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Aims To systematically assess the risk/benefit ratio of a rate-control strategy vs. a rhythm-control strat-
egy in patients with first or recurrent atrial fibrillation (AF).

Methods and results We searched Medline, CENTRAL, and other sources up to September 2004 for ran-
domized trials. Individual and pooled random-effect odd ratios (OR) and 95% confidence intervals (Cl)
[OR (95% CI)] were calculated for the combined endpoint of all cause death and thromboembolic
stroke (CEP), major bleeds (intra and extracranial), and systemic embolism. Number needed to treat
(NNT) to avoid one CEP and heterogeneity were also assessed. Five studies enrolling 5239 patients
with AF compared rate-control vs. rhythm-control. Average follow-up ranged from 1 to 3.5 years. A
rate-control strategy compared with a rhythm-control approach was associated with a significantly
reduced risk of CEP [OR 0.84 (0.73, 0.98), P=0.02], and with a trend towards a reduced risk of
death [OR 0.87 (0.74, 1.02), P=0.09] and thromboembolic stroke [OR 0.80 (0.6, 1.07), P=0.14].
NNT to save one CEP was 50. There was no significant difference in the risk of major bleeds [OR 1.14
(0.9, 1.45), P =0.28] and systemic embolism [OR 0.93 (0.43, 2.02), P = 0.90]. No significant heterogen-
eity was found in any of the analyses (P> 0.1).

Conclusion This meta-analysis of 5239 patients with AF indicates that an initial rate-control strategy
compared with a rhythm-control one is associated with a better prognosis, thus representing the stan-
dard treatment against which to test new therapeutic approaches.

Introduction

AF is the most common sustained rhythm disturbance and its
prevalence is increasing worldwide because of progressive
aging of the population.” AF can occur in the presence or
in the absence of structural heart diseases. Notably, myocar-
ditis confined to atria was demonstrated in some cases of
‘lone AF’.2

Morbidity, mortality, and management costs are related to
haemodynamic impairment and to thromboembolic events.
In particular, a two- to three-fold increase of stroke has
been observed with each decade of age.® Thus, the goal of
treatment is to reduce symptoms and risk of thromboem-
bolic events and to avoid tachycardia-induced unfavourable
myocardial remodelling. Some authors propose that regain-
ing sinus rhythm may reduce the risk of bleeding associated
with anticoagulation and re-establish a physiologic cardiac
function. On the other hand, advocates of a simple rate-
control approach associated with an accurate antithrombo-
tic regimen propose that such a strategy may avoid the
pro-arrhythmic risk of antiarrhythmic drugs.

* Corresponding author. Tel: +39 6 3540 0145; fax: +39 6 305 5535.
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The present meta-analysis was conducted to systemati-
cally assess the risk/benefit ratio of a rhythm-control strat-
egy vs. a rate-control approach in patients with AF.

Methods

Search strategy

BioMedCentral, CENTRAL, Current Contents, MEDLINE, and mRCT
were searched up to January 2005 for eligible studies, using the
terms ‘rate’, ‘rhythm’, ‘control’, and ‘AF’. MEDLINE was queried
according to established methods,* and no language restriction
was applied. Pertinent reviews®® were manually sought for data
not available in the original papers.

Selection criteria

Inclusion criteria for retrieved studies were (i) comparison of a ven-
tricular rate-control strategy by means of pharmacologic therapy vs.
restoration and maintenance of sinus rhythm by pharmacologic or
electrophysiologic means, (ii) randomized treatment allocation,
and (iii) inclusion of patients with first or recurrent AF, and (iv)
intention-to-treat analysis. Exclusion criteria were (i) equivocal
treatment allocation process, (ii) severe imbalances in major base-
line characteristics among study groups, and (iii) incomplete (<80%)
follow-up.

© The European Society of Cardiology 2005. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org
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Data abstraction and validity assessment

Data abstraction was independently performed by two unblinded
reviewers (L.T., G.G.L.B.Z). Divergences were resolved by consen-
sus. The outcomes of interest were (i) the combined rate of all
cause death or thromboembolic stroke, (ii) the rate of all cause
death and thromboembolic stroke taken individually, (iii) the rate
of major bleeds (intracranial or extracranial), and (iv) the rate of
systemic embolism. Endpoint definitions were those of the individ-
ual studies included in the final analysis.

