
Is rate control or rhythm control preferable in
patients with atrial fibrillation?

Rate Control Is Preferable to Rhythm Control in the Majority
of Patients With Atrial Fibrillation
Rodney H. Falk, MD, FRCP

“. . .but to his surprise — the more he looked — the
more Piglet wasn’t there.”

A.A. Milne, The House at Pooh Corner

The management of patients with atrial fibrillation has
been the subjects of intense investigation over the past
2 decades. In the 1980s and early 1990s, large clinical

trials of anticoagulant therapy for stroke prevention were
performed. These consistently demonstrated that atrial fibril-
lation confers a significant and ongoing stroke risk and that
anticoagulant therapy significantly reduces this risk.1–10 War-
farin subsequently became a standard of therapy for patients
with atrial fibrillation, whether paroxysmal, persistent, or
permanent.

If patients with atrial fibrillation had a high stroke risk
compared with those in sinus rhythm, then logic appeared
to dictate that restoration and maintenance of sinus rhythm
should reduce the likelihood of thromboembolism and
hence obviate the need for long-term warfarin anticoagu-
lation. Perhaps driven in part by this belief, new atrial
antiarrhythmic drugs were introduced during this period,
and there was an increasing use of such drugs among
patients with atrial fibrillation.11 A decade after the trials
of anticoagulation in atrial fibrillation, several interna-
tional trials were implemented to determine whether heart
rate control would result in a similar outcome to the

outcome after a strategy of restoration and maintenance of
sinus rhythm.12–15 Analysis of these trials demonstrated no
benefit either in mortality or in a combined end point of
mortality and morbidity. These results are generally inter-
preted as showing that either rate control or rhythm control
is a suitable strategy in a patient with atrial fibrillation, and
there has therefore been a rethinking of the appropriate
way in which to treat a patient with atrial fibrillation when
the options include control of either rate or rhythm. In the
treatment of atrial fibrillation, as with most things in
medicine, one size does not fit all, and it must be recognized
that there are some patients in whom trials of pharmacolog-
ical rate control may be ineffective for the complete control of
symptoms. These patients most certainly deserve vigorous
attempts at maintaining sinus rhythm; however, these patients
represent a small minority of patients with atrial fibrillation
and are not the topic of the current discussion. It is therefore
my purpose in this debate to demonstrate that rate control, by
virtue of its relative simplicity, is superior to rhythm control
in the management of the majority of patients with atrial
fibrillation and should therefore be the method of choice.
Furthermore, as with Piglet, the well-known character from
the children’s story featured in the introductory quote to this
argument, the more one looks in an attempt to prove the
benefits of rhythm control over rate control, the more they are
not there.
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Lessons From the Multicenter Trials of Rate
Versus Rhythm Control

The results of the recently published trials of management
strategies in atrial fibrillation have become a stimulus for the
renewed debate concerning whether or not it is worthwhile to
attempt to restore sinus rhythm (Table 1). As such, they
deserve careful scrutiny to determine whether they have
definitively answered the question of the best strategy or
whether further trials, perhaps in specific patient subgroups,
are needed.

AFFIRM Trial
The Atrial Fibrillation Follow-up Investigation of Rhythm
Management (AFFIRM) trial, performed in North America,
evaluated mortality as a primary end point when the strategies
of rate versus rhythm control in atrial fibrillation were
compared.12–15 Of the 4000 patients who were enrolled, no
difference could be determined between these 2 strategies,
although there was a trend toward a higher mortality rate in
the rhythm-control group. The trial enrolled patients deemed
to be at high risk for stroke on the basis of their age or
underlying disease. It must be stressed that AFFIRM was a
comparison of treatment strategies in a high-risk population
with current or past atrial fibrillation. Patients with paroxys-
mal atrial fibrillation or those recently cardioverted from
atrial fibrillation were eligible to participate, and this resulted
in 52% of enrollees (1055/2027) who were randomized to
rate control being in sinus rhythm at the time of randomiza-
tion. Although many of these patients reverted transiently or
permanently to atrial fibrillation during the study, it is
conceivable that the failure to show a benefit of one or
another strategy was related to a dilution of numbers by
having patients in sinus rhythm in the rate-control group and
patients who could not maintain sinus rhythm in the rhythm-
control group. Despite these potential limitations, AFFIRM
was a large study, and the strategy of attempted sinus rhythm
maintenance showed no advantage either in the primary end
point or in any prespecified secondary end points, including
quality of life, stroke, or worsening functioning class.

RACE Trial
The Rate Control versus Electrical Cardioversion (RACE)
trial, although smaller than AFFIRM (n�522), differed from
it in only enrolling patients with persistent atrial fibrillation.13

Eligibility required a patient to have had a prior cardioversion
and to be back in atrial fibrillation at the time of randomiza-
tion. Subjects were either randomized to a strategy of repeat
cardioversion(s) and antiarrhythmic drugs to maintain sinus
rhythm or to rate control, which was almost exclusively
pharmacological. The primary end point was a composite of
cardiovascular death, heart failure, thromboembolism, bleed-
ing, pacemaker insertion, or severe side effects of antiarrhyth-
mic drugs. The end point did not differ between the 2 groups
at a mean follow-up of 2.3 years. Although it is unclear how
many of the rate-control patients crossed over to the rhythm-
control group, there were only 26 patients in the rate-control
group who were in sinus rhythm at study end, 13 of whom
had been cardioverted during the study for intolerable car-
diovascular symptoms. Analysis of quality of life, a second-
ary end point in RACE, showed no difference between these
2 strategies.

Two much smaller pilot trials have also addressed rate
versus rhythm control. The Strategies of Treatment of Atrial
Fibrillation (STAF)14 and Pharmacological Intervention in
Atrial Fibrillation (PIAF)15 trials were both pilot trials de-
signed to test the feasibility of a larger trial. These both
demonstrated very similar outcomes between rate and rhythm
strategies but, in light of the AFFIRM and RACE trials,
neither proceeded into a full-scale study.

Why Do Patients With Atrial Fibrillation
Develop Symptoms?
Before treatment is prescribed for a patient with new-onset
atrial fibrillation, a thoughtful analysis is required to examine
why any symptoms or clinical deterioration might have
occurred. Symptoms in a patient presenting with new-onset
atrial fibrillation should not be attributed simply to the loss of
the atrial contribution to ventricular filling, because other
culprits may be the predominant factor, the most obvious of
which is a rapid ventricular response associated with the

TABLE 1. Summary of Features of Each Rate vs Rhythm Trial

Trial n Age, y
Mean

Follow-Up Primary End Point
Rate-Control Studies:
End Point, Mortality

Rhythm-Control
Studies: End

Point, Mortality

AFFIRM 4060 69.7�9 3.5 y Death 21.3%, 21.3% (At 5 y) 23.8%, 23.8% (At 5 y)

RACE 522 68�8 2.3 y CV death, CHF, TE, bleeding,
pacemaker, adverse drug reaction

17.2%, 7.0% (Study duration) 22.6%, 6.8% (Study duration)

PIAF 252 60.5�9 1 y Improved dyspnea, palpitation,
or dizziness

76%,* 2% (1 y) 70%,* 2% (1 y)

STAF 200 65.8�8 19.6 mo Death, stroke, TIA, CPR,
systemic embolus

6.1%, 4.9% (Annual) 5.5%, 2.5% (Annual)

