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ORIGINAL ARTICLE

Valsartan for Prevention of Recurrent Atrial
Fibrillation

The GISSI-AF Investigators*

ABSTRACT

BACKGROUND

Atrial fibrillation is the most common cardiac arrhythmia, and no current therapy is
ideal for control of this condition. Experimental studies suggest that angiotensin II-
receptor blockers (ARBs) can influence atrial remodeling, and some clinical studies
suggest that they may prevent atrial fibrillation.

METHODS

We conducted a large, randomized, prospective, placebo-controlled, multicenter trial
to test whether the ARB valsartan could reduce the recurrence of atrial fibrillation.
We enrolled patients who were in sinus rhythm but had had either two or more
documented episodes of atrial fibrillation in the previous 6 months or successful
cardioversion for atrial fibrillation in the previous 2 weeks. To be eligible, patients
also had to have underlying cardiovascular disease, diabetes, or left atrial enlarge-
ment. Patients were randomly assigned to receive valsartan or placebo. The two pri-
mary end points were the time to a first recurrence of atrial fibrillation and the pro-
portion of patients who had more than one recurrence of atrial fibrillation over the
course of 1 year.

RESULTS

A total of 1442 patients were enrolled in the study. Atrial fibrillation recurred in 371
of the 722 patients (51.4%) in the valsartan group, as compared with 375 of 720
(52.1%) in the placebo group (adjusted hazard ratio, 0.97; 96% confidence interval
[CI], 0.83 to 1.14; P=0.73). More than one episode of atrial fibrillation occurred in
194 of 722 patients (26.9%) in the valsartan group and in 201 of 720 (27.9%) in the
placebo group (adjusted odds ratio, 0.89; 99% CI, 0.64 to 1.23; P=0.34). The results
were similar in all predefined subgroups of patients, including those who were not
receiving angiotensin-converting—enzyme inhibitors.

CONCLUSIONS
Treatment with valsartan was not associated with a reduction in the incidence of
recurrent atrial fibrillation. (ClinicalTrials.gov number, NCT00376272.)
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VALSARTAN FOR PREVENTION OF RECURRENT ATRIAL FIBRILLATION

TRIAL FIBRILLATION IS THE MOST COM-

mon cardiac arrhythmia.*> Antiarrhythmic

drugs have only moderate efficacy in pre-
venting recurrences of atrial fibrillation and some-
times cause serious adverse reactions.®® Ablation
is a costly procedure, and accepted indications are
limited.”° Thus, new approaches to the manage-
ment of atrial fibrillation continue to be the sub-
ject of interest and investigation.

Some studies have shown that the recurrence
of atrial fibrillation after cardioversion may be
partially related to a biologic phenomenon known
as remodeling, in which the electrical, mechani-
cal, and structural properties of atrial tissue and
cardiac cells are progressively and irreversibly al-
tered, creating a more favorable substrate for atrial
fibrillation.’*3 The renin—angiotensin—aldoste-
rone system plays a role in atrial remodeling. In
animal models of atrial fibrillation, blockade of
the renin—angiotensin—aldosterone system with
the use of an angiotensin-converting—enzyme
(ACE) inhibitor or an angiotensin II-receptor
blocker (ARB) has been shown to favorably af-
fect electrical and structural remodeling of the
atrium.#17

Several clinical studies have suggested that ACE
inhibitors or ARBs may have a beneficial effect
on either new-onset atrial fibrillation (i.e., primary
prevention) or recurrent atrial fibrillation (i.e.,
secondary prevention). However, in those stud-
ies, either atrial fibrillation was assessed as an
ancillary variable'®-2* or it was the main end point
but the study was too small to definitively estab-
lish an effect on the incidence or recurrence of
atrial fibrillation.?52® Published meta-analyses have
reached contrasting conclusions on the effects
of inhibitors of the renin—angiotensin—aldosterone
system.2%3° We conducted the Gruppo Italiano
per lo Studio della Sopravvivenza nell’Infarto
Miocardico—Atrial Fibrillation (GISSI-AF) trial
to assess whether the addition of the ARB valsar-
tan to established therapies could reduce the rate
of recurrence of atrial fibrillation in patients with
a history of that arrhythmia.

METHODS

STUDY DESIGN

The rationale and the design of this study have
been described previously.3* The GISSI-AF study
was a prospective, multicenter, randomized, dou-
ble-blind, placebo-controlled trial. It was designed
and supervised by the steering committee (see the

Appendix) and approved by the ethics committee
at each participating center. Funding was provided
by Novartis, which had no role in the design or
conduct of the trial; the collection, analysis, or in-
terpretation of the data; or the writing of the re-
port. The authors vouch for the accuracy and com-
pleteness of the data and the analysis.

PATIENTS
Patients of either sex were eligible for inclusion in
the study if they were at least 40 years of age and
had had either two or more episodes of symptom-
atic atrial fibrillation (as documented on an elec-
trocardiogram) in the previous 6 months or suc-
cessful cardioversion (electrical or pharmacologic)
for atrial fibrillation between 14 days and 48 hours
before randomization. All patients had to have
been in sinus rhythm for at least 2 days before
randomization. In addition, patients had to have
at least one of the following conditions: heart fail-
ure or a documented history of left ventricular
dysfunction (defined as an ejection fraction of less
than 40%); a history of hypertension for 6 months
or more, with or without left ventricular hypertro-
phy; type 2 diabetes; a history of stroke or periph-
eral artery disease; a history of coronary artery
disease; or atrial fibrillation without coexisting
cardiovascular conditions but with left atrial dil-
atation (defined as a left atrial diameter of 45 mm
or greater in men or 40 mm or greater in women).