Data analysis and synthesis

Random effect OR and 95% confidence intervals (Cl) [OR (95% Cl)]
were obtained for the combined endpoint of all cause death and
thromboembolic stroke (CEP), for major bleeds (intracranial and
extracranial) and for the single endpoints of all cause death, throm-
boembolic stroke, intracranial bleeds, extracranial bleeds, and sys-
temic embolism. Power and number needed to treat (NNT, with 95%
Cl) were extrapolated from pooled random effect risk differences.
Statistical analysis was performed using the RevMan 4.2 freeware
package.® Review Manager is a comprehensive statistical and
reviewing program, developed and maintained by the Cochrane
Collaboration, which includes ad hoc statistical tools for pooled esti-
mate calculations, according to several methods.® Binary outcomes
from individual studies were combined with the Der Simonian and
Laird random effect model.'® To assess dispersion of estimates 95%
Cl were also used as summary statistics.'®

We also carried out the ‘z’ test with z = estimated effect size/
standard error of the estimated effect size, and the OR
considered on the log scale.” As log(OR) has a unimodal distri-
bution, the reported z values were analysed to obtain a
two-tailed ‘P’, and hypothesis testing results were considered stat-
istically significant at the 0.05 level."®

Heterogeneity was assessed by means of Cochran Q heterogeneity
test and considered significant when P < 0.10."" Inconsistency (/%)
was also ascertained, where I? represents an estimate of the
degree of inconsistency among studies with scores of 25, 50, and
75% representing, respectively, low, moderate, or high
inconsistency. "

This study is inspired by good practice guidelines, including
those from the Cochrane Collaboration, and the Quality of
Reporting of Meta-analyses (QUORUM) statement.™

12,13

Results
Search results and study selection

Database searches retrieved 319 citations. Most papers were
excluded because of non-randomized design, duplicate
reporting or still ongoing.''® We finally identified five eli-
gible randomized trials'”’ %' which were appraised for data
abstraction. Quality assessment according to the Cochrane
Collaboration approach was largely non-contributory (one
study?® with A grade and four studies'’~">?" with B and C
grades), mostly because of study design limitations inherent
to a comparison of therapeutic strategies which cannot be
conducted blindly.

Study characteristics

The eligible studies randomized a total of 5239 patients with
first or recurrent AF involving 16 207 patient-years.

The Pharmacological Intervention in AF (PIAF) trial'”
enrolled 252 patients with persistent AF lasting up to 360
days. Exclusion criteria were NYHA Class IV heart failure,
unstable angina, acute myocardial infarction within 30
days, ventricular rate <50 b.p.m in AF, sick sinus syndrome,

Wolf Parkinson White (WPW) syndrome, coronary artery by-
pass grafting or valve replacement within 3 months, intra-
cardiac thrombi, central or peripheral embolization within
6 months, dysthyroidism, previously implanted pacemaker,
contraindications to oral anticoagulants, and pregnancy. In
the rate-control arm, diltiazem was used while restoration
and maintenance of synus rhythm was obtained using amio-
darone or electrical cardioversion as first intervention, fol-
lowed by various other antiarrhythmic drugs. The length of
follow-up was 1 year. The primary endpoint of the study
was improvement in symptoms related to AF.

The Strategies of Treatment of AF (STAF) study'® enrolled
200 patients with persistent AF. Exclusion criteria were per-
manent AF lasting over 2 years, >70 mm left atrial size, left
ventricular ejection fraction (LVEF) <20%, paroxysmal AF,
WPW syndrome, and prior atrioventricular node ablation.
In the rate-control arm beta-blockers, digitalis, calcium
antagonists, or atrioventricular node ablation/modification
with or without pacemaker implantation were used. In the
rhythm-control arm, patients were to be cardioverted by
external or internal cardioversion; after restoration of
sinus rhythm, prophylaxis was performed with class | anti-
arrhythmic drugs or sotalol, in the absence of coronary
artery disease (CAD) and in the presence of normal LVEF,
whereas in the presence of impaired ventricular function
or CAD, beta-blockers or amiodarone were used. Follow-up
was of 1.7 4+ 0.7 years. Primary endpoint was the combined
rate of death, cardiopulmonary resuscitation, cerebrovascu-
lar events, and systemic embolism.

