast, no patient in the quinidine–verapamil
roup in PAFAC experienced proarrhythmia.5 Similar to
AFAC, no excess death or proarrhythmia occurred in the

wo quinidine–verapamil groups in SOPAT (518 patients
otal).27 One death and one episode of ventricular tachycar-
ia were observed in the quinidine–verapamil arm in
OPAT, comparable to a case report.28

Based on these data, the current guidelines for treatment
f AF of the American College of Cardiology, the American
eart Association, and the European Society of Cardiology

n association with the European Heart Rhythm Association
nd the Heart Rhythm Society suggest that “the combina-
ion of quinidine plus verapamil appeared useful to prevent
ecurrent AF after cardioversion of persistent AF,” whereas

uinidine monotherapy is not recommended.2 Such an “an- i
iarrhythmic cocktail” may be a valuable addition to the
ange of available antiarrhythmic agents in selected pa-
ients, although larger trials and a valid adverse event re-
orting system are needed to address the true proarrhythmic
isk of the quinidine–verapamil combination. In this con-
ext, it is noteworthy that amiodarone, an effective antiar-
hythmic drug to prevent recurrent AF,11,29 has weak cal-
ium channel-blocking properties.30 This might partly
xplain why amiodarone rarely provokes proarrhythmia.11,31

f “unhappy hours”: Reducing the duration
f antiarrhythmic drug therapy to periods
hen it is most needed
lthough the majority of proarrhythmic side effects occur in

he first days or weeks after initiation of treatment,5,14,27

roarrhythmia is a constant threat during antiarrhythmic
rug therapy. Female gender, left ventricular hypertrophy, a
rolonged basal QT interval, and abnormal prolongation of
he QT interval after exposure to the potentially proarrhyth-
ic drug can identify patients at risk,14 but triggers such as

radycardia or hypokalemia can aggravate an inherent pre-
isposition to such proarrhythmia at any time.14 Further-
ore, transient reductions in hepatic and renal function,

bnormalities of drug metabolism (e.g., abnormal function
f cytochromes), and abnormal pharmacokinetics (e.g. al-
ered expression or function of p-glycoprotein) may mark-
dly increase serum drug levels.32–34 Therefore, the risk for
roarrhythmia must constantly be balanced against the po-
ential benefit—theoretically prior to ingestion of every sin-
le tablet.

Reducing the duration of antiarrhythmic drug therapy
ill reduce the risk of proarrhythmic events. Currently,

ntiarrhythmic drug therapy to prevent AF is often used as
ong-term (theoretically lifelong) therapy. Two emerging
oncepts for therapy test whether the duration of antiar-
hythmic drug therapy can be reduced to periods when
harmacological cardioversion still is feasible (“pill in the
ocket”) or when recurrent AF is likely (“targeted reversal
f electrical remodeling”).

“Pill-in-the-Pocket” Treatment to Convert Recent-Onset
F. Antiarrhythmic drug therapy can be used to acutely

erminate recent-onset AF in the first hours of the arrhyth-
ia.35 This treatment concept requires that the patient rec-

gnizes and treats recurrent AF without medical assistance.
n one recent study,35 patients took a single dose of flecain-
de (300 mg) or propafenone (600 mg) as soon as AF
ecurred without ECG documentation of the arrhythmia.
uring the study period (210 patients, mean follow-up 15
onths), the treatment effectively terminated 94% of AF

pisodes, and the rate of hospitalizations for AF was mark-
dly reduced. No ventricular proarrhythmic events were
bserved.

Two reasons may explain the low incidence of proar-
hythmia found in the trial. (1) In the study, 14 (5%) of 268
atients were excluded because of side effects of the initial

n-hospital trial treatment with flecainide or propafenone,
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hereby limiting study inclusion to patients who tolerated
he first exposure without problems. (2) Antiarrhythmic
rug therapy duration was reduced by 99.4% compared with
tandard long-term therapy, from 450 day-doses per patient
follow-up 15 months) to 2.7 day-doses per patient (569
reated episodes in 210 patients). In patients who meet the
nclusion criteria for the study, “pill-in-the-pocket” treat-
ent may help to reduce proarrhythmia.
“Targeted Pharmacological Reversal of Electrical Re-

odeling”. It has long been known that AF is most likely to
ecur in the first weeks after cardioversion.2,5 The descrip-
ions of the processes that are summarized by the term
electrical remodeling”36,37 provide an explanation for this
bservation. AF shortens the atrial action potential and
efractory period. These “electrically remodeled” atria are
ore vulnerable to recurrent AF as long as the atrial action

otential and refractory period are short.36,37 The atria “re-
over” from electrical remodeling in 2–4 weeks after car-
ioversion to sinus rhythm (“reversal” of electrical remod-
ling).36,37 The main electrophysiologic effect of many
ntiarrhythmic drugs is prolongation of the atrial action
otential. Although this effect appears reasonable to pro-
ong the short action potential in the remodeled atrium,
hy therapy should be maintained once the atrial action
otential has regained its normal duration is less clear.
ence, action potential-prolonging therapy aimed at pre-
enting recurrent AF after cardioversion possibly could
e limited to a few weeks after cardioversion (“targeted
harmacological reversal of electrical remodeling”). One
mall pilot study (approximately 60 patients per group)
uggested that short-term, 8-week amiodarone treatment is
ot inferior to long-term antiarrhythmic treatment after car-
ioversion in the prevention of recurrent AF.38 The inves-
igator-initiated, publicly funded Flec-SL (“Flecainide
hort-Long”) trial currently is testing this hypothesis.39

The primary endpoint of the Flec-SL trial—recurrence of
ersistent AF—is measured by systematic ECG recordings,
omparable to the PAFAC and SAFE-T [Sotalol Amioda-
one Atrial Fibrillation Efficacy Trial (SAFE-T)] tri-
ls.5,11,39 After cardioversion, patients are randomized in
ne of three study groups. A small control group will stop
ecainide treatment after cardioversion to demonstrate the
ffectiveness of the study drug in preventing AF in the study
opulation (105 patients maximally). The two main study
roups (325 patients each) will receive flecainide treatment
ither for 4 weeks (“targeted reversal of electrical remod-
ling”) or for the entire trial duration (6 months, standard
ong-term treatment). The trial is powered for noninferiority
esting between the latter two groups. Short-term treatment
an reduce therapy duration by 66%–92% assuming a mean
ime from cardioversion to recurrence of 3–12 months.

In summary, the time course of reversal of electrical
emodeling may provide a rationale to reduce the duration
f antiarrhythmic drug therapy and thereby limit proarrhyth-

ic side effects while maintaining the efficacy of therapy.
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