Patients were excluded if they required treat-
ment with ARBs for another indication; had con-
traindications to ARBs; had recently (within the
previous 6 weeks) had an acute myocardial infarc-
tion, coronary bypass operation, or percutaneous
coronary intervention; had clinically significant
valvular disease; had thyroid dysfunction; or were
scheduled to undergo catheter ablation or implan-
tation of a pacemaker or defibrillator.

All participants had to have been on a stable
regimen of treatment for atrial fibrillation and
for any underlying cardiovascular disorders for at
least 1 month before enrollment. Patients were al-
lowed to continue all previously prescribed treat-
ments for these conditions (including ACE inhibi-
tors, amiodarone, and beta-blockers). All eligible
patients provided written informed consent be-
fore enrollment.

RANDOMIZATION AND STUDY TREATMENT
Eligible patients were randomly assigned to either
valsartan or matching placebo by means of a com-
puterized, telephone randomization system, with

N ENGLJ MED 360;16 NEJM.ORG APRIL 16, 2009

Downloaded from www.nejm.org at UNIV OF TENNESSEE on May 4, 2009 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

1607



1608

The NEW ENGLAND JOURNAL of MEDICINE

the group assignments concealed. Randomization
was based on stratification according to site, with
blocks of four patients per site. The study drug
was initiated at a dose of 80 mg daily for 2 weeks
and was then increased to 160 mg daily for an-
other 2 weeks. At the 4-week visit, the dose was
increased to 320 mg daily, and this regimen was
continued until the end of the follow-up period at
week 52.

Upward adjustment of the dose of the study
medication was required for all patients unless
they presented with a blood pressure below

110/65 mm Hg or symptomatic hypotension. If
a patient could not tolerate a daily dose of 160 mg,
the dose was reduced to 80 mg, and attempts were
subsequently made to increase the dose again. If
the patient could not tolerate a dose of at least
160 mg of the study drug within 2 months after
enrollment, the study drug was withdrawn.

FOLLOW-UP
Study visits were scheduled at weeks 2, 4, 8, 24,
and 52, with the follow-up period concluding at
1 year. A routine clinical examination, including

Table 1. Baseline Characteristics of the Patients According to Study Group.*
Valsartan Placebo
Characteristic (N=722) (N=720) P Value
Age —yr 67.5+9.5 68.2+8.9 0.14
Female sex — no. (%) 267 (37.0) 277 (38.5) 0.56
Body-mass index 28.0+4.5 27.7+4.2 0.19
<5 yr of education — no. (%) 334 (46.3) 353 (49.0) 0.26
Blood pressure — mm Hg
Systolic 138.2+16.7 139.0+16.9 0.40
Diastolic 81.5+8.5 81.6+9.0 0.92
Inclusion criteria — no. (%)
=2 episodes of atrial fibrillation in previous 6 mo 299 (41.4) 282 (39.2) 0.45
Cardioversion in previous 2 wk 646 (89.5) 630 (87.5) 0.24
Duration of last qualifying episode of atrial fibrillation >7 days 238 (33.0) 225 (31.2) 0.49
Heart failure, LVEF <40%, or both 6 (7.8) 58 (8.1) 0.83
History of hypertension for 6 mo or more 619 (85.7) 612 (85.0) 0.69
Diabetes mellitus 95 (13.2) 116 (16.1) 0.11
History of stroke 2 (4.4) 27 (3.8) 0.51
Peripheral artery disease 7(5.1) 22 (3.1) 0.047
Documented coronary artery disease 111 (15.4) 68 (9.4) <0.001
Atrial fibrillation alonez: 78 (10.8) 94 (13.1) 0.19
Coexisting conditions — no. (%)
Peripheral embolism 3 (0.4) 7 (1.0 0.20
Previous transient ischemic attack 28 (3.9) 26 (3.6) 0.79
Renal dysfunction 24 (3.3) 16 (2.2) 0.20
Chronic obstructive pulmonary disease 50 (6.9) 56 (7.8) 0.54
Neoplasia 22 (3.0) 23 (3.2) 0.87
Current smoker 57 (7.9) 64 (8.9) 0.50
Alcohol abuse 6 (0.8) 11 (1.5) 0.22
Echocardiographic findings at randomization
Heart rate — bpm 63.5+£10.5 63.7+£10.5 0.68
QRS interval >120 msec — no. (%) 57 (7.9) 70 (9.7) 0.22
Left ventricular hypertrophy — no. (%) 71 (9.8) 60 (8.3) 0.32
Pathologic Q waves — no. (%) 41 (5.7) 22 (3.1) 0.02
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Table 1. (Continued.)

Characteristic

Concomitant cardiovascular therapies — no. (%)
Amiodarone
Sotalol
Class | antiarrhythmic agents
ACE inhibitors
Calcium-channel blockers
Beta-blockers
Digitalis
Diuretics
Aldosterone blockers
Statins
Oral anticoagulants

Aspirin

Valsartan Placebo
(N=722) (N=720) P Value
253 (35.0) 248 (34.4) 0.81
53 (7.3) 47 (6.5) 0.54
235 (32.5) 232 (32.2) 0.89
420 (58.2) 402 (55.8) 0.37
207 (28.7) 221 (30.7) 0.40
223 (30 9) 213 (29.6) 0.59
3 (4.6) 0(4.2) 0.71
268 (37.1) 264 (36.7) 0.86
43 (6.0) 49 (6.8) 0.1
196 (27.1) 172 (23.9) 0.16
398 (55.1) 417 (57.9) 0.29
206 (28.5) 189 (26.2) 0.33

* Plus—minus values are means +SD. P values were calculated with the use of chi-square tests, with the exception of
P values for comparisons of age, body-mass index, blood pressure, and heart rate, which were calculated with the use
of t-tests. ACE denotes angiotensin-converting enzyme, and LVEF left ventricular ejection fraction.