The RACE study'® enrolled 522 patients with persistent AF
after an initial attempt of electrical cardioversion. Exclusion
criteria were transient AF or lasting > 1 year, NYHA Class IV
heart failure, previously implanted pacemaker, severe sys-
temic disease, and past therapy with amiodarone. Rate-
control was achieved using digitalis, calcium antagonists,
and beta-blockers alone or in combination. Rhythm-control
was obtained with electrical cardioversion without previous
treatment with antiarrhythmic drugs. Thereafter, sotalol
was used for prophylaxis. At the first recurrence of AF, elec-
trical cardioversion was repeated and sotalol replaced by
flecainide. In the presence of a recurrence within 6
months, another cardioversion was performed and flecainide
replaced by amiodarone. Follow-up length was 2.3 + 0.6
years. The primary endpoint was a composite of cardiovas-
cular death, heart failure, thromboembolic complications,
bleeding, implantation of a pacemaker, and severe adverse
effects of drugs.

The AFFIRM study?® enrolled 4060 patients with first or
recurrent, paroxysmal or persistent, AF at high risk for
stroke. Risk factors for stroke were hypertension, diabetes
mellitus, congestive heart failure, prior transient ischaemic
attack, cerebrovascular accident, prior systemic embolism,
left atrial size of >50 mm, and LVEF <40%. Patients with
contraindications to oral anticoagulant therapy were
excluded. Digitalis, calcium antagonists, and beta-blockers
alone or in combination were the drugs accepted in the
rate-control arm; the goal was a heart rate not higher
than 80 b.p.m at rest and 110 b.p.m during the 6-min walk
test. In the rhythm-control arm the antiarrhythmic drug
was chosen by the treating physician; acceptable drugs
were amiodarone, disopyramide, flecainide, moricizine,
procainamide, propafenone, quinidine, sotalol, and their
combination according to an imposed protocol; attempts
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Study characteristics

Table 1

Drugs in

Follow-up
(years)

Individual study end points

Male

Mean age
(years)

Rhythm-control
strategy

Rate-control
strategy

No. of
pts

rhythm-control arm

sex (%)

Amiodarone

Improved symptoms

73

61.5

127

125
100

252
200

PIAF?3

Sotalol, amiodarone, class |

1.7

63.5 All cause death, cerebrovascular events,

65.8

100

STAF?#

antiarrhythmicdrugs
Flecainide, propafenone,

cardiopulmonary resuscitation, systemic embolism
Cardiovascular death, hospitalisation for heart failure,

2.3

266 68 63.5

256

522

RACE?®

amiodarone

thromboembolic complications, major bleeding,

pacemaker implantation, severe adverse effect of therapy

Overall mortality

Amiodarone, disopyramide,

3.5

3

61

69.7

2033

4060 2027

AFFIRM?®

flecainide, moricizine,
procainamide, propafenone,

quinidine, sotalol and their

combination
Amiodarone

1

Overall mortality, thromboembolic stroke, bleeds, exercise

5.3

6

60.8

104

205 101

HOT CAFE?’

tolerability, re-hospitalization, complications due to drugs,

to maintain rhythm-control could include cardioversion.
Mean follow-up length was 3.5 years. The primary endpoint
was overall mortality, but several other clinical endpoints
were reported.

The HOT CAFE study?' enrolled 205 patients with a mean
duration of AF of 273 + 112.4 days. Exclusion criteria were
contraindications to treatment with antiarrhythmic drugs,
arrhythmias associated with a reversible condition, thyroid
dysfunction, pregnancy or lactation, myocardial infarction
within 3 months, acute myocarditis, cardiac surgery, NYHA
Class IV heart failure, severe systemic hypertension not
responding to treatment, hypotension, history of transient
ischaemic attack, haemorrhagic or ischaemic stroke, any
mitral stenosis or other valve disease suitable for surgical
intervention, R-R intervals exceeding 3s, ventricular
response to AF <90b.p.m (unrelated to drugs used to
reduce ventricular rate), bundle branch block or QT interval
prolongation, alcoholism, contraindications to anticoagula-
tion therapy, liver, kidney or central nervous system
damage, advanced chronic lung disease or any non-cardiac
illness associated with a life expectancy of <1 year, and par-
ticipation in other studies. In the rate-control arm, beta-
blockers, calcium antagonists, and digoxin alone or in com-
bination were allowed. All patients randomized to rhythm-
control strategy were treated with electrical cardioversion
and subsequent antiarrhythmic drugs. Follow-up length
was 1.7 + 0.4 years. The primary endpoint was a composite
of death from any cause, thromboembolic complications
(especially disabling stroke), and intracranial or other
major haemorrhages.

