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Pharmacological Options to Maintain Sinus Rhythm in
Atrial Fibrillation: Old and New Drugs, Future Directions

Introduction

Atrial fibrillation (AF) is the most prevalent clinically
important arrhythmia, and its incidence increases
with age. On an electrocardiogram (ECG), AF is char-
acterized by a chaotic undulating baseline without
evidence of regular, organized atrial activity. Atrial
fibrillation usually is triggered by ectopic beats that
come from pulmonary veins (PVs). The left upper
pulmonary vein is the most common source, followed
by the right upper pulmonary vein, the left inferior
vein, and the right inferior pulmonary vein. These
beats originate from muscular sleeves extending from
the left atrium to the PVs. Less commonly, atrial
tissue itself and the muscular sleeves of other cardiac
veins, including the coronary sinus vein, the vein
of Marshall, and the superior vena cava, may be the
source of tachyarrhythmias and AE Although ectopic
beats may be generated at regular intervals, they trans-
mit to the atrial tissue in an intermittent and irregular
fashion causing AE Another theory to explain the
pathophysiology of AF is reentry, with multiple wave-
lets occurring in both atria. Autonomic imbalance also
plays a role, at least in a portion of patients with AE
The terms vagally mediated and adrenergically medi-
ated AF refer to atrial fibrillation induced by increased
vagal (eg, after large meals) and adrenergic tone
(eg, hyperthyroidism, pheochromocytoma), respec-
tively. Atrial fibrillation is associated with anatomical
and electrical remodeling of the heart. Anatomical
changes due to AF include left atrial and left atrial
appendage enlargement, reduced atrial contractility,
and cardiomyocyte degeneration, which are associated
with increased propensity to clot formation within the
left atrium. Atrial fibrillation is also associated with
shortening of the atrial refractory period and loss of
normal adaptation of atrial refractoriness to heart rate.

The result is a better substrate for AF recurrence, and
this is why “AF begets AE”1-4

A number of conditions such as hypertensive heart
disease, coronary artery disease, valvular heart disease
(eg, mitral stenosis), heart failure, hypertrophic
cardiomyopathy, congenital heart diseases, obesity,
hyperthyroidism, alcohol intoxication, and surgery
are associated with increased incidence of AE Atrial
fibrillation is associated with significant mortality
and morbidity, mainly secondary to clot formation
in the heart with subsequent stroke and also induc-
ing or worsening of heart failure. While there are
several radiofrequency ablation techniques for treat-
ment of AE pharmacological approaches fall mainly
into two groups: rate control versus thythm control.
Recently more evidence has emerged that some drugs
[eg, angiotensin converting enzyme (ACE) inhibi-
tors] may reduce the incidence of AF by reversal of
anatomical and electrical remodeling of the heart.

Indications for Rhythm Control

Two important clinical trials, AFFIRM and RACE,
and other smaller studies showed no statistically
significant difference in mortality among patients
treated with rhythm control versus rate control strat-
egies. In the AFFIRM trial, patients in the rhythm
control arm had more adverse effects from the drugs
and more hospitalization with a trend toward higher
mortality. The results of these two trials did not show
any significant difference between the two strate-
gies and, therefore, the rate control strategy became
the preferred method in most patients due to lack
of side effects of antiarrhythmic drugs. If the rate
control strategy is chosen, it is important to control
the heart rate adequately to minimize tachycardia-
mediated cardiomyopathy. Adequate rate control
may be confirmed with 24-hour ambulatory ECG
monitoring if necessary. The rhythm control strategy
is indicated when adequate rate control cannot be
achieved secondary to the adverse effects of the rate
control medications, or when symptoms (palpitations,
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dyspnea, lightheadedness, angina, and syncope) are
not well controlled. In addition, cardioversion to
sinus thythm is used, especially in young patients, at
the onset of AF with low risk of recurrence. The goal
with antiarrhythmic medications is to achieve sinus
thythm; however, paroxysmal AF happens frequently
and the majority of the episodes may be asymptomatic.
Therefore, anticoagulation therapy should be contin-
ued in appropriate patients during the rhythm control
strategy. In fact, the most important factor in reducing
the incidence of stroke and mortality is appropriate
and adequate anticoagulation, and not rate versus
thythm control.>-8

Antiarrhythmic Drug Options

Class Ia, Ic, and III antiarrhythmic medications have
been evaluated for treatment of AE The efficacy of
the drug in reducing the duration and number of
symptomatic episodes of AF and the side-effect profile
are the most important factors in choosing the antiar-
rhythmic drug.

CLASS IA ANTIARRHYTHMIC DRUGS

This class includes procainamide, disopyramide, and
quinidine. They are Na channel blockers with some
vagolytic activity and prolongation of action potential
duration (APD). Several studies showed increases in
mortality with the use of this class of drugs to treat AF,
mainly because of sudden arrhythmic death second-
ary to the pro-arrhythmic effects of these drugs. In
the Stroke Prevention in Atrial Fibrillation (SPAF)
trial the main antiarrhythmic therapy was with quini-
dine; in patients receiving such antiarrhythmic drug
therapy, cardiac mortality was increased 2.5-fold (P =
.006) and arrhythmic death was increased 2.6-fold (P
= .02). Among patients with a history of congestive
heart failure, those given antiarrhythmic medications
had a relative risk of cardiac death of 4.7 (P < .001,
95% CI, 1.9-11.6) compared with that of patients not
so treated; the relative risk of arrhythmic death in the
treated group was 3.7 (P = .01, 95% CI, 1.3-10.4).
A similar result was obtained by meta-analysis of several
clinical trials. Procainamide has a common side effect
of lupus-like symptoms (ie, drug-induced lupus), and
quinidine has several side effects such as gastrointesti-
nal intolerance and a syndrome of headache, dizziness,
and tinnitus (cinchonism). Disopyramide has stronger
vagolytic activity than the other two drugs in this
group. It is associated with anticholinergic side effects
such as urinary retention, dry mouth, blurred vision,
constipation, and worsening of preexisting glaucoma.
In addition, disopyramide has a negative inotropic

effect which makes its use contraindicated in patients
with heart failure. Disopyramide and procainamide
have not been commonly used for treatment of AE In
those patients with no structural heart disease and at
low risk for developing ventricular arrhythmias, espe-
cially torsade de pointes, quinidine has had a role in
maintaining sinus thythm. One should keep in mind
that treatment of AF is individualized, based on the
patient’s presentation, symptoms, and risk factors. For
instance in a young patient with no structural heart
disease and with vagally mediated AF, disopyramide
may be considered for maintaining sinus rhythm if
the rhythm control strategy is chosen. Also, in the
presence of ventricular pre-excitation and AE the
drug of choice is procainamide. Disopyramide, amio-
darone, and ibutilide are other alternatives, while
AV nodal blocking drugs should be avoided before
increasing the refractoriness of the bypass tract with
the above drugs.%-12