T The body-mass index is the weight in kilograms divided by the square of the height in meters.

i Atrial fibrillation alone was defined as atrial fibrillation without coexisting cardiovascular conditions but with left atrial

dilatation.

electrocardiography and laboratory testing, was
performed at each study visit. To increase the like-
lihood that atrial fibrillation could be detected,
all patients were provided with a transtelephonic
monitoring device (Cardiobios 1, Telbios). The pa-
tients were asked to activate this device, which
would transmit a 30-second electrocardiogram to
both the coordinating center and the responsible
physician, if symptoms occurred and at least once
a week whether or not symptoms occurred. If a
recurrence of atrial fibrillation was detected, the
patient was asked to come in for an office visit to
confirm the findings.

STUDY END POINTS
The study was designed with two primary end
points: the time to the first recurrence of atrial
fibrillation and the proportion of patients who
had more than one episode of atrial fibrillation
over the 1-year follow-up period. Secondary end
points included the total number of episodes of
atrial fibrillation per patient, hospitalization for
any reason and hospitalization for a cardiovascu-
lar event, the composite of death and thrombo-
embolic events, the number of patients in sinus

rhythm at the time of each study visit, the dura-
tion of and ventricular rate at the first recurrence
of atrial fibrillation, and a safety profile. A pre-
defined analysis of the effects of valsartan as com-
pared with placebo on the recurrence of atrial fi-
brillation was also performed for patients who
were in sinus rhythm 15 days after study entry,
with the aim of assessing the effect of valsartan
after the exclusion of early recurrences of atrial
fibrillation. A similar post hoc analysis included
patients who were in sinus rhythm at week 8, by
which time it was expected that patients would
be receiving the target dose of valsartan. An in-
dependent end-point committee adjudicated all
reports of primary end points, deaths, and hospi-
talizations.

STATISTICAL ANALYSIS
The estimated sample size was based on the time
to the first recurrence of atrial fibrillation. We cal-
culated that for the study to have 88% power to
detect a 17.6% relative difference between the val-
sartan and placebo groups, there would have to
be 599 events, assuming an event rate in the pla-
cebo group of 50% at 1 year (which corresponds
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to a yearly hazard rate of 69%) and a withdrawal
rate of 15%. On the basis of these calculations,
we planned to enroll 1402 patients.

All analyses were performed in the intention-
to-treat population. Comparisons of the first pri-
mary end point (time to the first recurrence of
atrial fibrillation) between the treatment and pla-
cebo groups were performed with the use of a
log-rank test. We estimated the size of the effect
by calculating hazard ratios with the use of a
Cox proportional-hazards model. In a further
analysis, we included as covariates all the base-
line clinical characteristics that were assessed in
the study patients. For the second primary end
point (the proportion of patients with more than
one recurrence of atrial fibrillation), we assessed
the treatment effect by using a logistic-regression
model to calculate odds ratios, with and without
adjustment for all baseline covariates.

We adjusted the overall significance level of
0.05 to account for the inclusion of two primary
end points. The first (time to the first recurrence
of atrial fibrillation) was tested at a two-sided sig-
nificance level of 0.04, and the second (proportion
of patients with more than one episode of atrial
fibrillation), at a two-sided significance level of
0.01. Thus, confidence intervals of 96% and 99%
were calculated for the first and the second pri-
mary end points, respectively.

We also calculated hazard ratios with 95% con-
fidence intervals, using the Cox regression mod-
el to assess the effect of valsartan on the second-
ary end points and in the prespecified subgroups.
For the between-group comparisons of those sec-
ondary end points that were expressed as propor-
tions or mean values, we used a chi-square test or
t-test. We performed Cox analyses of the primary
outcome to test for an unfavorable outcome in
prespecified subgroups by fitting a Cox model
with one term representing the treatment group,
one term representing the covariate of interest,
and an interaction term to test for heterogeneity
of the effect of valsartan. Changes in systolic blood
pressure were analyzed by means of analysis of
variance, with adjustment for baseline values, and
were reported as least-square means *SE.

The reported P values are two-sided and not
adjusted for multiple testing. All analyses were
conducted with SAS software, version 9.2 (SAS
Institute).

RESULTS

PATIENTS

From November 2004 through January 2007, we
enrolled 1442 patients at 114 centers; 722 patients
were randomly assigned to the valsartan group,
and 720 to the placebo group. There were no clin-
ically relevant differences between the two groups
in baseline characteristics (Table 1), except for a
higher prevalence of coronary artery disease and
peripheral arterial disease in the valsartan group
than in the placebo group. A total of 85.4% of the
patients had a history of hypertension, 14.6% had
diabetes, and 7.9% had heart failure, left ventric-
ular dysfunction, or both. At the time of random-
ization, 34.7% of the patients were receiving ami-
odarone, 57.0% were receiving ACE inhibitors,
30.2% were receiving beta-blockers, and 56.5%
were receiving anticoagulant drugs (Table 1).