CHF indicates congestive heart failure; CPR, cardiopulmonary resuscitation; CV, cardiovascular; TE, thromboembolism; and TIA, transient ischemic attack.
*End point represents improvement in symptoms (PIAF only).
Other than the AFFIRM trial, all trials recruited only patients with persistent atrial fibrillation.
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untreated arrhythmia. In the absence of AV nodal blocking
agents, the mean resting ventricular response to atrial fibril-
lation is �110 to 125 bpm,16–19 and this may increase
considerably during exertion. As heart rate increases, the
percentage of time spent in diastole is shortened. Because
diastolic dysfunction is a feature of many diseases associated
with atrial fibrillation,20 a rapid ventricular rate can precipi-
tate or aggravate heart failure. If the rate remains uncontrolled
for a longer period of time, tachycardia-mediated cardiomy-
opathy may occur.21 Although tachycardia-mediated cardio-
myopathy is considered uncommon, there may be an unrec-
ognized spectrum of subtle left ventricular dysfunction
(diastolic as well as systolic) that is produced by atrial
fibrillation. Thus, control of the ventricular rate should play a
central role in the management of atrial fibrillation, because it
can improve symptoms of heart failure by lengthening dias-
tole, may decrease the likelihood of tachycardia-related
systolic dysfunction, and can abolish the sensation of
tachycardia or palpitations associated with the rapid rate. In
addition to slowing the ventricular rate, the relative regular-
ization of the ventricular response that may occur with such
agents as verapamil or diltiazem,22,23 or the absolute regular-
ization that follows AV nodal ablation may also have some
role in improving hemodynamics and providing a sense of
wellbeing.24–27

Rhythm Control in Atrial Fibrillation: A Strategy
That Is Difficult to Obtain Consistently
One reason rate control is a preferred strategy in atrial
fibrillation is that rhythm control is not an easy goal to
achieve in many patients. Why might this be so? As with
many other forms of arrhythmia, atrial fibrillation is associ-
ated with and precipitated by a number of underlying types of
heart disease. The abnormalities responsible for the mainte-
nance of atrial fibrillation are complex and represent a
combination of the primary pathology responsible for the
arrhythmia20 and cellular, subcellular and molecular changes
that result from the fibrillation itself.28–40 Although the
underlying pathology both precipitates and perpetuates the
arrhythmia, the secondary changes produced by atrial fibril-
lation may progress with time and lead to further likelihood
of perpetuation (“atrial fibrillation begets atrial fibrilla-
tion”41). Simply restoring sinus rhythm does not affect the
underlying pathology initially responsible for the arrhythmia,
and it is therefore not surprising that atrial fibrillation has a
high recurrence rate unless antiarrhythmic therapy is admin-
istered; however, as discussed below, the use of antiarrhyth-
mic drugs is a 2-edged sword, because none of these drugs are
free of side effects, and none comes close to having 100%
efficacy.42 Thus, before a patient is subjected to a potentially
harmful agent to restore and maintain sinus rhythm, every
effort should be made to ensure that heart rate during atrial
fibrillation has been controlled adequately, because this may
result in symptom improvement and obviate the need to use
an antiarrhythmic drug.

What Is the Optimal Heart Rate in
Atrial Fibrillation?
Unfortunately, there is a lack of uniform definition of heart
rate control in atrial fibrillation, although it is generally
agreed that rate control must exist both at rest and during
normal daily activities. Patients in atrial fibrillation demon-
strate greater maximum and minimum heart rates during
normal daily activities than do similar patients in sinus
rhythm, and the assessment of an “optimal” heart rate in
patients with atrial fibrillation must take into account the
potential need for a slightly faster resting heart rate at rest
than might be seen in sinus rhythm that results from the loss
of the atrial contribution to ventricular filling. There have
been several small trials of individual negative chronotropic
agents for ventricular rate control in persistent atrial fibrilla-
tion that used exercise testing as a goal to determine optimal
heart rate control. These studies have been reviewed recently
by Bjerregaard and coworkers.43 The predominant drugs
studied were digoxin, various �-blocking agents, and the
nondihydropyridine calcium channel blocking agents verap-
amil and diltiazem. �-Blocking agents and verapamil or
diltiazem are more effective than digoxin for controlling heart
rate, particularly during activity, although digoxin has a
synergistic effect with each of the other classes of drugs. Few
studies have directly compared the efficacy of heart rate
control during daily activity with that during exercise using
multiple drug regimens. Farshi et al44 performed a crossover
study in 12 patients treated with digoxin 0.25 mg/d, diltiazem
CD 240 mg/d, atenolol 50 mg/d, or a combination of each of
the latter 2 drugs with digoxin. Digoxin alone provided the
least effective mean peak ventricular rate during exercise of
175 bpm and a daytime mean heart rate of 85�20 bpm. The
combination of atenolol and digoxin resulted in a signifi-
cantly lower peak heart rate during exercise than did the other
therapies and was the most effective in blunting heart rate
peaks during daily activities. Despite a mean decrease of 49
bpm during exercise compared with digoxin alone, the
digoxin-atenolol combination had no effect on exercise tol-
erance compared with any other combination. This contrasts
with some other studies of �-blocking agents in which
vigorous blunting of peak heart rate was associated with a
decrease in exercise tolerance. Thus, the use of currently
available negative chronotropic agents results in reasonably
good heart rate control in the majority of patients, although
care must be taken not to overtreat.

The AFFIRM study was the first large study to attempt to
formally define and institute criteria for a controlled ventric-
ular response in atrial fibrillation.12,45 Adequate rate control
was defined not only as a controlled resting heart rate but also
as the absence of excessive heart rate elevation with a modest
level of exercise and/or during daily activities. Specifically,
for the goal of adequate heart rate control to be achieved,
patients were required to have a ventricular response of �80
bpm at rest and to have either a maximum heart rate of �110
bpm during a 6-minute walk on a flat surface or an average
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heart rate during 24-hour ambulatory monitoring �100 bpm
with no heart rate �110% of maximal predicted age-adjusted
exercise heart rate. With these criteria, the overall success rate
for heart rate control ranged from 38% with calcium channel
blockers alone to 76% in a small group of patients who were
treated with a combination of �-blocker, calcium channel
blocker, and digoxin. The overall success rate for heart rate
control 2 months after entering the AFFIRM study among
patients who were in atrial fibrillation at the time of that visit
was �63%, and control gradually improved throughout the
study to a maximum of 86% at rest, 90% with exercise, and
78% overall at the 5-year mark.45 Although these data may
raise some concerns about the 22% to 37% of patients
without “adequate rate control,” the criteria for rate control
were based on prospectively defined criteria. It is possible
that this definition was too rigid and that patients who fell
outside this definition of “rate control” were not harmed in
any way. To attempt to answer this question, Cooper et al45

analyzed patients in the rate-control arm of the AFFIRM
study who were in atrial fibrillation both at baseline and at 2
months. Patients were grouped by quartile of achieved heart
rate at rest and with exercise. The heart rate quartiles at rest
(n�680) were 44 to 69, 70 to 78, 79 to 87, and 88 to 148 bpm,
respectively, and with exercise (n�349), the rates were 53 to
82, 83 to 92, 93 to 106, and 107 to 220. No difference was
found in survival free from cardiac hospitalization or in
overall survival among quartiles, which suggests that at least
in the median-term follow-up of the AFFIRM study, vigorous
attempts at rate control to these predefined criteria may not
have been necessary in every patient.45 Therefore, rate control
in atrial fibrillation may not necessarily require a rigid
titration of medications to a particular heart rate goal, pro-
vided that prolonged periods of excessive or symptomatic
tachycardia can be avoided.