CLASS IC ANTIARRHYTHMIC DRUGS

Flecainide and propafenone are two important anti-
arrhythmic drugs in this class. They are Na channel
blockers similar to class Ia but they generally do
not prolong the action potential and they do not
have antimuscarinic effects. Propafenone has some
structural similarities to propranolol and possesses
weak B-blocking activity. Their Na channel block-
ade effect has use-dependency, which means they
are more effective at higher heart rates. The efficacy
and safety of these two drugs are comparable. In a
clinical trial, although these two drugs showed equal
efficacy in suppressing AF and atrial flutter episodes,
there was a trend toward a higher rate of side effects
in the patients treated with propafenone. These
side effects were mainly gastrointestinal intolerance
but significant enough to discontinue the treatment.
Larger clinical trials with longer periods of follow
up are needed to evaluate the differences in efficacy
and safety between these two drugs. The indication
for these drugs became limited to patients with no
structural heart disease after the results of The Cardiac
Arrhythmia Suppression Trial were published. This
clinical trial showed a significantly higher mortality
rate in patients treated with flecainide or encainide
following myocardial infarction (MI). Flecainide and
encainide were used to suppress premature ventricular
contractions (PVCs), the rationale behind this study
being the observation that frequent PVCs are asso-
ciated with sudden cardiac death (SCD) following
MI; therefore, suppression of PVCs could potentially
reduce the risk of SCD. However, it became clear that
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mechanisms of ventricular tachycardia (VT), ventricu-
lar fibrillation (VF) and SCD are multifactorial and
more complex, and although these antiarrhythmic
drugs suppress PVCs, probably their proarrhythmic
effects increase the risk of VF and VT in hearts with
post-MI remodeling. While this study was not done in
patients with AFE the concept of avoiding these drugs
in patients with structural remodeling of the heart can
be applied to patients with AE13-16

CLASS III ANTIARRHYTHMIC DRUGS

This class of antiarrhythmic drugs prolongs the action
potential by prolonging repolarization. Amiodarone,
sotalol, and dofetilide are used for maintaining sinus
thythm in AE Ibutilide is used only for acute cardio-
version and is available only in intravenous form.
Several newer antiarrhythmic drugs in this class such
as dronedarone, azimilide and tedisamil are under
investigation.

Amiodarone

Amiodarone prolongs the action potential by inhibi-
tion of K outward current; IKr and IKs. In addition to
K channel blocking, amiodarone has some degree of
B-blocking and Na and Ca channel blockade effects.
This broad effect on ion channels accounts for its
relative safety and effectiveness in controlling both
atrial and ventricular arrhythmias. Several studies
have shown superior efficacy of amiodarone compared
to other antiarrhythmic drugs such as propafenone,
a class IC drug, and sotalol, another class III drug,
in treatment of AE For instance, in a double-blind,
placebo-controlled clinical trial performed on 668
patients showed that amiodarone was superior to
sotalol in treatment of AF, with the median time to
a recurrence of AF being 487 days in the amiodarone
group versus 74 days in the sotalol group, and six days
in the placebo group. However, in a subset of patients
with ischemic heart disease in this study the differ-
ence in time to a recurrence between the amiodarone
and sotalol groups was not statistically significant. In
patients with ischemic heart disease, the median time
to a recurrence of AF was 569 days with amiodarone
therapy and 428 days with sotalol therapy (P=.53).
A meta-analysis of 13 randomized controlled trials of
prophylactic amiodarone in patients with recent MI or
congestive heart failure (CHF) showed that the total
mortality was reduced by 13%. Arrhythmic/sudden
death was reduced by 29%. There was no effect on
non-arrhythmic deaths and there was no significant
difference in treatment effect between the post-MI and

CHEF studies. The risk of arrhythmic/sudden death in

control-group patients was higher in the CHF than in
the post-MI studies (10.7 vs 4.1%). The proarrhythmic
side effect of amiodarone is lower than that of other
antiarrhythmic drugs, but it should be remembered that
amiodarone causes bradycardia and may cause heart
block in susceptible individuals. It also has significant
noncardiac side effects, including pulmonary fibrosis,
hepatitis, skin lesions, corneal microdeposits, and optic
neuritis. Amiodarone not only blocks the peripheral
conversion of T4 to T3 but also is a source of a large
amount of iodine; therefore, its consumption may lead
to either hypothyroidism or hyperthyroidism. Baseline
laboratory value and interval tests should be obtained
to monitor these side effects.17-20

Amiodarone has also been studied for prevention
of postoperative AE A randomized double-blind study
showed >50% reduction in the rate of AF after cardiac
surgery in patients who took amiodarone compared to
placebo. In that study, therapy consisted of 600 mg of
amiodarone per day for seven days, then 200 mg per
day until the day of discharge from the hospital. The
mean (+SD) preoperative total dose of amiodarone
was 4.8+0.96 g over a period of 13+7 days. Short-term
use of amiodarone does not have the significant side
effects that are seen with long-term usage.?!