The target dose of 320 mg of the study drug
was achieved at 4 weeks in 83.1% of the patients
assigned to valsartan and in 85.2% of those as-
signed to placebo, and this dose was maintained
in similar proportions of patients until the end of
the study. Only five patients in the valsartan group
and five in the placebo group had to have the study
drug withdrawn because they could not tolerate
a daily dose of 160 mg.

By 8 weeks, the least-square mean systolic
blood pressure was reduced by 3.91+0.60 mm Hg
in the valsartan group and by 1.07+0.60 mm Hg
in the placebo group (P<0.001). By the end of the
study, the reductions were 4.13+0.63 mm Hg in
the valsartan group and 1.96+0.62 mm Hg in the
placebo group (P=0.01). The mean heart rate was
unchanged from baseline values at 8 weeks and
at the end of the study (data not shown). The over-
all median duration of follow-up was 365 days
(interquartile range, 359 to 372). We had follow-up
data on survival for all the patients and follow-
up data on the first recurrence of atrial fibrilla-
tion for almost all the patients (95.5%). More than
80% of expected transtelephonic recordings were
actually transmitted.

PRIMARY END POINTS

At 1 year, 51.4% of the patients (371 of 722) in the
valsartan group and 52.1% (375 of 720) in the pla-
cebo group had had a recurrence of atrial fibril-
lation (hazard ratio, 0.98; 96% confidence interval
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Figure 1. Kaplan—-Meier Curves for the Time to the First Recurrence of Atrial Fibrillation.
Panel A includes data from the whole cohort, and Panel B data from the 1255 patients who were in sinus rhythm

[CI], 0.85 to 1.14; P=0.83) (Fig. 1A). After adjust-
ment for all baseline variables reported in Table 1,
the adjusted hazard ratio was 0.97 (96% CI, 0.83
to 1.14; P=0.73). Overall, the median times from
randomization to the first recurrence of atrial fi-

brillation were 295 days in the valsartan group
and 271 days in the placebo group.

More than one episode of atrial fibrillation oc-
curred in 26.9% of the patients (194 of 722) in the
valsartan group, as compared with 27.9% of the
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Table 2. Secondary End Points.*

End Point

Clinical events — no. of patients (%)

Hospitalization for any reason
Hospitalization for cardiovascular event
Death or nonfatal thromboembolic event
Death

Thromboembolic events — no. of patients (%)

Ischemic stroke
Transient ischemic attack
Other
Episodes of atrial fibrillation — no. of patients (%)
0
1
2
3-5
>5
Arrhythmia-related events
Sinus rhythm at 8-wk visit — no. of patients/total no. (%)

Sinus rhythm at study-end visit — no. of patients/
total no. (%)

Ventricular rate at first episode of atrial fibrillation::

Duration of first episode of atrial fibrillation —
no. of patients/total no. (%)

0-7 days
>7 days

Data not available

Valsartan Placebo Hazard Ratio P
(N=722) (N=720) (95% Cl) Valuey
149 (20.6) 143 (19.9) 1.05 0.70
(0.83-1.32)
114 (15.8) 122 (16.9) 0.93 0.59
(0.72-1.20)
18 (2.5) 9(1.2) 2.03 0.08
(0.91-4.52)
8 (1.1) 7 (1.0) 1.16 0.78
(0.42-3.19)
10 (1.4) 2 (0.3) 5.06 0.04
(1.11-23.11)
4(0.6) 0
3 (0.4) 1(0.1
3 (0.4) 1(0.1)
0.88
351 (48.6) 345 (47.9)
177 (24.5) 174 (24.2)
67 (9.3) 70 (9.7)
87 (12.0) 82 (11.4)
40 (5.5) 49 (6.8)
627/684 (91.7) 627/693 (90.5) 0.44
565/667 (84.7) 559/676 (82.7) 0.32
109.6+28.4 107.5+29.6 0.33
177/371 (47.7) 172/375 (45.9) 0.26
89/371 (24.0) 109/375 (29.1)
105/371 (28.3)  94/375 (25.1)

* Plus—minus values are means +SD.

7 P values for clinical and thromboembolic events were calculated with the use of Cox proportional-hazards models;
P values for episodes of atrial fibrillation, sinus rhythm at 8 weeks and at study end, and duration of first episode of
atrial fibrillation were calculated with chi-square tests; and the P value for ventricular rate at the first episode of atrial

fibrillation was calculated with a t-test.

i The total number of patients who had at least one episode of atrial fibrillation was 746 (371 in the valsartan group, and

375 in the placebo group).

patients (201 of 720) in the placebo group (odds
ratio, 0.95; 99% CI, 0.70 to 1.29; P=0.66). After
adjustment for all baseline variables reported in
Table 1, the adjusted odds ratio was 0.89 (99%
CI, 0.64 to 1.23; P=0.34).

SECONDARY ANALYSES AND END POINTS
Among the 1255 patients who were in sinus rhythm
15 days after study entry, there was no significant

difference between the valsartan and placebo
groups with respect to the rates of recurrence of
atrial fibrillation (47.7% and 48.4%, respectively;
hazard ratio, 0.96; 96% CI, 0.81 to 1.13; P=0.59)
(Fig. 1B). Similar results were obtained from a
post hoc analysis of data from the 1254 patients
who were in sinus rhythm at week 8, by which
time the patients would have been receiving the
target dose of valsartan (rate of recurrence, 42.7%
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Subgroup Valsartan Placebo
no. of events/no. of patients (%)
Age
<69 yr 183/368 (49.7)  186/353 (52.7)
269 yr 188/354 (53.1)  189/367 (51.5)
HF, LVD, or both
Yes 27/56 (48.2) 32/58 (55.2)
No 344/666 (51.7)  343/662 (51.8)
Use of ACE inhibitor
Yes 217/420 (51.7)  208/402 (51.7)
No 154/302 (51.0)  167/318 (52.5)