Antiarrhythmic Drugs: An Armamentarium With
a Plethora of Side Effects
Antiarrhythmic drugs have been used for many years to
restore and maintain sinus rhythm; however, the use of these
drugs has drawbacks, because none are free of side effects
(cardiac or noncardiac), and none comes close to having
100% efficacy. Thus, their use requires a careful assessment
of the risks and benefits of each agent and must be tailored to
the individual patient’s medical condition. Furthermore, no
guarantee of safety or efficacy of any one drug in an
individual patient can be given.

The currently available antiarrhythmic agents are associ-
ated with a plethora of significant side effects, both cardiac
and noncardiac. Agents that prolong repolarization (predom-
inantly the class 3 agents sotalol and dofetilide and class 1
agents such as quinidine, disopyramide, and procainamide)
are associated with a risk of torsade de pointes, which may be
fatal.46–48 The absence of early proarrhythmia with these
agents is no guarantee of freedom from late proarrhythmia,
which may be precipitated by a fall in potassium, the

development of bradycardia, or worsening renal function.49 In
the setting of prior myocardial infarction with ventricular
ectopy, the use of the class 1C agent flecainide was associated
with an increased risk of sudden death.50 Although introduced
after the Cardiac Arrhythmia Suppression Trial (CAST)
study, propafenone has electrophysiological properties simi-
lar to flecainide, and it is likely that it would have had the
same adverse effect. Thus, both propafenone and flecainide
are considered to be contraindicated in patients with atrial
fibrillation and ischemic heart disease.51 The use of the 1C
agents may also cause atrial fibrillation to organize to atrial
flutter with a relatively slow atrial rate, resulting in 1:1 AV
nodal conduction. Because of the “use-dependent” properties
of these drugs (whereby their electrophysiological effect is
heightened in the setting of an increased depolarization rate),
atrial flutter with 1:1 conduction is commonly associated with
a markedly widened QRS. This can result in ventricular
dyssynergy and the potential for cardiovascular collapse. To
minimize this occurrence, it is advisable to prescribe the class
1C agents in conjunction with an AV nodal blocking agent,
thereby increasing the number of drugs a patient takes.

Amiodarone, the most effective atrial arrhythmic drug, also
prolongs the QT interval but appears to have a very low risk
of torsade de pointes. Unfortunately, the low risk of proar-
rhythmia with amiodarone is offset by its numerous side
effects, which necessitated discontinuation in 18% of patients
over 16 months in the Canadian trial of amiodarone for atrial
fibrillation52 and in up to 23% of patients in other clinical
trials.53 The long-term discontinuation rate is even greater
owing to the cumulative toxicity of the drug. Pulmonary
fibrosis due to amiodarone, although rare, is a serious
complication. Although it often reverses after the drug is
stopped, the fibrosis may progress, and fatal cases have been
reported. Hypothyroidism is commonly induced by amiod-
arone, and amiodarone-induced hyperthyroidism, although
less common, is a difficult to treat complication of this drug.
Liver function test abnormalities are common, and on occa-
sion, significant hepatotoxicity may occur. Perhaps the most
common, troublesome, and potentially dangerous side effect
of amiodarone is its interaction with warfarin. Amiodarone
decreases total warfarin requirements, but because of its
complex pharmacokinetics and an unpredictable time course,
the international normalized ratio (INR) may suddenly ele-
vate after apparently being stable for a number of weeks after
the initiation of amiodarone in a patient taking warfarin.54

How Common Are Potential Contraindications to
Atrial Antiarrhythmic Drugs?
The potential for side effects of atrial antiarrhythmic drugs is
increased in the setting of comorbidities. In a study of 723
Canadian patients with paroxysmal atrial fibrillation entered
into a prospective registry between 1991 and 1996,
Humphries et al55 noted that 56% had documented structural
heart disease, including 22% with left ventricular systolic
dysfunction. When they sought the presence of a clinical
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feature that was specified as a contraindication, warning, or
precaution to a specific drug in the 1996 Canadian Compen-
dium of Pharmaceuticals and Specialties, the percentage of
patients who fell into at least 1 such category among the most
commonly prescribed drugs (flecainide, quinidine, sotalol,
amiodarone, and propafenone) ranged from 36% for quini-
dine to 58% for flecainide. Although, as the authors appro-
priately point out, these were only potential limitations to
drug use and do not necessarily preclude therapy based on
good clinical judgment, these data certainly underscore the
complexities of prescribing antiarrhythmic drugs, even before
the efficacy of the agents is entered into the equation.

Safety of Negative Chronotropic Agents Compared
With Antiarrhythmic Agents
In contrast to the common adverse effects of antiarrhythmic
agents, the 3 main classes of negative chronotropic agents
(digoxin, �-blockers, and the nondihydropyridine calcium
channel blockers verapamil and diltiazem) have a good safety
profile. The digitalis glycosides, of which digoxin is used
almost exclusively, have been available for more than 2
centuries, and the outstanding clinical observations of Sir
William Withering in the 18th century laid the foundation for
the understanding of digoxin toxicity. With the introduction
of the measurement of serum digoxin levels, classic digoxin
toxicity decreased considerably. Digoxin has a synergistic
negative chronotropic effect with drugs in the other classes,44

and when used in appropriate doses and with recognition of
the verapamil-digoxin interaction (which leads to elevated
digoxin levels), it has proved to be a safe, useful, and
enduring adjunct to ventricular rate control. �-Blockers and
calcium channel blockers are similarly remarkably safe
agents. Indeed, �-blockers have a well-known cardioprotec-
tive effect, and in selected cases of atrial fibrillation with left
ventricular dysfunction, their use may be associated with an
improvement in ejection fraction.56,57 Although the calcium
channel blockers demonstrate a negative inotropic effect in
vitro, this is uncommonly seen in the clinical setting, pro-
vided that this class of drug is not given to patients with
uncompensated heart failure.

Why Cannot Anticoagulation Be Discontinued in a
Patient With a History of Paroxysmal or
Persistent Atrial Fibrillation Once Sinus Rhythm
Has Been Restored?
One argument in favor of the use of antiarrhythmic drugs in
atrial fibrillation is that restoration of sinus rhythm may
render unnecessary the need for continued anticoagulation.
Until recently, it was considered safe to discontinue warfarin
anticoagulation once a patient had been cardioverted from
atrial fibrillation and had apparently remained in sinus
rhythm for a period of 30 to 90 days. Some guidelines
suggested that anticoagulation could be discontinued in such
patients,58 thereby implying an advantage of rhythm control
over rate control in terms of the risks and inconvenience of
long-term anticoagulation. The trials of rate versus rhythm
control permitted discontinuation of anticoagulation in the
rhythm-control group once sinus rhythm was (or at least
appeared to have been) maintained; however, in each of the
trials, the stroke/thromboembolism rate was the same or
slightly higher in the rhythm-control group than in the
rate-control group, with a difference that approaches statisti-
cal significance when the data are pooled (Table 2). This
consistent demonstration that rhythm control is associated
with an ongoing risk of thromboembolism underscores the
need for warfarin to be continued for a longer period than was
previously believed necessary after apparently successful
cardioversion.