Overall results

The baseline study characteristics are summarized in
Table 1. Average age across all studies was 65.1 years,
65.3% of patients were male, 29.9% of patients had history
of coronary artery disease, and 52.7% of patients had arter-
ial hypertension. The mean duration of follow-up was 1.9
years. Not all studies reported the exact number of patients
with previous cerebrovascular accident or history of dia-
betes mellitus.

Although the funnel plot (Figure 1) might suggest a poss-
ible publication bias [given the greater standard error (log
OR) for OR farthest from 1] no individual study achieved

SE (log OR)
T0.0
» AFFIRM
RACE ®
+0.4
SSTAF
+0.8
*piaF
o HOTCAFE'
1.2
1.6
0.1 02 0.5 1 2 10

5
QOdd ratic

Figure 1 Funnel plot of included studies for the CEP. Although the funnel
plot might suggest a possible publication bias [given the greater Standard
Error (log OR) for OR farthest from 1], none of the individual studies achieved
statistical significance for the CEP, thus excluding the possibility of publi-
cation bias.
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Study Rate control Rhythm control) OR (random) Weight OR (random)
or sub-category n/N n/N 95% CI % 85% CI
AFFIRM 388/2027 438/2033 i 89.86 0.86 [0.74, 1.00]
HOTCAFE’ 1101 6/104 —— 0.46 0.16 [0.02, 1.38]
PIAF 2125 4127 — 0.72 0.50[0.09, 2.78]
RACE 24/256 32/266 — 6.72 0.76 [0.43, 1.32]
STAF 9/100 9/100 s 2.24 1.00 [0.38, 2.63]
Total (95% Cl) 2609 2630 ‘ 100.00 0.85[0.73, 0.98]
Total events: 424 (Rate control), 489 (Rhythm control)
Test for heterogeneity: Chi2=2.9?, df=4 (P=0.56), P=0%
Test for overall effect: Z=2.24 (P=0.03)

01 02 05 1 2 5 10

Rate control better Rhythm control better

Figure 2 Single and pooled OR for the CEP. The rate-control approach is associated with a statistically significant lower rate of the combined endpoint compared

with the rhythm-control strategy.

Study Rate control Rhythm control OR (random) Weight OR (random)
or sub-category n/N n/N 95% CI % 85% CI
AFFIRM 126/2027 113/2033 -i 76.60 1.13[0.87, 1.46]
HOTCAFE’ 5101 0/104 —1— 112 11.91[0.65,218.28]
PIAF 0125 1127 ¢ 0.92 0.34[0.01, 8.33]
RACE 12/256 9/266 == 11.48 1.40[0.58, 3.39]
STAF 8/100 11/100 T— 9.87 0.70[0.27, 1.83]
Total (95% Cl) 2609 2630 ’ 100.00 1.12[0.82, 1.53]
Total events: 151 (Rate control), 134 (Rhythm control)
Test for heterogeneity: Chi®=4.26, df=4 (P=0.37), [°=6.1%
Test for overall effect: Z=0.72 (P=0.47)

0102 051 2 5 10

Rate control better Rhythm control better

Figure 3 Single and pooled OR for major bleeds (intracranial and extracranial). There is no significant difference between the two strategies for the risk of

major bleeds.

statistical significance for the CEP. A rate-control strategy
compared with a rhythm-control approach was associated
with a significantly lower risk of the CEP [OR 0.85 (0.73,
0.98), P=0.03] (Figure 2). There was a non-significant
trend towards a reduced risk of the single endpoint of
death [OR 0.87 (0.74, 1.02], P=0.09) and thromboembolic
stroke [OR 0.8 (0.6, 1.07), P=0.14]. Rate-control vs.
rhythm-control yielded a favourable risk difference for the
CEP of —0.02 [(—0.04, —0.01), P=0.006], resulting in an
NNT of 50. NNT to avoid one death was 50 and to avoid
one thromboembolic stroke 100. These findings imply that
allocation of 1000 patients to a rate-control approach vs.
a rhythm-control strategy, would avoid 20 deaths and 10
thromboembolic strokes per year.