Sotalol

Sotalol prolongs the action potential and has nonselec-
tive B-blocking effects; therefore, it gives sinus thythm
control with some degree of rate control. It has a dose-
dependent risk of arrhythmia, especially torsade de
pointes, and may exacerbate preexisting left ventricle
(LV) dysfunction. It is excreted by the kidneys and
it should be avoided or its dose should be reduced
in renal impairment. While it is more effective than
placebo in maintaining the sinus rhythm, it is not as
effective as amiodarone. Sotalol appears to be as effec-
tive as class IA and class IC drugs such as quinidine
and propafenone. However, the results of a random-
ized clinical trial that studied the safety and efficacy of
amiodarone, propafenone, and sotalol in 214 patients
suggested that amiodarone and propafenone were
superior to sotalol in maintaining long-term normal
sinus rhythm in patients with AF, and that amiodarone
tended to be superior to propafenone, though its
long-term efficacy was limited by adverse side effects.
Current recommendations from the American College
of Cardiology (ACC), the American Heart Association
(AHA), and the European Society of Cardiology (ESC)
suggest using either sotalol, propafenone or flecainide
in those patients who do not have significant struc-
tural abnormality of the heart. Among these three
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drugs, flecainide and propafenone are contraindicated
in patients with coronary artery disease (CAD) while
sotalol is an option in these patients, although its effi-
cacy is reduced in the presence of CAD. A staged care
strategy, which is treating the patient with one antiar-
rhythmic drug (eg, propafenone) and then adding the
second one (eg, sotalol), may improve overall efficacy
and safety.19:22-29

Dofetilide

Dofetilide prolongs the action potential by blocking
the rapid component of the delayed rectifier of the
outward potassium current, IKr. It has a proarrhythmic
side effect with a narrow therapeutic window and a
toxicity that is associated with QT prolongation and
torsade de pointes. Most of the drug is excreted by the
kidneys and the dosage should be modified in cases of
renal failure. This newer antiarrhythmic drug has been
proved to be more effective than placebo in maintain-
ing the sinus rhythm in both patients with normal LV
function and in those with LV dysfunction and heart
failure. A meta-analysis of clinical trials with patients
who were treated with dofetilide showed that the
unadjusted hazard ratio for risk of death (dofetilide/
placebo) was 1.4 (95% CI, 0.4-5.1) and after adjust-
ing for the effects of arrhythmia diagnosis, age, sex,
and structural heart disease, the hazard ratio was 1.1
(95% CI, 0.3-4.3). Therefore, these data provided reas-
surance regarding the safety of dofetilide in patients
with supraventricular arrhythmias. The ACC/AHA/
ESC recommendations suggest using dofetilide as a
second-line drug in patients with normal structure of
the heart after propafenone, flecainide, and sotalol.
However, it is suggested as a first-line drug in patients
with heart failure or CAD. Clinical studies have

not shown any significant noncardiac side effects
for dofetilide.28,30-36

Dronedarone

Amiodarone has been a relatively successful drug in
maintaining sinus thythm with a low likelihood of
causing ventricular arrhythmia. However, it has several
noncardiac side effects. In one meta-analysis of four
clinical trials in which the mean amiodarone dose
per day ranged from 152 to 330 mg and for a minimal
duration of 12 months, the drug administration was
associated with thyroid, neurologic, skin, ocular, and
bradycardic adverse effects leading to discontinua-
tion of the drug in 22.9% of the patients. Therefore,
new attempts have focused on developing related
compounds with the same favorable cardiac profile but
with reduced noncardiac adverse effects.37

Dronedarone is a new antiarrhythmic drug with struc-
tural similarities to amiodarone without iodine in its
structure. The drug is still under investigation and in
2005 a request for regulatory approval was filed with
both the US Food and Drug Administration and the
European Agency for the Evaluation of Medicinal
Products. Dronedarone is classified as a class III antiar-
thythmic agent with a blockade effect on potassium
channels and causing prolongation of action potential
duration (APD). Dronedarone also has inhibitory effects
on Na and Ca channels and adrenergic receptors. The
Dronedarone AF Study After Electrical Cardioversion
(DAFNE) clinical trial, a double-blind randomized
study with a six month follow-up, showed that the time
to AF relapse increased on dronedarone 800 mg, with a
median of 60 days versus 5.3 days in the placebo group.
No significant effect was seen at higher doses. There
were no proarrhythmic reactions and drug-induced QT
prolongation was only noticed in the 1600 mg group.
Premature drug discontinuations affected 22.6% of
subjects given 1600 mg dronedarone versus 3.9% on
800 mg and were mainly due to gastrointestinal side
effects. No evidence of thyroid, ocular or pulmonary
toxicity was found. This study suggested dronedarone,
at an 800 mg daily dose, for the prevention of AF
relapses after cardioversion. Recently, the results of two
important identical double-blind randomized clinical
trials were published: The European Trial in Atrial
Fibrillation or Flutter Patients Receiving Dronedarone
for the Maintenance of Sinus Rhythm (EURIDIS)
and the American—Australian—African Trial with
Dronedarone in Atrial Fibrillation or Flutter Patients
for the Maintenance of Sinus Rhythm (ADONIS). In
the European trial, the median times to the recurrence
of arthythmia were 41 days in the placebo group and
96 days in the dronedarone group (P=.01). The corre-
sponding durations in the non-European trial were 59
and 158 days (P=.002). At the recurrence of arrhyth-
mia in the European trial, the mean (+SD) ventricular
rate was 117.5+£29.1 bpm in the placebo group and
102.3+24.7 bpm in the dronedarone group (P<.001);
the corresponding rates in the non-European trial
were 116.6+31.9 and 104.6+27.1 bpm (P<.001). Rates
of pulmonary toxic effects and of thyroid and liver
dysfunction were not significantly increased in the
dronedarone group. Also, the rates of death from any
cause and sudden death in the dronedarone group did
not differ significantly from those in the placebo group.
This suggests that dronedarone may not have common
adverse effects like amiodarone. However, a previous
study, the Antiarrhythmic Trial with Dronedarone
in Moderate to Severe Congestive Heart Failure
Evaluating Morbidity Decrease (ANDROMEDA), was
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discontinued early because an interim safety analysis
suggested a potential increase in the risk of death
with dronedarone therapy. Therefore dronedarone
may not be appropriate in high-risk patients, especially
those with heart failure. Another issue to be resolved
is the efficacy of dronedarone compared with other
antiarrhythmic drugs such as amiodarone. Efficacy &
Safety of Dronedarone Versus Amiodarone for the
Maintenance of Sinus Rhythm in Patients with Atrial
Fibrillation (DIONYSOS) is the name of an ongo-
ing clinical trial that tries to answer this important
question.38-40