The risk of ongoing stroke among patients with a history of
atrial fibrillation who subsequently appear to be in sinus
rhythm is probably related to recurrent episodes of paroxys-
mal atrial fibrillation. The patient may be asymptomatic
during recurrent episodes, but the atrial fibrillation retains the
risk of thrombus formation and subsequent thromboembo-
lism. In the Prevention of Atrial Fibrillation after Cardiover-
sion (PAFAC) trial, 1182 patients with persistent AF were
cardioverted and then randomized to receive either placebo,
verapamil, or a combination of quinidine with verapamil.59

Daily transtelephonic monitoring was performed in each
patient for a mean follow-up of 266 days and a total of
�191 000 ECGs. Recurrence of atrial fibrillation, docu-
mented by transtelephonic monitoring, occurred in 67% of

TABLE 2. Stroke Rates in the 4 Rate vs Rhythm Trials

Trial n

Stroke Rate,
Rate-Control

Trials, %

Stroke Rate,
Rhythm-Control

Trials, % RR (95% CI) P

AFFIRM 4060 5.7 7.3 1.28 (0.95–1.72) 0.12

RACE 522 5.5 7.9 1.44 (0.75–2.78) 0.44

PIAF 252 0.8 0.8 1.02 (0.73–2.16) 0.49

STAF 266 1.0 3.0 3.01 (0.35–25.3) 0.52

Total 5100 5.0 6.5 1.28 (0.98–1.66) 0.08

Data are modified from references 12 through 15 and from Verheught et al, presented at the
American College of Cardiology 52nd Annual Scientific Sessions, Chicago, Ill, March 30 to April 2,
2003.
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patients. Remarkably, the documented recurrence of atrial
fibrillation occurred without symptoms in close to 70% of
these patients.

Among patients with paroxysmal atrial fibrillation, even
“successful” drug therapy may be associated with episodes of
asymptomatic atrial fibrillation. The Suppression of Paroxys-
mal Atrial Tachyarrhythmias (SOPAT) trial was a sister study
to PAFAC.60 The design was similar, except that patients
with paroxysmal arrhythmias (predominantly atrial fibrilla-
tion) were recruited. A total of 1012 patients with symptom-
atic paroxysmal atrial fibrillation were treated with either a
combination of quinidine and verapamil, sotalol, or placebo.
Daily transtelephonic ECG transmissions were performed for
at least 1 minute for a total of �179 000 recordings. Atrial
fibrillation was documented in 13 410 episode recordings
(representing 7% of the total recordings), and fewer than half
of the episodes were associated with symptoms. At the end of
1 year, approximately half of the drug-treated patients had
experienced recurrences of symptomatic arrhythmia or had
discontinued therapy owing to side effects. From these
results, it is clear that antiarrhythmic therapy with these
“classic” class 1A and class 3 agents is poorly effective for
long-term maintenance of sinus rhythm and is associated with
a high proportion of asymptomatic arrhythmia.

Thus, from the standpoint of antithrombotic therapy, clin-
ical trials point to the need for continued warfarin anticoag-
ulation in patients at risk of stroke. Because paroxysmal atrial
fibrillation is as strong a risk factor for embolic stroke as
persistent/permanent atrial fibrillation, warfarin anticoagula-
tion should be continued indefinitely even when antiarrhyth-
mic therapy is used, both because of the likelihood of silent
episodes of paroxysmal atrial fibrillation and because of the
poor long-term efficacy of most antiarrhythmic drugs for the
maintenance of sinus rhythm.

Are There Any Proven Subgroups in Which
Maintenance of Sinus Rhythm Produces Better
Results Than Rhythm Control?
Symptoms may not be the only criterion for restoration of
sinus rhythm, and it has been suggested that in a subgroup of
patients with congestive heart failure, rhythm control may be
superior to rate control. A recent retrospective study may
throw some light on this question. Al-Khatib et al61 per-
formed a retrospective analysis of 1009 patients with atrial
fibrillation and heart failure enrolled in the Duke University
database between 1995 and 2001. All 1009 patients had a
discharge diagnosis of atrial fibrillation along with clinical
evidence of heart failure, some with an ejection fraction of
�50%. Two thirds of the patients had, or had previously had,
severe heart failure, defined as class III or class IV, and 30%
were classified as having nonischemic cardiomyopathy on the
basis of coronary angiography. Although therapy was non-
randomized and based on the preference of the treating
physician, exactly half of the patients fell into the rhythm-
control and rate-control groups, respectively. After adjust-

ment for differences in baseline characteristics and medica-
tions, no significant differences in mortality were found
between patients treated with rhythm control and those
treated with rate control. Thus, within the limitations of a
retrospective study, rhythm control failed to improve survival
even in a group of patients with a high prevalence of severe
congestive heart failure.

Quality of Life and Cost-Effectiveness
The AFFIRM trial primary end point was mortality, and the
end point in RACE was a composite of mortality and serious
events, yet neither trial demonstrated the superiority of
rhythm control over rate control. Mortality and other morbid
end points can be equivalent between 2 treatment strategies,
yet quality of life may be superior in one or the other group.
(Indeed, in some heart failure trials of positive inotropes,
active therapy was associated with a higher mortality yet a
better quality of life.62) Quality of life in the small PIAF study
was assessed by the Medical Outcomes Short Form health
survey (SF-36).63 At baseline, scores on all 8 scales in both
groups were reduced compared with normal subjects. At the
end of the observation period, improvement was seen in both
patient groups, and no difference was found between the rate-
or rhythm-control strategy. The RACE investigators, who
also used the SF-36 survey, obtained a very similar result.64

Thus, no argument can be made that restoration of sinus
rhythm improves quality of life.

In the absence of any proven benefit of a strategy of
attempted restoration of sinus rhythm for a patient with atrial
fibrillation, a comparison of cost-effectiveness of the 2
strategies is of interest. A detailed cost-effectiveness analysis
from the RACE trial has shown the advantage of rate over
rhythm control; the overall strategy of rate control was
cheaper than that of rhythm control, and the cost saving per
avoided end point was calculated as �25 000 Euros.65 The
AFFIRM investigators also performed a cost-effectiveness
analysis. Patients in the rate-control group used fewer re-
sources, such as hospital days, cardioversions, and emergency
department visits. Utilizing a sensitivity analysis, the esti-
mated cost savings per patient treated with rate control ranged
from $2189 to $5481 per person.66 Thus, in contrast to the
absence of a difference in quality of life between the 2
strategies, rate control is a less costly strategy than rhythm
control in the treatment of atrial fibrillation.

Might Catheter Ablation of Atrial Fibrillation
Provide a Better Outcome Than
Antiarrhythmic Therapy?
The criticism of antiarrhythmic drug therapy as the preferred
therapy for atrial fibrillation is based on the side effects of
these drugs. Therefore, if it were possible to maintain sinus
rhythm without the use of antiarrhythmic drugs, might a
primary approach stressing restoration of sinus rhythm be-
come more attractive? Catheter ablation of atrial fibrillation,
more precisely termed catheter-based isolation of the pulmo-
nary veins, is an increasingly used procedure for patients with
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symptomatic arrhythmia. It has been suggested that this
technique is highly successful when performed by experi-
enced operators, although the long-term efficacy is not
perfect, and severe side effects can occur in a small minority
of patients. In a nonrandomized study, Pappone et al67

compared outcomes among 589 patients who had undergone
radiofrequency ablation for atrial fibrillation with outcomes
among 582 patients who had received drug therapy. The
authors suggested that restoration of sinus rhythm by pulmo-
nary venous isolation was associated with a subsequent
survival rate equivalent to age-matched patients in the general
population with atrial fibrillation. In contrast, patients treated
with antiarrhythmic drugs had a worse survival than the same
age-matched population. Although these data raise interesting
questions, it is uncertain whether the 2 populations (ablation
versus drug therapy) are precisely comparable, and it is hard
to accept that they can be extrapolated to the vast majority of
patients with atrial fibrillation. Most patients with atrial
fibrillation have underlying structural heart disease, and on
the basis of that disease alone, they would be anticipated to
have a worse survival than randomly selected age-matched
patients in the general population. This would suggest that the
patients in the study by Pappone et al67 do not represent the
average patient with atrial fibrillation, and on the basis of this
selected, nonrandomized population, it is premature to con-
clude that attempted maintenance of sinus rhythm by radio-
frequency catheter pulmonary venous isolation has a salutary
effect on mortality among patients with atrial fibrillation.
Furthermore, there are few centers in the world that have the
numerical experience with this procedure approaching that of
the group in the study by Pappone et al,67 and it is likely that
the efficacy of the procedure is lower and its side effects are
higher in centers that do not have dedicated, high-volume
electrophysiological expertise.