Rate- and rhythm-control strategies were associated with

similar rates of major bleeds [OR 1.12 (0.82, 1.53),
P=0.47] (Figure 3), intracranial bleed [OR 1.16
(0.64,2.10), P=0.6], extracranial bleed [OR 1.09

(0.94,1.41), P=0.5], and systemic embolism [OR 0.93
(0.43, 2.02), P=0.90].

No significant heterogeneity was found in any of the ana-
lyses (P > 0.17), thus confirming the robustness and validity
of the present quantitative overview. Moreover, no relevant

inconsistency (I? < 25%) was found in all of the present ana-
lyses except for the endpoint of thromboembolic stroke,
which showed moderate inconsistency (/% > 50%).

In the three studies enrolling patients with a mean age
>65'82% and in the two studies with a mean follow-up
>20 months and a mean age >65,'>?° the rate-control strat-
egy was associated with a significant reduction in the risk of
the CEP, with an OR of 0.86 [0.74, 0.99], (P=0.04,
NNT =50, Figure 4) and an OR of 0.85 (0.74, 0.99)
(P=0.04, NNT =50, Figure 5), respectively, in the
absence of a significant increase in the risk of major bleeds.

Notably, in the three studies with a mean follow-up <20
months, '’ 82" independently of age, rate-control strategy
is associated to a strikingly lower risk of thromboembolic
stroke [OR 0.18 (0.04, 0.82), P=0.03] with an NNT of 33
(Figure 6).

Discussion

This meta-analysis shows that, in patients with first or recur-
rent AF, a rate-control strategy compared with a rhythm-
control approach, ensures a reduction of the combined
rate of all cause death and thromboembolic stroke with an
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Study Rate control Rhythm control OR (random) Weight OR (random)
or sub-category n/N n/N 95% Cl %o 95% CI

AFFIRM 380/2027 438/2033 -ll 90.93 0.86 [0.74, 1.00]
RACE 24/256 32/266 —_— 6.80 0.76 [0.43, 1.32]
STAF 9/100 9/100 — 2.27 1.00 [0.38, 2.63]
Total (95% Cl) 2383 2399 .’ 100.00 0.86 [0.74, 0.99]

Total events: 421 (Rate control), 479 (Rhythm control)

Test for heterogeneity: Chi® = 0.29, df = 2 (P = 0.86), I* = 0%

Test for overall effect: 2= 2.07 (P=0.04)

0.2

0.5 1 2 5

Rate control better Rhythm control better

Figure 4 Single and pooled OR for the CEP in the three studies with a mean age > 65 years. The rate-control approach confirms its superiority in reducing the risk

of the combined endpoint.

Study Rate control Rhythm control OR (random) Weight OR (random)
or sub-category n/N n/N 95% Cl %o 95% CI

AFFIRM 388/2027 438/2033 I.l 93.04 0.86 [0.74, 1.00]
RACE 24/256 32/266 —_— 6.96 0.76 [0.43, 1.32]
Total (95% Cl) 2283 2299 ‘ 100.00 0.85 [0.74, 0.99]

Total events: 421 (Rate control), 470 (Rhythm control)

Test for heterogeneity: Chi® = 0.19, df = 1 (P = 0.66), I = 0%

Test for overall effect: 2= 2.09 (P=0.04)

0.2

0.5 1 2 5

Rate control better Rhythm control better

Figure 5 Single and pooled OR for the CEP in the two studies with a follow-up >20 months and a mean age >65years. The rate-control approach shows a

reduced risk of the combined endpoint.