Azimilide

Azimilide is a new investigational class III antiar-
rhythmic drug that blocks both the rapidly (I(Kr)) and
slowly (I(Ks)) activating components of the delayed
rectifier potassium current. Therefore, it prolongs the
action potential over a wide range of heart rates with
no reverse-use dependency. The results of clinical trials
on the efficacy of azimilide to suppress AF recurrence
have been controversial. Some studies suggested that
azimilide in the dose range of 100 to 125 mg per day
is more effective than placebo to control AF, while
other studies failed to show such effectiveness. In the
ALIVE study, which was a multinational randomized
double blind clinical trial, showed that azimilide was
mildly effective in reducing the recurrence of AF in a
high-risk population who survived MI with moderate-
to-severe LV systolic dysfunction. However, azimilide
did not demonstrate clinically important or statisti-
cally significant efficacy in reducing the risk for AF
recurrence in patients with structural heart disease in
another study. A-COMET-II, a randomized, six month
double-blind, placebo-controlled, parallel group-design
study to compare the efficacy of azimilide 125 mg per
day with placebo or sotalol 160 mg b.i.d. in patients
with persistent AF, demonstrated that the anti-ar-
thythmic efficacy of azimilide is slightly superior to
placebo but significantly inferior to sotalol in patients
with persistent AE The modest antiarrhythmic effi-
cacy and high rate of Torsade de Pointes and marked
QTc prolongation limit azimilide utilization for the
treatment of AE Both the safety and efficacy of this
drug should be further evaluated with large randomized
clinical trials before any conclusion regarding to its
application in the medical treatment of AF41-47

Tedisamil

Tedisamil is a new investigational class III antiarrhyth-
mic drug. A multicenter, double-blind, randomized,
placebo-controlled, sequential ascending dose-group

trial tested the efficacy of intravenous tedisamil
compared to placebo in conversion of AF or atrial
flutter (AFL) to sinus thythm. Of 175 patients repre-
senting the intention-to-treat sample, conversion to
normal sinus rhythm was observed in 41% (25/61) of
the tedisamil 0.4 mg/kg group, 51% (27 of 53) of the
tedisamil 0.6 mg/kg group, and 7% (4/59) of the place-
bo group, with an average time to conversion being 35
minutes in patients receiving tedisamil. There were
two instances of self-terminating VT, both in patients
receiving 0.6 mg/kg tedisamil. Although this study
points out the effectiveness of tedisamil in terminat-
ing AF or AFL, more and larger randomized clinical
trials are required especially to evaluate the safety and
efficacy of the drug in maintaining the sinus rthythm
after cardioversion.48

Future Direction; Atrial Selective
Antiarrhythmic Drugs, ACE Inhibitors,
Angiotensin Il Receptor Blockers,
and Statins
Modulation of the atrially expressed ion channel
subunit Kv1.5 [conducting the ultra-rapid delayed
rectifier, I(Kr)] is a potential therapeutic option
for AF with atrial selectivity now under investiga-
tion. Similarly, modulation of the atrial expression
of connexin 40, a protein which is localized in gap
junctions and downregulated in AF is a potential
therapeutic approach. Acetylcholine-activated current
(I(KACHh)) is increased in human AF and is another
novel candidate target for drug therapy. RSD1235
blocks atrial selective IKur and Ito channels and also
has frequency-dependent sodium channel blockade
property. AVEO118 also blocks IKur and Ito. In addi-
tion it blocks IKACH. AZD7009 blocks IKr, IKur, and
[to in addition to the sodium current and NIP-142
inhibits [Kur IKACh channels. These drugs have to
be further tested regarding their efficacy of treating AF
and their safety before becoming an option.49-53

In recent years it has been shown that the renin-
angiotensin system has a significant role in the
anatomical and electrical remodeling of the heart
which leads to arrhythmias. Infusion of angiotensin I1
induces significant myocardial fibrosis and hypertrophy
in animal models and this may lead to arrhythmia by
a variety of mechanisms, including conduction block
and reentry. Therefore ACE inhibitors (ACEI) and
angiotensin II receptor blockers (ARBs) have been
tested for prevention of AF and maintaining the sinus
thythm. Two large randomized clinical trials, Val-Heft
and CHARM, showed the efficacy of candesartan

and valsartan in maintaining sinus thythm in patients
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with heart failure. Two other randomized clinical
trials, LIFE and VALUE, suggested that losartan and
valsartan are effective in preventing AF in hyperten-
sive patients. ACEI and ARBs may have value in the
prevention of postoperative AF; however, this needs
further evaluation with larger randomized studies. A
retrospective cross-sectional and longitudinal analysis
of participants in the Stroke Prevention using an Oral
Thrombin Inhibitor in AF (SPORTIF) III and V trials,
in relation to the use (or nonuse) of ACEI/ARBs,
showed that patients aged older than 75 years taking
ACEIs or ARBs had lower mortality (hazard ratio 0.71,
95% CI, 0.52-0.95). Current evidence suggests using
ACEIs and ARBs for prevention of AF in hypertensive
patients and those with heart failure. Using these drugs
for prevention of AF and maintaining sinus rhythm in
other populations such as the elderly and postoperative
patients needs further investigation.>4-62

Recent data suggest that inflammation and
oxidative stress are involved in the development,
recurrence and persistence of AE Thus, the known
anti-inflammatory effects of HMG-CoA reductase
inhibitors (statins) led to investigations of these
drugs in reducing the incidence of AE Several stud-
ies suggested that statins are effective in reducing
the recurrence of AF after electrical cardioversion. A
recent study also suggested that patients presenting
with acute coronary syndrome (ACS) were much less
likely to have new-onset AF if they were on a statin at
the time of presentation. Treatment with atorvastatin
40 mg/d, initiated seven days before elective cardio-
pulmonary bypass surgery was shown to be effective
in reducing the incidence of postoperative AF, and it
shortened hospital stay.03-68

Hybrid Therapy

Many patients develop AFL after initiation of antiar-
thythmic drugs, and radiofrequency (RF) ablation
is a very effective treatment for AFL. Schumacher
et al studied 187 patients from an AF registry with
paroxysmal AF who were orally treated with flecain-
ide or propafenone. Twenty-four patients (12.8%)
developed AFL during the course of treatment. In
20 of these patients (10.7%), EP study revealed typi-
cal AFL. These patients underwent RF ablation of
AFL. Recurrence of AF was assessed by ambulatory
Holter monitoring and serial questionnaires. During a
mean follow-up of 11+4 months, the incidence of AF
episodes was significantly lower in patients receiving
the combined therapy (2.7+3.6 per year) compared
both to control subjects receiving the drug treat-

ment only (7.8+9.2 per year, P <.05) and to patients
before the therapy (10.2+5.4 per year, P <.001). The

efficacy of this approach was confirmed in other stud-
ies. Also Kocheril et al studied the effects of adding a
standardized right atrial catheter ablation procedure
to a regimen of previously ineffective antiarrhythmic
drugs on AF episode frequency and symptoms among
a population of highly symptomatic, drug-refractory
patients in a multicenter clinical trial. In this study,
all subjects underwent a right atrial catheter ablation
procedure with a standardized lesion set while continu-
ing their current regimen of antiarrhythmic drugs.
There were statistically significant improvements in 6
months of follow-up in all outcome measures, includ-
ing AF episode frequency, the occurrence of clinical
arrhythmia symptoms as well as condition-specific
and global health-related quality of life. This study
along with other available evidence suggests using this
approach as an option in patients with refractory AFE65.69-73