Use of antiarrhythmic agent

Amiodarone 109/253 (43.1) 113248 (45.6)

Other 154/277 (55.6) 150268 (56.0)

None 108/192 (56.3)  112/204 (54.9)
Use of beta-blockers

Yes 110/223 (49.3)  110/213 (51.6)

No 261/499 (52.3)  265/507 (52.3)
AF alone

Yes 42/78 (53.9) 55/94 (58.5)

No 329/644 (51.1)  320/626 (51.1)
All patients 371722 (51.4)  375/720 (52.1)

P Value for
Hazard Ratio (95% Cl) Interaction
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- e
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Figure 2. Effect of Treatment with Valsartan on the Risk of a First Recurrence of Atrial Fibrillation (AF) in Prespeci-

Hazard ratios are indicated by solid squares, which are proportional in size to the number of people in each group,
and horizontal lines represent the 95% confidence intervals, as calculated by a Cox proportional-hazards model, ex-
cept in the case of the overall population, for which 96% confidence intervals are shown. AF alone refers to atrial fi-
brillation without coexisting cardiovascular conditions but with left atrial dilatation. ACE denotes angiotensin-con-
verting enzyme, HF heart failure, and LVD left ventricular dysfunction.

in the valsartan group and 44.0% in the placebo
group; hazard ratio, 0.96; 96% CI, 0.80 to 1.14;
P=0.62). We did not observe significant differ-
ences in any of the secondary end points (Table 2),
with the exception of thromboembolic events,
which occurred in 10 patients in the valsartan
group as compared with 2 in the placebo group
(hazard ratio, 5.06; 95% CI, 1.11 to 23.11; P=0.04).

When all episodes of atrial fibrillation in a pa-
tient were counted, no significant differences were
evident between the valsartan group and the pla-
cebo group with respect to any number of recur-
rences of atrial fibrillation per patient (Table 2).
About half of the total number of first recurrences
of atrial fibrillation were symptomatic, with no
significant difference between the two groups in
the rate of symptomatic atrial fibrillation (24.0%
in the valsartan group and 23.1% in the placebo
group, P=0.77).

SUBGROUP ANALYSES

Hazard ratios for the first recurrence of atrial fi-
brillation were similar in all predefined subgroups
of patients (Fig. 2). A nonsignificant trend toward
a lower incidence of recurrence of atrial fibrilla-
tion was apparent in the valsartan group among
the 114 patients who presented with heart failure
or left ventricular dysfunction (hazard ratio, 0.81;
95% CI, 0.48 to 1.35; P=0.41).

SAFETY

The study drug was permanently discontinued in
107 (14.8%) of the patients in the valsartan group
and 76 (10.6%) of those in the placebo group
(P=0.02). Of these discontinuations, 26 in the val-
sartan group and 12 in the placebo group were
attributed to adverse drug reactions (Table 3). Se-
rious adverse reactions occurred in two patients
in the valsartan group (severe hypotension in one
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Table 3. Adverse Reactions Leading to Permanent Discontinuation of the Study
Drug.*

Valsartan Placebo
Adverse Reaction (N=722) (N=720)

no. of patients

Total 26 12
Vertigo 3 1
Asthenia 1 1
Symptomatic hypotension 7 3
Cutaneous allergy 2 2
Hyperkalemia 2 0
Renal dysfunction 3 1
Gastrointestinal disorder 2 1
Hair loss 1 2
Muscle symptoms 0 1
Othert 5 0

* Two serious adverse drug reactions in patients in the valsartan group — hypo-
tension in one patient and renal dysfunction plus hyperkalemia in the other
— resolved without sequelae.

7 Included in this category are epistaxis in 1 patient, an increase in liver enzyme
levels in 1, an allergic reaction in 1, and cough in 2.
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patient and renal dysfunction plus hyperkalemia
in the other). The proportion of patients who had
at least one doubling of the serum creatinine
level or who had a serum creatinine level that was
higher than 3.5 mg per deciliter (309.4 wmol per
liter) during the follow-up period was 0.7% in the
valsartan group and 0.9% in the placebo group
(P=0.77). The proportion of patients in whom at
least one measurement of the serum potassium
level was higher than 5.5 mmol per liter during
the follow-up period was 5.6% in the valsartan
group and 2.4% in the placebo group (P=0.002).

DISCUSSION

In the GISSI-AF trial, we tested the effect of an
ARB, valsartan, on the recurrence of atrial fibril-
lation in patients who had a history of atrial fi-
brillation associated with cardiovascular disease,
diabetes, or left atrial enlargement. In these pa-
tients, the addition of valsartan to established ther-
apies for atrial fibrillation and for coexisting car-
diovascular conditions did not reduce the risk of
either a first recurrence or multiple recurrences
of atrial fibrillation. These results were consistent
across all predefined subgroups. Our findings do
not support the original hypothesis of a benefi-
cial role of blockers of the renin—angiotensin—

aldosterone system in the prevention of recur-
rent atrial fibrillation.

Only four previously published studies, in which
a total of 665 patients were enrolled, specifically
evaluated the role of ARBs in the secondary pre-
vention of atrial fibrillation.2>2® The results of
three of these studies suggested a beneficial ef-
fect; in all three of these trials, amiodarone was
given to all patients as part of the trial proto-
col.2>2?7 In contrast, in the subgroup of patients
treated with amiodarone in our trial, valsartan did
not have a significant beneficial effect.