Study Rate control Rhythm control OR (random) Weight OR (random)
or sub-category niN n/N 95% ClI % 95% ClI

HOTCAFE' 0/101 3104 — 26.02 0.14 [0.01, 2.80]
PIAF 0/125 2/127 —— 24.83 0.20 [0.01, 4.21]
STAF 1/100 5100 —F— 4915 0.19 [0.02, 1.67]
Total (95% ClI) 326 331 .‘. 100.00 0.18 [0.04, 0.82]

Total events: 1 (Rate control), 10 (Rhythm control)
Test for heterogeneity: Chi® = 0.03, df =2 (P=0.98), IF = 0%
Test for overall effect: Z=2.22 (P = 0.03)

0.01

0.1 1 10 100

Rate control better Rhythm control better

Figure 6 Single and pooled OR for stroke in the two studies with a mean follow-up <20 months, independently of age. The rate-control approach strikingly

reduces the risk of thromboembolic stroke.

NNT of 50. More specifically, the NNT by rate-control to save
one all cause death was 50 and to save one thromboembolic
stroke was 100, in the absence of significant heterogeneity
and inconsistency. A rate-control strategy confirmed its
superiority in the studies with older patient or longer
follow-up.

The present analysis refers to patients with a mean age
superior to 60, thus our findings cannot be extrapolated to
younger patients. Furthermore, the available data from

included studies do not include patients with WPW syn-
drome, those who had previously undergone heart surgery,
or those with NYHA Class IV heart failure. Of note, one
study?® enrolled ~80% of the total population examined in
this meta-analysis; this study?® failed to demonstrate that
the superiority of one over the other strategy in reducing
the CEP.

AF is a growing public health problem and its increasing
prevalence in industrialized countries imposes an every
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growing economic burden. Although there are clear guide-
lines for the acute management of symptomatic AF," the
best long-term approach for patients with first or recurrent
AF is still debated with regard to quality of life,?2?3 risk of
new hospitalizations, and possible disabling complications,
such as thromboembolic stroke, major bleeds, and death.

Two post hoc analyses of the AFFIRM study’s population
explored, respectively, the cause specific mortality,?* and
the relation among sinus rhythm, treatment, and survival.?®
In the first analysis, the investigators reported that the
trend toward a lower total mortality in the rate-control
vs. the rhythm-control group was entirely explained by
non-cardiovascular deaths.?* At multivariate analysis, sig-
nificant predictors of non-cardiovascular death were
rhythm-control strategy, age, male gender, previous
smoking history, heart failure, and coronary heart disease.
In the second, the authors analysed the time dependent pre-
dictors of all cause death. The presence of sinus rhythm and
warfarin therapy were inversely associated, whereas digoxin
and antiarrhythmic drugs were directly associated, with
increased mortality after adjustment for other covariates.?’
Taken together, the findings of these analyses suggest that
antiarrhythmic drugs may improve prognosis if they
succeed in pursuing sinus rhythm, but this potential advan-
tage has to be weighted against various non-cardiovascular
adverse effects.

Notably, the most common drug used in the rhythm-
control strategy was amiodarone' %' which some studies
found to be associated with an increased risk of non-
cardiac mortality?®?® although other studies failed to
confirm this association.??3° On the other hand, warfarin
(more frequently and constantly used in patients random-
ized to a rate-control strategy) has been found to have an
unexpected beneficial effect on the extent of metastatic
spread and on the hypercoagulable state often associated
with malignancies.®' Furthermore, oral anticoagulants
might allow an earlier detection of cancer by facilitating
cancer-related bleeding.>"

The trend towards a reduction of thromboembolic stroke
in patients randomized to a rate-control strategy is probably
related to a more frequent and prolonged utilization of oral
anticoagulants. Moreover, the risk of stroke associated with
electrical cardioversion is not entirely abolished by anticoa-
gulation, which might explain the early striking excess of
stroke in patients randomized to a rhythm-control strategy.
It is conceivable that new and safer antiarrhythmic agents,
associated with careful and prolonged anticoagulation,
may, in future, show superiority of a rhythm-control strategy
when compared with rate-control approach, especially if
these agents are more effective than the currently
available ones in improving cardiac performance through
sinus rhythm restoration. Nonetheless, based on current
evidence, our study suggests that a rate-control strategy rep-
resents the standard strategy against which to test new
therapies, such as circumferential pulmonary vein ablation
associated or not with oral anticoagulants.?

Acknowledgement

The present study is part of on ongoing training project of the
Center for Overview, Meta-analysis and Evidence-based medicine
Training (COMET), based in Rome, lItaly.

References

1. Fuster V, Ryden LE. 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
and policy conferences (Committee to Develop Guidelines for the
Management of Patients With Atrial Fibrillation). J Am Coll Cardiol
2001;38:1235-1265.