Summary

Atrial Fibrillation is a common clinical problem.
Although clinical evidence suggests using rate control
strategy in majority of the patients, the rhythm control
strategy is indicated when adequate rate control can
not be achieved secondary to the adverse effects of the
rate control medications or when symptoms (palpita-
tions, dyspnea, lightheadedness, angina, and syncope)
are not well controlled. Among antiarrhythmic drugs
class Ia, Ib, and class III are used to maintain the sinus
rhythm more than other classes. A simplified approach
to choose the antiarrhythmic drug based on the current
evidence is: (1) The drug of choice in patients with no
or minimal heart disease is Flecainide, propafenone, or
sotalol, (2) In patients with heart failure (EF < 35%)
or significant Left Ventricular Hypertrophy (LVH) the
drug of choice is amiodarone, and (3) In patients with
coronary artery disease sotalol or amiodarone can be
used. Future drugs will be designed in two main direc-
tions; (1) Drugs that are atrial selective and therefore
have minimum ventricular side effects, and (2) Those
drugs that modify the anatomical and electrical remod-
eling of the heart therefore they treat the underlying
substrate for AE Statins play an antiarrhythmic role
by inhibition of oxidative stress while ACE inhibitors
and angiotensin II receptor blockers have both anti-
oxidative and anti-fibrotic properties. Approaches
that consider a combination of antiarrhythmic drug
with catheter ablation have been described and new
methods may emerge as new ablation techniques and
new drugs are discovered.

Ali A. Sovari, MD is a Research Fellow in the Department

of Cardiology at the University of California, Los Angeles
(UCLA) Translational Arrhythmia Research Laboratory.

28 - Carle Selected Papers Vol. 51 No. 1 « Pharmacological Options to Maintain Sinus Rhythm in Atrial Fibrillation: Old and New Drugs, Future Directions



Abraham G. Kocheril, MD, FACC, FACP is a
Professor of Medicine and Director of Clinical Electro-
physiology at the University of Illinois at Chicago.

References
1. Haissaguerre M, Jais P, Shah DC, Takahashi A,
Méleze H, Quiniou G, et al. Spontaneous initiation

of atrial fibrillation by ectopic beats originating in the

pulmonary veins. N Engl ] Med 1998;339(10):659-666.

2. Hwang C, Wu TJ, Doshi RN, Peter CT,
Chen PS. Vein of marshall cannulation for the
analysis of electrical activity in patients with
focal atrial fibrillation. Circulation

2000;101(13):1503-1505.

3. Shah DC, Haissaguerre M, Jais P, Clementy ]J.
High-resolution mapping of tachycardia
originating from the superior vena cava: evidence
of electrical heterogeneity, slow conduction,

and possible circus movement reentry.

J Cardiovasc Electrophysiol 2002;13(4):388-392.

4. Tsai CE Tai CT, Hsieh MH, Lin WS, Yu WC,
Ueng KC, et al. Initiation of atrial fibrillation by
ectopic beats originating from the superior

vena cava: electrophysiological characteristics

and results of radiofrequency ablation.
Circulation 2000;102(1):67-74.

5. Wyse DG, Waldo AL, DiMarco JP, Domanski M]J,
Rosenberg Y, Schron EB, et al. A comparison
of rate control and rhythm control in patients with

atrial fibrillation. N Engl ] Med 2002;347(23):1825-1833.

6. Van Gelder IC, Hagens VE, Bosker HA, Kingma
JH, Kamp O, Kingma T, et al. A comparison
of rate control and rhythm control in patients

with recurrent persistent atrial fibrillation.
N Engl ] Med 2002;347(23):1834-1840.

7. Prystowsky EN. Assessment of thythm and
rate control in patients with atrial fibrillation.

J Cardiovasc Electrophysiol 2006;17(Suppl 2):S7-S10.

8. Page RL, Wilkinson WE, Clair WK, McCarthy
EA, Pritchett EL. Asymptomatic arrhythmias

in patients with symptomatic paroxysmal

atrial fibrillation and paroxysmal supraventricular

tachycardia. Circulation 1994;89(1):224-2217.

9. Flaker GC, Blackshear JL, McBride R, Kronmal
RA, Halperin JL, Hart RG. Antiarrhythmic drug
therapy and cardiac mortality in atrial fibrillation
The Stroke Prevention in Atrial Fibrillation
Investigators. ] Am Coll Cardiol 1992;20(3):527-532.

10. Madrid AH, Moro C, Marin-Huerta E, Mestre
JL, Novo L, Costa A. Comparison of flecainide
and procainamide in cardioversion of atrial

fibrillation. Eur Heart ] 1993;14(8):1127-1131.

11. Coplen SE, Antman EM, Berlin JA, Hewitt
P, Chalmers TC. Efficacy and safety of quinidine
therapy for maintenance of sinus rhythm after
cardioversion. A meta-analysis of randomized

control trials. Circulation 1990;82(4):1106-1116.

12. Hohnloser SH, van de Loo A, Baedeker E
Efficacy and proarrhythmic hazards of
pharmacologic cardioversion of atrial fibrillation:
prospective comparison of sotalol versus

quinidine. ] Am Coll Cardiol 1995;26(4):852-858.

13. Aliot E, Denjoy 1. Comparison of the safety and
efficacy of flecainide versus propafenone in hospital
out-patients with symptomatic paroxysmal atrial
fibrillation/flutter. The Flecainide AF French Study
Group.[ published erratum appears in Am ] Cardiol
1996;78(1):130]. Am ] Cardiol 1996;77(3):66A-71A.

14. Chimienti M, Cullen MT Jr, Casadei G.
Safety of long-term flecainide and propafenone
in the management of patients with symptomatic
paroxysmal atrial fibrillation: report from the
Flecainide and Propafenone Italian Study

Investigators. Am ] Cardiol 1996;77(3):60A-75A.