Our trial did not address the efficacy of agents
that block the renin—angiotensin—aldosterone sys-
tem for the primary prevention of atrial fibrilla-
tion. Previous trials and meta-analyses have sug-
gested a more pronounced effect of these agents
when they are used for primary prevention,19-242930
perhaps because of a beneficial influence on the
pathophysiological substrate of atrial fibrillation
(i.e., structural or electrical remodeling, or both)
before the occurrence of irreversible atrial remod-
eling. We also did not evaluate the efficacy of ACE-
inhibitor therapy, which has been reported to be
similar to the efficacy of ARB therapy.2*-3°

One limitation of many large clinical trials in
which the occurrence of atrial fibrillation is not
a primary end point is the method used to detect
recurrences of atrial fibrillation. Such trials often
rely on the results of electrocardiography per-
formed at scheduled office visits or on the pa-
tient’s report of symptoms (as in the Losartan
Intervention for Endpoint Reduction in Hyperten-
sion [LIFE], Candesartan in Heart Failure: Assess-
ment of Reduction in Mortality and Morbidity
[CHARM], and Valsartan Antihypertensive Long-
term Use Evaluation [VALUE] trials).21:23:24 As a
result, these trials tend to show lower rates of de-
tection of atrial fibrillation than trials, like ours,
that use frequent transtelephonic monitoring.

One limitation of our trial is the relatively short
duration (1 year) of clinical follow-up. Some of the
large trials mentioned above (LIFE, CHARM, and
VALUE) had mean follow-up intervals that were
longer than 3 years. The time required for the pu-
tative effects of ARBs on atrial remodeling is not
well defined. However, we did not detect even a
modest trend in favor of valsartan therapy during
the course of our trial, suggesting that such an
effect would not be anticipated with a longer fol-
low-up period.

Conversely, it seems unlikely that the expected
benefit of ARB therapy would occur within the
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first few days of starting treatment. Early recur-
rences of atrial fibrillation after cardioversion are
probably due to short-term electrical remodeling
of atria,?? which tends to normalize within days
or weeks if sinus rhythm is again restored. For this
reason, we planned a secondary analysis that was
limited to data on patients who were in sinus
rhythm at the first follow-up visit, on day 15. This
analysis did not show any effect of valsartan on
the recurrence of atrial fibrillation. Similar results
were obtained from a post hoc analysis of data
from patients who were in sinus rhythm at week 8,

In conclusion, we evaluated the potential ben-
efit of adding 320 mg of valsartan daily to stan-
dard therapy in patients who had a history of
atrial fibrillation associated with cardiovascular
disease, diabetes, or left atrial enlargement. At
1 year, we found no significant reduction in the
incidence of recurrent atrial fibrillation among
patients receiving valsartan as compared with
those receiving placebo.

The GISSI Studies are supported by Associazione Nazionale
Medici Cardiologi Ospedalieri and by Istituto di Ricerche Far-
macologiche Mario Negri.

to account for the time needed to reach the target Dr. Maggioni ljeports re.ceiving' researf:h support and lecture
dose of valsartan fees from Novartis; Drs. Disertori and Di Pasquale, lecture fees

e . from Novartis; Drs. Franzosi, Lucci, Barlera, Staszewsky, and
The s1gn1f1cant excess of thromboembolic Tognoni, institutional research support from Novartis; and Dr.

events in the valsartan group was unexpected and Latini, research support and lecture and consulting fees from
td

beli h hi ] b h find Novartis. Drs. Latini and Maggioni are listed as coinventors on
we believe that this result may be a chance find- patent application for the therapeutic use of valsartan in atrial

ing. Of note, the rate of thromboembolic events fibrillation. No other potential conflict of interest relevant to
in the placebo group in our trial was much lower this article was reported.

h d d ] h . I We thank the participants in the study and the cardiologists,
than expected and was lower than previously re- nurses, ethics committee members, and administrative staff in

ported rates in similar patient populations.?*34  hospitals who assisted in the conduct of the study.