2. Frustaci A, Chimenti C, Bellocci F, Morgante E, Russo MA, Maseri
A. Histological substrate of atrial biopses in patients with lone atrial
fibrillation. Circulation 1997;96:1180-1184.

3. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk
factor for stroke: the Framingham Study. Stroke 1991;22:983-988.

4. Biondi Zoccai GG, Agostoni P, Abbate A, Testa L, Burzotta F. A simple hint
to improve Robinson and Dickersin’s highly sensitive PubMed search strat-
egy for controlled clinical trials. Int J Epidemiol 2005; doi: 10.1093/ije/
dyh311 (e-pub ahead of print).

5. Boos CJ, Carlsson J, More RS. Rate or rhythm control in persistent atrial
fibrillation? Q J Med 2003;96:881-892.

6. Wyse DG. Some recent randomized clinical trials in the management of
atrial fibrillation. J Interv Cardiac Electr 2003;9:223-228.

7. Chung MK. Randomized trials of rate vs rhythm control for atrial fibrilla-
tion. J Interv Cardiac Electr 2004;10:45-53.

8. Wijffels MC, Crijns HJ. Rate versus rhythm control in atrial fibrillation.
Cardiol Clin 2004;22:63-69.

9. Review Manager 4.2.2. The Cochrane Collaboration. http://www.
cochrane.org/*** (30 Dec 2003)

10. Clarke M, Oxman AD, eds. Cochrane Reviewers’ Handbook 4.1.3 (updated
June 2001). In: The Cochrane Library, Issue 3, 2001. Oxford, UK: Update
Software. Updated quarterly.

11. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ 2003;327:557-560.

12. Biondi-Zoccai GGL, Testa L, Agostoni P. A practical algorithm for systema-
tic reviews in cardiovascular medicine. Ital Heart J 2004;5:486-487.

13. Biondi-Zoccai GGL, Agostoni P, Abbate A. Parallel hierarchy of scientific
studies in cardiovascular medicine. Ital Heart J 2003;4:819-820.

14. Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF, for the
QUORUM Group. Improving the quality of reports of meta-analyses of ran-
domised controlled trials: the QUORUM statement. Lancet
1999;354:1896-1900.

15. Yamashita T, Ogawa S, Aizawa Y, Atarashi H, Inoue H, Ohe T, Okumura K,
Kato T, Kamakura S, Kumagai K, Kurachi Y, Kodama |, Koretsune Y,
Saikawa T, Sakurai M, Sugi K, Nakaya H, Nakayama T, Hirai M, Fukatani
M, Mitamura H, Yamazaki T; J-RHYTHM Investigators. Investigation of
the optimal treatment strategy for atrial fibrillation in Japan. Circ J
2003;67:738-741.

16. Rationale and design of a study assessing treatment strategies of atrial
fibrillation in patients with heart failure: The Atrial Fibrillation and
Congestive Heart Failure (AF-CHF) trial. Am Heart J 2002;144:597-607.

17. Hohnloser SH, Kuck KH, Lilienthal J. Rhythm or rate control in atrial fibril-
lation. Pharmacological intervention in atrial fibrillation (PIAF):
Arandomized trial. Lancet 2000;356:1789-1794.

18. Carlsson J, Miketic S, Windeler J, Cuneo A, Haun S, Micus S, Walter S,
Tebbe U; STAF Investigators. Randomized trial of rate-control versus
rhythm-control in persistent atrial fibrillation: the Strategies of
Treatment of Atrial Fibrillation (STAF) study. J Am Coll Cardiol
2003;41:1690-1696.

19. Van Gelder IC, Hagens VE, Bosker HA, Kingma JH, Kamp O, Kingma T, Said
SA, Darmanata JI, Timmermans AJ, Tijssen JG, Crijns HJ, Rate Control
versus Electrical Cardioversion for Persistent Atrial Fibrillation Study
Group. A comparison of rate control and rhythm control in patients
with recurrent persistent atrial fibrillation. N Engl J Med
2002;347:1834-1840.

20. Wyse DG, Waldo AL, DiMarco JP, Domanski MJ, Rosenberg Y, Schron EB,
Kellen JC, Greene HL, Mickel MC, Dalquist JE, Corley SD, Atrial
Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM)
Investigators. A comparison of rate control and rhythm control in patients
with atrial fibrillation. N Engl J Med 2002;347:1825-1833.