15. Chimienti M, Cullen MT Jr, Casadei G. Safety
of flecainide versus propafenone for the long-

term management of symptomatic paroxysmal
supraventricular tachyarrhythmias. Report

from the Flecainide and Propafenone Italian
Study (FAPIS) Group. Eur Heart ] 995;16(12):1943-1951.

16. Echt DS, Liebson PR, Mitchell LB, Peters RW,
Obias-Manno D, Barker AH, et al. Mortality and
morbidity in patients receiving encainide,
flecainide, or placebo. The Cardiac Arrhythmia
Suppression Trial. N Engl ] Med
1991;324(12):781-788.

29 - Carle Selected Papers Vol. 51 No. 1 « Pharmacological Options to Maintain Sinus Rhythm in Atrial Fibrillation: Old and New Drugs, Future Directions



17. Roy D, Talajic M, Dorian P, Connolly S,
Eisenberg MJ, Green M, et al. Amiodarone to
prevent recurrence of atrial fibrillation. Canadian

Trial of Atrial Fibrillation Investigators. N Engl
J Med 2000;342(13):913-920.

18. Singh BN, Singh SN, Reda D], Tang XC, Lopez

B, Harris CL, et al. Amiodarone versus sotalol for

atrial fibrillation. N Engl ] Med 2005;352(18):1861-1872.

19. AFFIRM First Antiarrhythmic Investigators.
Maintenance of sinus thythm in patients

with atrial fibrillation: an AFFIRM substudy of
the first antiarrhythmic drug. ] Am Coll Cardiol
2003;42(1):20-29.

20. Amiodarone Trials Meta-Analysis Investigators
Effect of prophylactic amiodarone on mortality
after acute myocardial infarction and in conges
tive heart failure: meta-analysis of individual

data from 6500 patients in randomised trials.

Lancet 1997;350(9089):1417-1424.

21. Daoud EG, Strickberger SA, Man KC, Goyal R,
Deeb GM, Bolling SF, et al. Preoperative amio
darone as prophylaxis against atrial fibrillation

after heart surgery. N Engl ] Med 1997;337(25):1785-1791.

22. Benditt DG, Williams JH, Jin ], Deering TF,
Zucker R, Browne K, et al. Maintenance of sinus
rhythm with oral d,l-sotalol therapy in patients
with symptomatic atrial fibrillation and/or atrial
flutter. d,I-Sotalol Atrial Fibrillation/Flutter Study
Group. Am ] Cardiol 1999;84(3):270-277.

23. Juul-Moller S, Edvardsson N, Rehnqvist-Ahlberg
N. Sotalol versus quinidine for the maintenance
of sinus thythm after direct current conversion of

atrial fibrillation. Circulation 1990;82(6):1932-1939.

24. Hohnloser SH, van de Loo A, Baedeker E
Efficacy and proarrhythmic hazards of pharmaco
logic cardioversion of atrial fibrillation: prospec
tive comparison of sotalol versus quinidine.

J Am Coll Cardiol 1995;26(4):852-858.

25. Reimold SC, Cantillon CO, Friedman PL,
Antman EM. Propafenone versus sotalol for
suppression of recurrent symptomatic atrial

fibrillation. Am ] Cardiol 1993;71(7):558-563.

26. Bellandi E Simonetti I, Leoncini M, Frascarelli
E Giovannini T, Maioli M, et al. Long-term

efficacy and safety of propafenone and sotalol

for the maintenance of sinus rhythm after conversion
of recurrent symptomatic atrial fibrillation. Am ]

Cardiol 2001;88(6):640-645.

27. Kochiadakis GE, Marketou ME, Igoumenidis NE,
Chrysostomakis SI, Mavrakis HE, Kaleboubas

MD, et al. Amiodarone, sotalol, or propafenone

in atrial fibrillation: which is preferred to

maintain normal sinus thythm? Pacing Clin

Electrophysiol. 2000;23(11 Pt 2):1883-1887.

28. ACC/AHA/ESC guidelines for the management
of patients with atrial fibrillation. A report of the
American College of Cardiology/American Heart
Association Task Force on Practice Guidelines

and the European Society of Cardiology Committee
for Practice Guidelines (Writing committee to
revise the 2001 guidelines for the management of
patients with atrial fibrillation). ] Am Coll Cardiol
2006;48:e1-e148.

29. Antman EM, Beamer AD, Cantillon C,
McGowan N, Friedman PL. Therapy of refractory
symptomatic atrial fibrillation and atrial flutter: a
staged care approach with new antiarrhythmic

drugs. ] Am Coll Cardiol 1990;15(3):698-707.

30. Singh S, Zoble RG, Yellen L, Brodsky MA,
Feld GK, Berk M, et al. Efficacy and safety of
oral dofetilide in converting to and maintaining
sinus thythm in patients with chronic atrial
fibrillation or atrial flutter: the symptomatic
atrial fibrillation investigative research on
dofetilide (SAFIRE-D) study. Circulation
2000;102(19):2385-2390.

31. Torp-Pedersen C, Moller M, Bloch-Thomsen
PE, Kober L, Sandoe E, Egstrup K, et al.
Dofetilide in patients with congestive heart
failure and left ventricular dysfunction

Danish Investigations of Arrhythmia and
Mortality on Dofetilide Study Group. N Engl ]
Med1999;341(12):857-865.

30 - Carle Selected Papers Vol. 51 No. 1 - Pharmacological Options to Maintain Sinus Rhythm in Atrial Fibrillation: Old and New Drugs, Future Directions



32. Tendera M, Wnuk-Wojnar AM, Kulakowski
P, Malolepszy J, Kozlowski JW, Krzeminska-Pakula
M, et al. Efficacy and safety of dofetilide in the
prevention of symptomatic episodes of paroxysmal
supraventricular tachycardia: a 6-month double-
blind comparison with propafenone and placebo.

Am Heart ] 2001;142(1):93-98.

33. McClellan KJ, Markham A. Dofetilide: a review
of its use in atrial fibrillation and atrial flutter.

Drugs 1999;58(6):1043-1059.

34. Kober L, Bloch Thomsen PE, Moller M, Torp-
Pedersen C, Carlsen |, Sandoe E, et al. Effect of
dofetilide in patients with recent myocardial
infarction and left-ventricular dysfunction: a

randomized trial. Lancet 2000;356(9247):2052-2058.