Does Radiofrequency Ablation Abolish the
Likelihood of Asymptomatic Paroxysmal
Atrial Fibrillation?
As noted above, paroxysmal atrial fibrillation is common
among patients with prior persistent atrial fibrillation or prior
episodes of paroxysmal atrial fibrillation even when sinus
rhythm appears to have been maintained by antiarrhythmic
drugs. For this reason, long-term warfarin is now recom-
mended in most patients who have had 1 or more episodes of
atrial fibrillation and who are considered to be at thrombo-
embolic risk because of age or underlying heart disease. To
date, no studies have evaluated the safety of discontinuing
warfarin after (apparently) successful catheter ablation of
atrial fibrillation. In an attempt to determine whether catheter
ablation abolishes paroxysmal atrial fibrillation, Oral et al68

recorded daily, randomly transmitted 3-minute ECG strips
from 60 patients with a history of paroxysmal atrial fibrilla-
tion who had remained asymptomatic for at least 6 months
after radiofrequency pulmonary vein isolation. Patients trans-
mitted once-daily ECGs for a mean of 25 days and whenever

they experienced symptoms that might represent arrhythmia
recurrence. During the 1-month transmittal period, 7 patients
(12%) developed symptoms and transmitted ECGs, all of
which documented recurrent atrial fibrillation. Only 1 random
asymptomatic transmission documented atrial fibrillation. On
the basis of these results, the authors concluded that asymp-
tomatic atrial fibrillation is uncommon among patients with
paroxysmal atrial fibrillation who have undergone pulmonary
venous ablation and who have remained asymptomatic for at
least 6 months; however, these conclusions are questionable,
because the duration of monitoring (3 minutes every 24
hours) would certainly have missed the vast majority of short
episodes of asymptomatic atrial fibrillation. Furthermore, it is
striking that 12% of subjects developed symptoms of atrial
fibrillation once they had been given a monitor, despite
apparent freedom from symptoms for a mean time greater
than 1 year after ablation. As the authors point out, it is
possible that participation in the clinical trial heightened
patients’ awareness of minor symptoms of atrial fibrillation,
thereby making it more likely that they would transmit a
recording. These observations, in my opinion, point to the
likelihood of ongoing (albeit less symptomatic) episodes of
atrial fibrillation in a significant number of patients after
pulmonary venous ablation and underscore the probable need
for continued anticoagulation in this group despite the clinical
benefit gained from the procedure in terms of improvement of
symptoms.

Ablate and Pace: The Optimal Rate-Controlling
Procedure in Atrial Fibrillation?
Recent data from a trial of patients with an implantable
defibrillator have indicated that permanent right ventricular
pacing is more likely to be associated with the development
of congestive heart failure than when patients are permitted to
remain in sinus rhythm.69 Because right ventricular pacing
may increase left ventricular dyssynergy, and improvement of
LV dyssynergy may decrease heart failure, concern has
recently been expressed about the use of AV nodal ablation
with right ventricular pacing for patients with atrial fibrilla-
tion and a poorly controlled heart rate. A meta-analysis of 21
studies of AV nodal ablation and pacemaker insertion per-
formed for medically refractory atrial tachyarrhythmias (97%
of which were atrial fibrillation) included 1181 patients and
demonstrated improvement in quality of life, treadmill exer-
cise duration, ejection fraction, and New York Heart Asso-
ciation class and showed a decrease in hospital visits.70 Early
concerns about the provocation of fatal polymorphic ventric-
ular tachycardia after this procedure appear to be assuaged by
the authors’ finding of a low mortality on follow-up. As the
authors of this meta-analysis point out, the use of baseline
pacing rates of 80 to 90 bpm for 1 to 2 months after ablation
appears to prevent this uncommon but serious proarrhythmic
complication.

Further evidence that right ventricular pacing does not
worsen left ventricular function in the majority of patients
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with atrial fibrillation comes from the Australian Intervention
Randomized Control of Rate in Atrial Fibrillation Trial
(AIRCRAFT).71 Ninety-nine patients with permanent atrial
fibrillation who had mild to moderate symptoms at the time
of presentation and who also had an ability to successfully
achieve rate control with pharmacological therapy were
randomized to either pharmacological therapy or AV nodal
ablation with right ventricular pacing. Not surprisingly, given
the ability of all patients to achieve adequate pharmacological
rate control and the presence of a mean baseline ejection
fraction of 55% to 57%, exercise time did not differ between
the 2 groups 12 months after randomization. According to the
CAST quality-of-life questionnaire, patients with AV nodal
ablation had a significant improvement in symptoms, but
these results need to be interpreted cautiously because 2 other
“arrhythmia nonspecific questionnaires” showed no differ-
ence in quality of life. Importantly, AV nodal ablation with
pacing did not cause any deterioration in left ventricular
function. Thus, the AIRCRAFT results confirm that pharma-
cological therapy is effective for symptom control and that
rate regularization, such as occurs with ventricular pacing
(and that is one of the purported benefits of sinus rhythm
restoration), may play only a small part in symptom control.
The difference in outcome in terms of quality of life between
the prospective AIRCRAFT trial and the “ablate and pace”
meta-analysis almost certainly represents different patient
populations, with the AIRCRAFT patients being, by virtue of
entrance criteria, less sick than the usual patients who are
considered for ablation and pacing (ie, drug-refractory symp-
tomatic atrial fibrillation, often with a decreased ejection
fraction). For patients with a significantly reduced ejection
fraction and refractory atrial fibrillation and for whom con-
cern still exists that right ventricular pacing may not be the
optimal mode, biventricular pacing, with or without AV
nodal ablation, has been shown to be successful both in terms
of rate control and in improving symptoms and ventricular
function.72,73

Conclusions
Careful analysis of published data to date does not support a
routine strategy of restoration of sinus rhythm in the majority
of patients with atrial fibrillation. Large clinical trials have
consistently shown that ventricular rate control is equally (or
more) effective than rhythm control in terms of survival,
quality of life, and multiple other end points. Currently
available antiarrhythmic drugs have a relatively low efficacy
in maintaining sinus rhythm and have the potential for serious
cardiac and noncardiac side effects, which contrasts with the
low side effect profile and (in the case of �-blockers)
cardioprotective effect of rate-controlling agents. Catheter
isolation of the pulmonary veins is quite effective in skilled
hands in highly selected patients, but it is not proven to
reduce the risk of thromboembolism, and the procedure has
an uncertain long-term efficacy, particularly when episodes
of asymptomatic atrial fibrillation are considered. In contrast,

the well-established ablate-and-pace method for ventricular
rate control in drug-refractory patients is a relatively simple
and very safe procedure that is associated with a clear-cut
improvement in the quality of life in previously symptomatic
patients and that may be associated with an improvement in
ejection fraction in patients with previously poorly controlled
rate and impairment of ventricular function. Thus, in this era
of increasing awareness of the side effects of antiarrhythmic
drugs and the undocumentable benefit of restoration of sinus
rhythm, the physician faced with a patient with atrial fibril-
lation should consider ventricular rate control first to fulfill
the primary precept of all physicians: “First, do no harm.”
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An Argument for Maintenance of Sinus Rhythm in Patients
With Atrial Fibrillation
Peter Zimetbaum, MD

The age-old and common-sense argument that if you
were born in sinus rhythm you should probably try to
remain so has seemingly lost some vigor with the

results of recent randomized studies.1–6 These trials have
convincingly demonstrated that in a select population of
patients, a strategy of rhythm control with antiarrhythmic
drugs confers no mortality benefit over a rate-control strat-
egy. These studies have also demonstrated no quality-of-life

benefit associated with a strategy of maintenance of sinus
rhythm in this patient population.