APPENDIX

Members of the GISSI-AF study group are as follows: Writing Committee — M. Disertori, R. Latini, A.P. Maggioni, S. Barlera, G. Di
Pasquale, M.G. Franzosi, D. Lucci, L. Staszewsky, G. Tognoni; Steering Committee — M. Disertori (chair), R. Latini (cochair), G. Di
Pasquale, M.G. Franzosi, A.P. Maggioni, L. Staszewsky, P. Delise, G. Tognoni, (F. Bertocchi and G. Maiocchi, nonvoting members);
Data and Safety Monitoring Board —E. Geraci (chair), E. Correale, F. Lombardi, A. Mugelli, R. Urso; Clinical End-point Committee — S.
Scardi (chair), G. Fabbri (coordinator), B. Bartolomei (secretary), G. Barbato, E. Carbonieri, S. Ciricugno, F. Cosmi, C. Pratola, M.G.
Rossi, L. Sciarra, P. Zeni; Clinical Monitoring— M. Ceseri, A. Atzori, F. Bambi, M. Baviera, F. Bianchini, E. Fenicia, M. Gianfriddo, G.
Lonardo, A. Luise, R. Nota, M.E. Orlando, R. Petrolo, C. Pierattini, V. Pierota, A. Ragno, C. Serio, A. Tafi, E. Tellaroli; Core Laboratories
— S. Masson, R. Latini, T. Vago (Biomarkers); L. Staszewsky, S. Gramenzi (Echocardiography); F. Orso, 1. Suliman (Electrocardiography);
Database Management and Statistics — E. Nicolis, C. Casola, S. Barlera, D. Dall’Osso, M. Gorini, D. Lucci; Regulatory, Administrative,
and Secretariat — E. Bianchini, S. Cabiddu, I. Cangioli, A. Carnaghi, M.L. Cipressa, L. Cipressa, L. Galbiati, A. Lorimer, P. Priami;
Participating Centers and Investigators — Switzerland: Lugano (T. Moccetti, M.G. Rossi, F. Vaghi), Italy: Piemonte: Asti (A.F.L. Capello),
Cuneo (G. Rossetti, E. Viada, L. Morena), Saluzzo (M. Delucchi, S.G. Reynaud, P. Allemano), Torino Valdese (N. Massobrio), Lombardia:
Bergamo (A. Gavazzi, F. Taddei), Brescia (D.A. Mor), Chiari (F. Bortolini, M. Lorini), Crema (G. Inama, O. Durin), Cremona (S. Pirelli, A.
Spotti, R. Procopio), Giussano (D. Cuzzucrea, G. Gentile), Milano San Raffaele (A. Margonato, G. Bassanelli), Pavia San Matteo (L. Tavazzi,
M.P. Buzzi, R. Rordorf), Pavia Fondazione Salvatore Maugeri (A. Gualco, C. Opasich), Rozzano (E. Gronda, L. Genovese), Sesto San Giovanni
(R. Mattioli, F. Donatelli), Varese (J.A. Salerno Uriarte), P.A. Bolzano: Bolzano (W. Rauhe), P.A. Trento: Cles (C. Bertagnolli, S. Canestrini),
Trento Villa Bianca (C. Stefenelli, G. Cioffi), Trento Santa Chiara (M. Disertori, P. Zeni, C. Giovanelli), Veneto: Bovolone (G. Rigatelli, S. Boni,
A. Pasini), Conegliano Santa Maria dei Battuti (N. Sitta), Conegliano Veneto De Gironcoli (A. Sacchetta, L. Borgese, R. Sciascia), Este (L. Targa),
Mestre (A. Raviele, M. Madalosso), Mirano (E. Bertaglia, F.C. Zoppo), Porto Viro (M. Capanna, R. Fiorencis), Rovigo (E. Baracca), San
Bonifacio (R. Rossi, E. Carbonieri, I. Rossi), Villafranca di Verona (R. Trappolin), Friuli Venezia Giulia: Monfalcone (T. Morgera, E. Barducci),
Palmanova (M.G. Baldin, G. Gobbo), Pordenone (F. Zardo, E. Hrovatin), San Daniele del Friuli (L. Mos, O. Vriz), Trieste Az. Ospedaliera-Univer-
sitaria Ospedali Riuniti (G. Sinagra, A. Aleksova), Trieste Az. Servizi Sanitari n. 1 Triestina (S. Scardi, C. Mazzone), Udine (C. Fresco), Liguria:
Genova-Sampierdarena (P. Rubartelli, L.A. Moroni), Genova-Voltri (A. Camerieri), Imperia (M. Piana), Pietra Ligure (R. Mureddu), Sarzana-Loc.
S. Caterina (D. Bertoli, R. Petacchi), Emilia Romagna: Bentivoglio (L.G. Pancaldi, L. Gabrieli), Bologna Bellaria (S. Urbinati, C. Pedone), Bolo-
gna Maggiore (G. Di Pasquale, M. Di Niro, A. Brunelli), Cotignola (S. Bosi, S. Censi), Ferrara (C. Pratola), Fidenza (P. Moruzzi, P. Pastori),
Modena (M.G. Modena, V. Malavasi), Rimini (M. Mezzetti), Sassuolo (F. Melandri), Toscana: Bagno a Ripoli (A. Zuppiroli, A. Fazi), Cecina (R.
Testa, E. Venturini, F. Mazzinghi), Cortona (F. Cosmi, D. Cosmi), Firenze Nuovo Osp. S Giovanni di Dio (G.M. Santoro, C. Minneci), Livorno
(M. Galli, L. Paperini), Lucca (F.M. Bovenzi, L. Cortigiani), Umbria: Citta di Castello (M. Cocchieri, D. Severini, G.M. Arcuri), Foligno (G.
Bagliani), Terni (M. Bernardinangeli, G. Proietti, G. Proietti), Marche: Pesaro (P. Bocconcelli, A. Pierantozzi), Lazio: Albano Laziale (F.
Monti, L. Giamundo), Formia (P. Tancredi, E. Rossini), Roma Centro Traumatologico Ortopedico (C. Bianchi), Roma San Camillo, Cardiologia
Riabilitativa e Preventiva (F. Bettiol), Roma San Camillo, Cardiologia I (E. Giovannini, M.S. Fera), Roma San Filippo Neri (M. Santini, L. Bianconi),
Roma San Giovanni (A. Boccanelli, P. Morosetti), Roma Sant'Andrea (M. Volpe, C. Facciolo), Abruzzo: Penne (A. Vacri, F. Romanazzi), Teramo
(C. Napoletano, L.L. Piccioni), Campania: Avellino (F. Candelmo), Aversa (G. De Marco, M.R. Arnese), Caserta (A. Vetrano), Giugliano in
Campania (D. Prinzi, P. De Rosa), Mercato San Severino (V. Capuano, S. Torre), Napoli Azienda Ospedaliera Monaldi (A. D’Onoftrio, E. Am-
mendola), Napoli Policlinico Universitario Federico II (M. Chiariello, P. Perrone Filardi), Piedimonte Matese (R. Battista, A. De Fusco), Pozzuoli
(U. Molero), San Felice a Cancello (A. Iervoglini, S. Stefanelli), Santa Maria Capua Vetere (L. Fattore, B. Bosco), Vallo della Lucania (A. Liguori,
G. Padula), Puglia: Bari Ospedale Consorziale Policlinico (I. De Luca, M. Sorino, P. Colonna), Bari-Carbonara (C. D’Agostino, O. Pierfelice),
Casarano (G. Pettinati, A. Muscella), Scorrano (E. De Lorenzi, M. Falco), Taranto Villa Verde (C. Giannattasio), Taranto Santissima Annunziata
(N. Baldi), Basilicata: Matera (M.A. Clemente), Policoro (B. D’Alessandro, L. Truncellito), Calabria: Catanzaro Pugliese (F. Arabia, V.A. Ci-
conte), Catanzaro Germaneto (F. Perticone, C. Ruberto), Cosenza Santissima Annunziata (A. Buffon, C. Tomaselli), Cosenza Mariano Santo (F. De