35. Pritchett EL, Wilkinson WE. Effect of dofetilide
on survival in patients with supraventricular

arrhythmias. Am Heart ] 1999;138(5 Pt 1):994-997.

36. Mounsey JP, DiMarco JP. Cardiovascular drugs.
Dofetilide. Circulation 2000;102(21):2665-2670.

37. Vorperian VR, Havighurst TC, Miller S, January
CT. Adverse effects of low dose amiodarone: a

meta-analysis. ] Am Coll Cardiol 1997;30(3):791-798.

38. Tafreshi MJ, Rowles ]. A review of the inves
tigational antiarrhythmic agent dronedarone.
J Cardiovasc Pharmacol Ther 2007;12(1):15-26.

39. Touboul P, Brugada ], Capucci A, Crijns HJ,
Edvardsson N, Hohnloser SH. Dronedarone for

prevention of atrial fibrillation: a dose-ranging

study. Eur Heart ] 2003;24(16):1481-1487.

40. Singh BN, Connolly S]J, Crijns HJ, Roy D,
Kowey PR, Capucci A, et al. Dronedarone for
maintenance of sinus rhythm in atrial fibrillation

or flutter. N Engl ] Med 2007;357(10):1039-1041.

41. Pritchett EL, Page RL, Connolly SJ, Marcello SR,
Schnell DJ, Wilkinson WE. Antiarrhythmic

effects of azimilide in atrial fibrillation: efficacy

and dose-response. Azimilide Supraventricular
Arrhythmia Program 3 (SVA-3) Investigators.

J Am Coll Cardiol 2000;36(3):794-802.

42. Connolly SJ, Schnell DJ, Page RL, Wilkinson
WE, Marcello SR, Pritchett EL. Dose-response
relations of azimilide in the management of
symptomatic, recurrent, atrial fibrillation. Am ]

Cardiol 2001;88(9):974-979.

43. Pritchett EL, Kowey P, Connolly S, Page RL,
Kerr C, Wilkinson WE. Antiarrhythmic efficacy
of azimilide in patients with atrial fibrillation.

Maintenance of sinus rhythm after conversion to

sinus thythm. Am Heart J. 2006;151(5):1043-1049.

44. Kerr CR, Connolly SJ, Kowey P, Page RL,
Pritchett EL, Ruda MY, et al. Efficacy of azimilide
for the maintenance of sinus rhythm in patients
with paroxysmal atrial fibrillation in the presence
and absence of structural heart disease. Am ]

Cardiol. 2006;98(2):215-218.

45. Page RL, Pritchett EL, Connolly S, Wilkinson
WE; For the SVA-4 Investigators. Azimilide for

the treatment of atrial fibrillation, atrial flutter,

and paroxysmal supraventricular tachycardia:

results of a randomized trial and insights on the
concordance of symptoms and recurrent arrhythmias.

J Cardiovasc Electrophysiol 2007;19(2):172-177.

46. Pratt CM, Singh SN, Al-Khalidi HR, Brum JM,
Holroyde M], Marcello SR, et al. The efficacy of
azimilide in the treatment of atrial fibrillation in
the presence of left ventricular systolic dysfunction:
results from the Azimilide Postinfarct Survival
Evaluation (ALIVE) trial. ] Am Coll

Cardiol 2004;43(7):1211-1216.

47. Lombardi F, Borggrefe M, Ruzyllo W, Luderitz
B; A-COMET-II Investigators. Azimilide vs.
placebo and sotalol for persistent atrial
fibrillation: the A-COMET-II (Azimilide-
CardiOversion MaintEnance Trial-II) trial. Eur
Heart ] 2006;27(18):2224-2231.

48. Hohnloser SH, Dorian P, Straub M, Beckmann
K, Kowey P. Safety and efficacy of intravenously
administered tedisamil for rapid conversion of
recent-onset atrial fibrillation or atrial flutter.

J Am Coll Cardiol 2004;44(1):99-104.

31 - Carle Selected Papers Vol. 51 No. 1 - Pharmacological Options to Maintain Sinus Rhythm in Atrial Fibrillation: Old and New Drugs, Future Directions



49. Decher N, Kumar P, Gonzalez T, Pirard B,
Sanguinetti MC. Binding site of a novel Kv1.5
blocker: a “foot in the door” against atrial

fibrillation. Mol Pharmacol 2006;70(4):1204-1211.

50. Decher N, Pirard B, Bundis F, Peukert S,
Baringhaus KH, Busch AE, et al. Molecular basis
for Kv1.5 channel block: conservation of drug
binding sites among voltage-gated K+ channels.

J Biol Chem 2004;279(1):394-400.

51. Feddida D. Vernakalant (RSD1235): a novel,
atrial-selective antifibrillatory agent. Expert Opin
Investig Drugs 2007;16(4):519-532.

52. Firouzi M, Ramanna H, Kok B, Jongsma HJ,
Koeleman BP, Doevendans PA, et al. Association
of human connexin40 gene polymorphisms with
atrial vulnerability as a risk factor for idiopathic

atrial fibrillation. Circ Res 2004;95(4):e29-e33.

53. Hashimoto N, Yamashita T, Tsuruzoe N.
Tertiapin, a selective IKACh blocker, terminates
atrial fibrillation with selective atrial effective
refractory period prolongation. Pharmacol Res

2006;54(2):136-141.

54. Crawford DC, Chobanian AV, Brecher P.

Angiotensin Il Induces fibronectin expression
associated with cardiac fibrosis in the rat. Circ

Res 1994;74(4):727-139.

55. Tan LB, Jalil JE, Pick R, Janicki ]S, Weber KT.
Cardiac myocyte necrosis induced by angiotensin
II. Circ Res 1991;69(5):1185-1195

56. Landau C, Jacobs AK, Haudenschild CC.
Intrapericardial basic fibroblast growth factor
induces myocardial angiogenesis in a rabbit model
of chronic ischemia. Am Heart ] 1995;129(5):924-931.

57. Maggioni AP, Latini R, Carson PE, Singh SN,
Barlera S, Glazer R, et al. Valsartan reduces the
incidence of atrial fibrillation in patients with

heart failure: results from the Valsartan Heart Failure

Trial (Val-HeFT). Am Heart ] 2005;149(3):548-557.