The question therefore remains, is there any reason to
maintain sinus rhythm? The answer is “yes,” given the
fundamental observation that atrial fibrillation (AF) is an
independent predictor of mortality in virtually every study
that has monitored this end point.7–13 Unselected population-
based studies (most notably, the Framingham Heart Study)

3150 Circulation June 14, 2005



have identified an increased mortality risk associated with
AF, particularly in women.14 The Centers for Disease Control
and Prevention analyzed national and state mortality statistics
for patients with AF in 1999.15 They identified 67 875 deaths
in which AF was a contributing cause, with an age-adjusted
death rate of 24.7/100 000 population. Patients aged �75
years represented 84% of these deaths and those aged �85
years represented 47.4%. Studies of selected populations with
coronary and noncoronary cardiomyopathy, congestive heart
failure, hypertrophic obstructive cardiomyopathy, and sino-
atrial dysfunction have all demonstrated an increased mortal-
ity risk associated with AF.7–13

The Atrial Fibrillation Follow-up Investigation of Rhythm
Management (AFFIRM) study, the largest of the recent trials
of rhythm control compared with rate control, demonstrated a
statistically insignificant trend toward increased mortality in
the rhythm-control arm (Table 1). Excess mortality in the
rhythm-control arm was largely associated with noncardio-
vascular disease.5 Further analysis of this study determined
that the presence of AF at the time of study termination was
a more potent predictor of mortality than treatment strategy.6

This finding suggests that although sinus rhythm is preferable

to AF, our methods of maintaining sinus rhythm may them-
selves contribute to overall mortality.

Why Doesn’t Rhythm Control
Reduce Mortality?

It seems obvious that the maintenance of sinus rhythm should
be associated with reduced mortality. AF is associated with
increased risk of stroke, congestive heart failure, and cardio-
myopathy and may be associated with tachycardia-induced
tachyarrhythmias. Strategies for rhythm control have not
shown a reduction in overall mortality for a multitude of
reasons. These trials have been performed in patient groups at
high risk for stroke but have not mandated the continuation of
anticoagulation. A major contribution of these studies has
been to show the importance of continued anticoagulation
regardless of the use of antiarrhythmic therapy. This imper-
ative likely exists because these medications do not confer
complete suppression of AF. In fact, studies of rhythm
control versus rate control have shown at best a 60%
suppression of AF in the rhythm-control group (Table 1).
Indeed, the Strategies of Treatment of Atrial Fibrillation
multicenter pilot study (STAF), which randomized 200 pa-

TABLE 1. Randomized Trials of Rhythm vs Rate Control

Study n
Age,

y
Follow-Up,

mo

Amiodarone at
Some Point During

Study, %
Sinus

Rhythm, %
Warfarin,

%
Thromboembolic
Complications, %

Mortality,*
%

QOL and Other
Relevant Subgroup

Analyses

AFFIRM1 42 Mortality reduction associated
with sinus rhythm

rather than treatment strategy

Rate control 2027 70�9 10 35 85 6 21

Rhythm control 2033 70�9 70 63 70 7.5 24

RACE2 27 No overall difference. Improved
QOL in patients with
AF-related symptoms

Rate control 256 68�9 NR 10 96–99 5.5 17

Rhythm control 266 68�9 NR 39 86–99 7.9 13

STAF3 22 QOL equivalent.
Majority of adverse events

occurred in patients during AF

Rate control 100 65�9 0 0 NR 0.6 5

Rhythm control 100 66�9 0 NR NR 3.1 2.5

PIAF4 12 No difference in QOL.
Improved 6-minute walk

test in rhythm-control group.

Rate control 125 61�9 0 10 100 NR 1.6

Rhythm control 127 60�10 100 56 100 NR 1.6

Hot Café7 20 Improvement in exercise
capacity and LVEF in
rhythm-control group

Rate control 101 61�18 NR NR 74 1 1

Rhythm control 104 60�11 56 63.5 NR 2.9 2.9

QOL indicates quality of life; NR, not reported; and LVEF, left ventricular ejection fraction.
*No significant difference in any study.
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tients to a strategy of rhythm control versus rate control,
found that all but 1 of the end points of death or thrombo-
embolism reached in the rhythm-control group occurred
during AF.3

The best available agent for rhythm control is amiodarone.
In the Canadian Trial of Atrial Fibrillation, amiodarone was
compared with propafenone and sotalol for suppression of
AF. Amiodarone was associated with a 35% rate of AF
recurrence at 16 months compared with a 63% rate of
recurrence with the other study drugs.16,17 The rates of stroke
and intracranial hemorrhage were less in the amiodarone-
treated group than in the other antiarrhythmic therapies.

Antiarrhythmic medications are also associated with a
significant risk of proarrhythmic and noncardiovascular tox-
icities. The careful use of these medications as demonstrated
in AFFIRM can minimize this risk but does not eliminate it
entirely.17 The problem lies with incomplete data for the
effects of rhythm control in large groups of AF patients not
represented in current clinical studies and the profound
limitations of the tools currently available to maintain sinus
rhythm.

Can We Generalize the Results of Rate Versus
Rhythm Control Trials to All AF Patients?
AF is unlikely to be one disease. It is likely that lone AF in
the 50-year-old male with vagal triggers is a very different
disease in both mechanism and natural history than the same
arrhythmia in a 75-year-old with longstanding hypertension
and congestive heart failure. It seems logical that the apopto-
sis and fibrosis that naturally occur with aging would lead to
different mechanisms of AF that are age dependent. Concom-
itant disease may further complicate the underlying substrate.

Randomized controlled trials have largely represented
patients with at least 1 risk factor for stroke who were
candidates for participation in a randomized trial. In general,
younger patients with lone and highly symptomatic AF, the
elderly over 80 years of age, and those patients with concom-
itant congestive heart failure were not included. These ne-
glected groups constitute a significant proportion of patients
with AF. Lone AF represents 15% to 20% of the AF
population, and those over the age 80 years represent 35%.18

Consequently, at least 50% of the 3.3 million adults who will
have AF in the United States by the year 2025 will not be
represented in the previously cited trials. It is inappropriate to
generalize the results of AFFIRM and other such rhythm-
versus rate-control trials to this large group of patients.
Should we relegate the asymptomatic 50-year-old male with
a normal heart and persistent AF to chronic AF? One could
argue that we won’t make him feel better by restoring sinus
rhythm; however, we may prevent the progressive atrial
remodeling (electrophysiological and anatomic) that occurs
with chronic AF. These chronic changes that occur with the
development of chronic AF will likely disqualify this patient
from or reduce the effectiveness of developing and poten-
tially curative therapies.