21. Opolski G, Torbicki A, Kosior D, Szulc M, Zawadzka M, Pierscinska M,
Kolodziej P, Stopinski M, Wozakowska-Kaplon B, Achremczyk P,
Rabczenko D. Rhythm control versus rate control in patients with persist-
ent atrial fibrillation. Results of the HOT CAFE Polish Study. Kardiol Pol
2003;59:1-16.

22. Gronefeld G, Lilienthal J, Kuck K, Hohnloser S. Impact of rate versus
rhythm control on quality of life in patients with persistent atrial



2006

L. Testa et al.

23.

24.

25.

26.

27.

fibrillation: results from a prospective randomized study. Eur Heart J
2003;24:1430.

Levy T, Walker S, Mason M, Spurrell P, Rex S, Brant S, Paul V.
Importance of rate control or rate regulation for improving exercise
capacity and quality of life in patients with permanent atrial fibrillation
and normal left ventricular function: a randomised controlled study.
Heart 2001;85:171-178.

The AFFIRM investigators. Relationships between sinus rhythm, treat-
ment, and survival in the atrial fibrillation follow up investigation of
rhythm  management  (AFFIRM) study.  Circulation  2004;30;
109:1509-1513.

Steinberg JS, Sadaniantz A, Kron J, Krahn A, Denny DM, Daubert J,
Campbell WB, Havranek E, Murray K, Olshansky B, O’Neill G, Sami M,
Schmidt S, Storm R, Zabalgoitia M, Miller J, Chandler M, Nasco EM,
Greene HL. Analysis of cause-specific mortality in the Atrial Fibrillation
Follow-up Investigation of Rhythm Management (AFFIRM) study.
Circulation 2004;27;109:1973-1980.

Julian DG, Camm AJ, Frangin G, Janse MJ, Munoz A, Schwartz PJ, Simon
P. Related Articles, Links. Randomised trial of effect of amiodarone on
mortality in patients with left-ventricular dysfunction after recent myo-
cardial infarction: European Myocardial Infarct Amiodarone Trial (EMIAT)
Investigators. Lancet 1997;349:667-674.

Causes of death in the Antiarrhythmics Versus Implantable Defibrillators
(AVID) trials. J Am Coll Cardiol 1999;34:1552-1559.

28.

29.

30.

31.

32.

Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, Domanski M,
Troutman C, Anderson J, Johnson G, McNulty SE, Clapp-Channing N,
Davidson-Ray LD, Fraulo ES, Fishbein DP, Luceri RM, Ip JH, Sudden
Cardiac Death in Heart Failure Trial (SCD-HeFT) Investigators.
Amiodarone or an implantable cardioverter-defibrillator for congestive
heart failure. N Engl J Med 2005;352:225-236.

Singh SN, Fletcher RD, Fisher SG, Singh BN, Lewis HD, Deedwania PC,
Massie BM, Colling C, Lazzeri D. Amiodarone in patients with congestive
heart failure and asymptomatic ventricular arrhythmia. Survival trial of
antiarrhythmic therapy in congestive heart failure. N Engl J Med
1995;333:77-82.

Cairns JA, Connolly SJ, Roberts R, Gent M. Randomised trial of outcome
after myocardial infarction in patients with frequent or repetitive ventri-
cular premature depolarisations: Canadian Amiodarone Myocardial
Infarction  Arrhythmia  Trial  (CAMIAT) Investigators.  Lancet
1997;349:675-682.

Hejna M, Raderer M, Zielinski CC. Inhibition of metastases by anticoagu-
lants. J Natl Cancer Inst 1999;91:22-36.

Pappone C, Rosanio S, Augello G, Gallus G, Vicedomini G, Mazzone P,
Gulletta S, Gugliotta F, Pappone A, Santinelli V, Tortoriello V, Sala S,
Zangrillo A, Crescenzi G, Benussi S, Alfieri O. Mortality, morbidity, and
quality of life after circumferential pulmonary vein ablation for atrial
fibrillation: outcomes from a controlled nonrandomized long-term
study. J Am Coll Cardiol 2003;42:185-197.