58. Ducharme A, Swedberg K, Pfeffer MA,
Cohen-Solal A, Granger CB, Maggioni AP, et

al. Prevention of atrial fibrillation in patients with
symptomatic chronic heart failure by candesartan
in the Candesartan in Heart failure: Assessment

of Reduction in Mortality and morbidity (CHARM)
program. Am Heart ] 2006;152(1):86-92.

59. Wachtell K, Lehto M, Gerdts E, Olsen MH,
Hornestam B, Dahlof B, et al. Angiotensin 11
receptor blockade reduces new-onset atrial
fibrillation and subsequent stroke compared to
atenolol: the Losartan Intervention For End Point
Reduction in Hypertension (LIFE) study. ] Am
Coll Cardiol 2005;45(5):712-719.

60. Schmieder R, Kjeldsen SE, Julius S, Mclnnes
GT, Zanchetti A, Hua T. Reduced incidence

of new onset atrial fibrillation with angiotensin
II receptor blockade: the VALUE-trial.

J Hypertens 2008;26(3):403-411.

61. White CM, Kluger ], Lertsburapa K, Faheem

O, Coleman CI. Effect of preoperative angiotensin
converting enzyme inhibitor or angiotensin receptor
blocker use on the frequency of atrial fibrillation
after cardiac surgery: a cohort study from the

atrial fibrillation suppression trials II and III. Eur ]
Cardiothorac Surg 2007;31(5):817-820.

62. Lip GY, Frison L, Grind M. Angiotensin
converting enzyme inhibitor and angiotensin
receptor blockade use in relation to outcomes

in anticoagulated patients with atrial fibrillation.

J Intern Med 2007;261(6):577-586.

63. Strandberg TE, Vanhanen H, Tikkanen M].
Effect of statins on C-reactive protein in patients with
coronary artery disease, Lancet 1999;353(9147):118-119.

64. Rosenson RS. Statins in atherosclerosis: lipid-
lowering agents with antioxidant capabilities,

Atherosclerosis 2004;173(1):1-12.

65. Tveit A, Grundtvig M, Gundersen T, Vanberg
P, Semb AG, Holt E, et al. Analysis of pravastatin to
prevent recurrence of atrial fibrillation after electrical

cardioversion, Am ] Cardiol 2004;93(6):780-782.

32 - Carle Selected Papers Vol. 51 No. 1 - Pharmacological Options to Maintain Sinus Rhythm in Atrial Fibrillation: Old and New Drugs, Future Directions



66. Ozaydin M, Varol E, Aslan SM, Kucuktepe Z,
Dogan A, Ozturk M, et al. Effect of atorvastatin
on the recurrence rates of atrial fibrillation

after electrical cardioversion. Am ] Cardiol

2006;97(10):1490-1493.

67. Ramani G, Zahid M, Comparison of frequency
of new-onset atrial fibrillation or flutter in

patients on statins versus not on statins presenting
with suspected acute coronary syndrome. Am ]

Cardiol 2007;100(3):404-405.

68. Patti G, Chello M, Candura D, Pasceri V,
D’Ambrosio A, Covino E, et al. Randomized
trial of atorvastatin for reduction of postoperative
atrial fibrillation in patients undergoing cardiac
surgery: results of the ARMYDA-3 (Atorvastatin
for Reduction of Myocardial Dysrhythmia

After cardiac surgery) study. Circulation

2006;114(14):1455-1461.

69. Schumacher B, Jung W, Lewalter T, Vahlhaus
C, Wolpert C, Luderitz B. Radiofrequency
ablation of atrial flutter due to administration of
class IC antiarrhythmic drugs for atrial fibrillation.

Am ] Cardiol 1999;83(5):710-713.

70. Nabar A, Rodriguez LM, Timmermans C, Smeets
JL, Wellens HJ. Radiofrequency ablation of “class
IC atrial flutter” in patients with resistant atrial

fibrillation. Am ] Cardiol 1999;83(5):785-787.

71. Huang DT, Monahan KM, Zimetbaum P,
Papageorgiou P, Epstein LM, Josephson ME.
Hybrid pharmacologic and ablative therapy: a
novel and effective approach for the management

of atrial fibrillation. ] Cardiovasc Electrophysiol
1998;9(5):462-469.

72. Reithmann C, Hoffmann E, Spitzlberger G,
Dorwarth U, Gerth A, Remp T, et al. Catheter
ablation of atrial flutter due to amiodarone
therapy for paroxysmal atrial fibrillation.

Eur Heart ] 2000;21(7):565-572.

73. Kocheril AG, Calkins H, Sharma AD,

Cher D, Stubbs HA, Block JE. Hybrid therapy
with right atrial catheter ablation and previously
ineffective antiarrhythmic drugs for the

management of atrial fibrillation. ] Interv Card
Electrophysiol 2005;12(3):189-197.

33 ¢ Carle Selected Papers Vol. 51 No. 1 - Pharmacological Options to Maintain Sinus Rhythm in Atrial Fibrillation: Old and New Drugs, Future Directions

CME Questions 3a-d

Please select the best answer for the following:

3a. The “rate control” strategy is preferable in many
patients with atrial fibrillation and the “rhythm
control” strategy is used mainly for those patients
who develop side effects to the rate control drugs
or remain symptomatic despite rate control

medications.
a. True
b. False

3b. Which one of the following statements is NOT
correct?

a. Class Ic and III are the main classes of
antiarrhythmic drugs that are used to
maintain sinus rhythm in atrial fibrillation.

b. Amiodarone does not prolong the action
potential.

c. Class Ic drugs (eg, flecainide and
propafenone) are not recommended in
patients with structural heart disease.

d. Sotalol, a class III antiarrhythmic drug, is
recommended in patients with coronary
artery disease.

e. Amiodarone can be used to maintain sinus
thythm in patients with atrial fibrillation
and structural heart disease.

3c. Which one of the following is the focus of the

current research to develop new antiarrhythmic

drugs for treatment of atrial fibrillation?

a. New antiarrhythmic drugs that are
structurally similar to amiodarone but
have less non-cardiac side effects (eg,
dronedarone)

b. Atrial selective antiarrhythmic drugs with less
ventricular proarrhythmia

c. Drugs that modify substrates for arrhythmia
(ie, drugs with anti-fibrotic and anti inflammatory
effects)

d. All of the above

3d. A combination of atrial flutter ablation and
previously ineffective antiarrhythmic drug for
atrial fibrillation (hybrid therapy) has been shown
to be an effective strategy in treatment of atrial
fibrillation in selected patients.
a. True

b. False