Methods for maintenance of sinus rhythm are particularly
important in the elderly. The risk of AF-related stroke
increases with age, with 1 in 4 strokes occurring in those �80
years of age directly attributable to AF.19 The absence of
stroke reduction associated with rhythm control strategies is
likely related to the ineffectiveness of these therapies. Spe-
cifically, all available antiarrhythmic drugs are associated
with at least a 25% to 50% yearly recurrence of AF.16 These
recurrences often occur with a controlled ventricular response
and are asymptomatic. The elderly represent a group both at
high risk of stroke and frequently intolerant of warfarin.
Elderly patients who are started on warfarin therapy at the
time of AF diagnosis frequently have it discontinued owing to
the development of a risk of falls, bleeding, or difficulty with
medication compliance. The effective suppression of AF in
this group may reduce the risk of stroke. The combination of
amiodarone and a pacemaker in the setting of sinoatrial
dysfunction often proves a very effective method of AF
suppression.20

The congestive heart failure population is another under-
represented group in currently analyzed clinical trials. The
increased mortality associated with AF in patients with left
ventricular dysfunction and congestive heart failure has been
demonstrated conclusively.21 Amiodarone has been shown to
reduce mortality in patients with congestive heart failure who
were converted to sinus rhythm in the Congestive Heart
Failure Survival Trial of Antiarrhythmic Therapy (CHF-
STAT) trial.22 A similar finding was demonstrated in the
DIAMOND (Danish Investigation of Arrhythmia and Mor-
tality on Dofetilide) study, in which restoration and mainte-
nance of sinus rhythm with dofetilide in patients with AF and
congestive heart failure was associated with a reduction in
mortality and hospitalization rates.23 In the AFFIRM study,
the subset with preexisting congestive heart failure (23% of
population) demonstrated a trend toward improved mortality
in the rhythm-control arm. The HOT CAFÉ (Rate Control vs
Rhythm Control in Patients With Nonvalvular Persistent
Atrial Fibrillation: The Results of the Polish How to Treat
Chronic Atrial Fibrillation Study) study noted a significantly
increased mean left ventricular fractional shortening in the
rhythm-control group compared with the rate-control group.7

The potential benefits of improved left ventricular function in
the absence of clinical congestive heart failure will likely
require longer follow-up to realize the absolute benefits of
rhythm control. A definitive answer to the question of the
importance of maintaining sinus rhythm in patients with
congestive heart failure should be provided by the Canadian
Atrial Fibrillation and Congestive Heart Failure (AF-CHF)
trial.24

Nonpharmacological Therapies
Nonpharmacological therapies to maintain sinus rhythm rep-
resent the most hopeful option for reducing the mortality and
morbidity of AF. The percutaneous isolation of the pulmo-
nary veins to isolate triggers of AF, in some instances coupled
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with linear lesions to modify the atrial substrate for arrhyth-
mia perpetuation, has proven increasingly successful. It is
premature to call this procedure curative, but rates of signif-
icant reduction in AF frequency approach 70% to 80%25–28

(Table 2). A recent study of pulmonary vein isolation coupled
with left atrial linear lesions in patients with impaired left
ventricular function (left ventricular ejection fraction �45%)
and congestive heart failure reported a 78% rate of sinus
rhythm maintenance at 12 months of follow-up.27 There was
a significant improvement in left ventricular ejection fraction,
a decrease in left ventricular dimensions, and improvement in
exercise capacity and quality of life. These findings were
present in patients regardless of the adequacy of rate control
before ablation, determined by a 48-hour Holter study. This
observation raises the question of whether factors other than
ventricular rate (eg, irregularity of rhythm, loss of atrial
contribution to filling) contribute to congestive heart failure.29

These findings are consonant with results of Pappone et al,25

who showed improved survival and quality of life after
pulmonary vein isolation. Unqualified enthusiasm for the
percutaneous management of AF must be tempered by the
1% risk of stroke, 4% risk of pulmonary vein stenosis, and
development of left atrial–esophageal fistula associated with
this procedure.30,31 The surgical approach to sinus rhythm
maintenance is also rapidly evolving. Variations on the
operative MAZE procedure have consistently demonstrated
80% reductions in the recurrence of AF. This procedure is
generally reserved for patients already undergoing CABG or
valve surgery.32

Costs and Quality of Life
There is no question that we need to reduce the healthcare costs
associated with AF. In a retrospective analysis of 3 federally
funded US databases, approximately 350 000 hospitalizations, 7
million office visits, and 542 000 emergency department visits
were attributable to AF annually.33 Overall, total inpatient and
outpatient costs for AF were approximately $6.42 billion. The
cost analysis of the AFFIRM study found the rate-control
strategy to be more cost-effective than the rhythm-control
strategy.34 A large percentage of the costs comprised hospital
admissions. Improvements in methods for rhythm control that
lead to long-term suppression or cure of AF will undoubtedly
prove cost-effective compared with long-term rate control,
particularly in young individuals. The real cost savings associ-
ated with long-term maintenance of sinus rhythm will be
achieved over decades with reductions in congestive heart
failure and stroke and improvement in function that will translate
into more work days and better quality of life.

There is currently no uniformly accepted AF-specific tool
with which to assess quality of life.35 Application of less
specific tools has in composite demonstrated no improvement
in quality of life in rhythm- versus rate-control studies;
however, the Rate Control versus Electrical Cardioversion
(RACE) study has demonstrated that as with the issue of
mortality, quality of life is better in patients who maintain
sinus rhythm, regardless of which study arm of a protocol
they are assigned.36 Recent data from the Sotalol Amiodarone
Atrial Efficacy Trial (SAFE-T) demonstrated a significant
improvement in quality of life and exercise capacity associ-
ated with the maintenance of sinus rhythm.36a

TABLE 2. Selected Studies of Percutaneous AF Ablation

Site, Study Type N, Patient Type Procedure
Repeat

Procedure, n
Follow-Up,

mo
Success Off

AADs, %
Adverse
Events

QOL/Other
Findings

Milan25 589 PVI NR 30 80 8% Normalized QOL and
reduction in mortality

with ablation

Nonrandomized 589,
PAF and chronic AF,

�2 AAD failures

AAD 42 19%

Michigan26 40 PVI 18 6 67 0 NR

Randomized 40,
PAF

PVI�lines 0 88 0

Bordeaux27 58 with CHF PVI�lines 29 12 �7 69 1 Stroke Improved QOL, LVEF,
CHF irrespective of

heart rate before procedure

Nonrandomized 58 without CHF; PAF
and chronic AF

27 71 1 Pericardial tamponade
in each group

Milan28 280 PVI 28 12 76 4 Pericardial tamponades
(2 per group)

NR

Randomized 280,
PAF and

chronic AF

PVI�lines 11 83

AAD indicates antiarrhythmic drug; QOL, quality of life; PVI, pulmonary vein isolation; NR, not reported; PAF, paroxysmal AF; lines, ablation lines in left atrium (in
addition to pulmonary vein isolation); CHF, congestive heart failure; and LVEF, left ventricular ejection fraction.
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We Need a New Paradigm for the Prevention and
Treatment of AF
Studies demonstrating no survival advantage to sinus rhythm
maintenance over AF must be regarded as an indictment of
our treatments more than a rationale for acceptance of
continuous AF. The fundamental conclusion we should de-
rive from the current state of the debate of rhythm versus rate
control is that we need a new paradigm for our thinking about
patients with AF. First, we need to target prevention. Next,
we need to improve our methods of management to improve
efficacy, safety, and quality of life for patients while reducing
costs to the healthcare system.

Prevention
It is possible that improved management of hypertension will
reduce the number of patients predicted to have AF in the
coming decades. ACE inhibitors and angiotensin II type 1
receptor blockers have been demonstrated to reduce the
development of atrial fibrosis and atrial remodeling.37 In a
pooled analysis of randomized controlled trials of ACE
inhibitors and angiotensin II type 1 receptor blockers, the
incidence of new-onset and recurrent AF was significantly
reduced in patients taking these medications.38 Whether the
use of antialdosterone agents, which have been associated
with decreased atrial fibrosis, will prove to be an additional
preventative therapy needs to be tested.

Better and Safer Medications
There is a need for antiarrhythmic drugs with better efficacy
and greater safety. Current strategies include the development
of antiarrhythmic drugs with effects limited to atrial tissue to
reduce the development of ventricular arrhythmias.39,40 Ge-
netic screening of patients to prospectively identify ion
channel abnormalities that may predispose to proarrhythmic
toxicity of antiarrhythmic medications may prove feasible
and may help direct therapy of AF.

Better Surveillance
Frequent interrogation of atrial diagnostic parameters in
implanted devices can provide information about the fre-
quency and duration of AF recurrences. Ultimately, we will
be able to monitor these device patients on a continuous basis
through wireless technology. Those at high risk for
anticoagulation-related complications or those on the lower-
risk side for stroke who still meet requirements for anticoag-
ulation (eg, 65 years old with treated hypertension) may be
maintained safely with no warfarin but with antiarrhythmic
medications. If recurrences are documented, anticoagulants
can be administered until sinus rhythm is restored. The
development of rapidly acting anticoagulants with efficacy
and safety equivalent to warfarin will make such an approach
very practical. It is likely that for some patients (eg, those
with diffuse atheromatous disease), AF is a marker but not the
sole risk factor for stroke, and anticoagulants should never be
stopped. This approach will need to be tested in a randomized

controlled study but is needed given the limitations of chronic
anticoagulation in this population.

Better and Safer Procedures
Safer and more efficacious refinements of the percutaneous
procedure for AF ablation are under constant development.
New energy sources will likely reduce the risk of pulmonary
vein stenosis and provide more complete electrical isolation
of the pulmonary veins.

A completely epicardial approach to the MAZE procedure
holds great promise. A thoracoscopic-guided procedure with
the avoidance of cardiopulmonary bypass, pulmonary vein
stenosis, and stroke risk associated with an endocardial
catheter-based procedure, coupled with the potential stroke
risk reduction of a left atrial appendectomy, may prove a
successful strategy for AF management.41

Evaluation of Cost-Effective
Management Strategies
We need to test and implement management strategies to
reduce the costs associated with AF. This involves improved
compliance with anticoagulation guidelines to reduce the
incidence of thromboembolic complications. Strategies to
avoid unnecessary hospital admissions for components of AF
management, including cardioversion and antiarrhythmic
drug initiation, have proved safe and highly effective.42–45

As Sir Thomas Lewis noted in 1912, “Most hearts which
develop fibrillation of the auricles maintain this mechanism
to the end of the chapter; it is essentially a chronic and
terminal malady. But from time to time transient attacks are
seen, and in some patients paroxysms of fibrillation of a few
hours, days or weeks duration are noted. The affection, when
it takes this form, is generally classed as paroxysmal
tachycardia.”46 He went on to say, “There is no ailment in
which such success can be achieved, no other cardiac disease
which may be so speedily benefited, as the well-managed
case of auricular fibrillation. As a direct result of active
treatment the moribund may be restored and many years may
be added to their lives.” Sir Lewis was referring to the use of
digoxin for rate control of chronic AF. He did not have high
hopes for the maintenance of sinus rhythm, let alone a
curative solution for AF. Nearly a century later, we have not
improved much on Lewis’ original characterization of AF.
We now recognize the importance of isolated atrial ectopy,
particularly arising from the pulmonary veins in the initiation
of paroxysmal AF.47 We are just beginning the process of
targeting our therapies to the diverse mechanisms of this
disease. The generalization of one management strategy for
AF would represent a step back we should not be willing to
take. Ultimately, a combination of the above strategies may
bring us full circle to what our common sense has always told
us: if you were born in sinus rhythm, you should probably try
to remain so.
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Response to Zimetbaum
Rodney H. Falk, MD, FRCP

“He thought he saw an argument that proved he was the
Pope, he looked again and found it was a mottled bar of
soap.”

Lewis Carroll, “The Mad Gardener’s Song”

As in the poem above, my opponent’s arguments do
not bear up to careful scrutiny. “Common sense”
may decree that being born in sinus rhythm is a

reason to try and remain in it, but the era of controlled clinical
trials is littered with discarded common sense arguments,
from the idea that suppression of ectopic beats would de-
crease sudden death risk1 to the concept that positive inotro-
pic drugs decrease mortality in heart failure.2,3 So it is now
with atrial fibrillation. The controlled trials have consistently
demonstrated no benefit of attempts to maintain sinus rhythm
over rate control in any primary or secondary end point
evaluated.

Studies demonstrating that atrial fibrillation is associated
with an increased mortality4 do not prove that restoration of
sinus rhythm will reduce mortality. Rather, they suggest that
atrial fibrillation is a marker of more severe disease, as
underscored by the observation that atrial fibrillation during
an acute myocardial infarction is associated with a higher
1-year mortality rate than among those never experiencing
the arrhythmia, despite the fact that most patients revert to
sinus rhythm before hospital discharge.5 Drawing conclusions
from uncontrolled studies is also unreliable, as has repeatedly
been learned when controlled trials have overturned firmly
held beliefs.6,7 With regard to heart failure, described as an

“underrepresented group,” the AFFIRM results clearly show
no benefit of a strategy of rhythm control in 939 heart failure
patients, whereas those without heart failure had a statistically
significant better survival in the rate-control group, as did,
among others, patients with coronary artery disease and those
over age 65 years.8 Thus, although there are some highly
symptomatic patients with atrial fibrillation who may benefit
from restoration of sinus rhythm, the majority can, and
probably should, be allowed to remain in atrial fibrillation
with adequate anticoagulation unless future data tell us
otherwise.
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Response to Falk
Peter Zimetbaum, MD

The debate of rhythm compared with rate control for
atrial fibrillation is born from antiarrhythmic therapies
with poor efficacy and high rates of adverse effects.

As Dr Falk points out, in select populations (representing
�50% of the atrial fibrillation population), randomized data
have failed to define a mortality, cost-savings, or quality-of-
life advantage to a strategy of sinus rhythm maintenance.
These studies have clearly found that the presence of sinus
rhythm (regardless of the strategy) is associated with a lower
mortality than the presence of atrial fibrillation. It is not
surprising that quality-of-life measures have not identified an
advantage to sinus rhythm maintenance strategies. It is likely

that most patients with severe atrial fibrillation–related symp-
toms would not be referred for enrollment in a study with
randomization to rate control. In RACE, patients with atrial
fibrillation–related symptoms had improved quality of life in
the rhythm-control arm. Importantly, we have not yet vali-
dated a quality-of-life tool with sufficient specificity for atrial
fibrillation to fully evaluate this critical issue in the diverse
populations of atrial fibrillation patients. The controversy
surrounding this issue should be viewed as a call to improve
our methods of prevention and therapy not as a justification to
accept rate control as a final common pathway for all patients
with atrial fibrillation.
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