N ENGLJ MED 360;16 NEJM.ORG APRIL 16, 2009

Downloaded from www.nejm.org at UNIV OF TENNESSEE on May 4, 2009 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

1615



1616

The NEW ENGLAND JOURNAL of MEDICINE

Rosa, S. Mazza), Crotone (G. Zampaglione, A.M. Pirozzi), Lamezia Terme (A. Butera, M. Levato), Paola (D. Musacchio), Polistena (R.M.
Polimeni, V. Lacquaniti), Reggio Calabria (G. Pulitano, A. Ruggeri), Rogliano (A. Provenzano), San Marco Argentano (O. Cuccurullo), Scilla
(M. Musolino, A. Marrari), Soriano Calabro (L. Anastasio, M. Schiavello), Vibo Valentia (M.G.A. Comito), Sicilia: Catania (M.M. Gulizia, G.M.
Francese), Milazzo (L. Vasquez, C. Coppolino), Nicosia (A. Casale, G. D’Urso), Palermo Civico e Benfratelli (G. Oliva, U. Giordano, S. Ando-
lina), Palermo Villa Sofia (N. Sanfilippo, F. Ingrilli), Palermo Buccheri La Ferla (S. Accardo), Palermo Cervello (S. Grasso, L. Buffa), Sardegna:

Cagliari Brotzu (E. Serra).

REFERENCES

1. Kannel WB, Abbott RD, Savage DD,
McNamara PM. Epidemiologic features of
chronic atrial fibrillation: the Framingham
Study. N Engl J Med 1982;306:1018-22.

2. Go AS, Hylek EM, Phillips KA, et al.
Prevalence of diagnosed atrial fibrillation
in adults: national implications for rhythm
management and stroke prevention: the
AnTicoagulation and Risk Factors in Atrial
Fibrillation (ATRIA) study. JAMA 2001;
285:2370-5.

3. Pozzoli M, Cioffi G, Traversi E, Pinna
GD, Cobelli F, Tavazzi L. Predictors of
primary atrial fibrillation and concomi-
tant clinical and hemodynamic changes
in patients with chronic heart failure: a
prospective study in 344 patients with
baseline sinus rhythm. J Am Coll Cardiol
1998;32:197-204.

4. Dries DL, Exner DV, Gersh BJ, Do-
manski MJ, Waclawiw MA, Stevenson LW.
Atrial fibrillation is associated with an
increased risk for mortality and heart fail-
ure progression in patients with asymp-
tomatic and symptomatic left ventricular
systolic dysfunction: a retrospective anal-
ysis of the SOLVD trials. ] Am Coll Cardiol
1998;32:695-703.

5. Mathew J, Hunsberger S, Fleg J, Mc
Sherry F, Williford W, Yusuf'S. Incidence,
predictive factors, and prognostic signifi-
cance of supraventricular tachyarrhythmias
in congestive heart failure. Chest 2000;
118:914-22.

6. Kober L, Torp-Pedersen C, McMurray
JJ, et al. Increased mortality after drone-
darone therapy for severe heart failure.
N Engl J Med 2008;358:2678-87.

7. Roy D, Talajic M, Dorian P, et al. Ami-
odarone to prevent recurrence of atrial
fibrillation. N Engl ] Med 2000;342:913-20.
8. Lafuente-Lafuente C, Mouly S, Longds-
Tejero MA, Mahé 1, Bergmann JF. Antiar-
rhythmic drugs for maintaining sinus
rhythm after cardioversion of atrial fibril-
lation: a systematic review of randomized
controlled trials. Arch Intern Med 2006;
166:719-28.

9. Cappato R, Calkins H, Chen SA, et al.
Worldwide survey on the methods, effi-
cacy, and safety of catheter ablation for hu-
man atrial fibrillation. Circulation 2005;
111:1100-5.

10. Fuster V, Rydén LE, Cannom DS, et al.
ACC/AHA/ESC 2006 guidelines for the
management of patients with atrial fibril-
lation-executive summary: a report of the
American College of Cardiology/Ameri-

N ENGL ) MED 360;16

can Heart Association Task Force on Prac-
tice Guidelines and the European Society
of Cardiology Committee for Practice
Guidelines (Writing Committee to Revise
the 2001 Guidelines for the Management
of Patients with Atrial Fibrillation). Eur
Heart J 2006;27:1979-2030. [Erratum, Eur
Heart] 2007;28:2046.]

11. Wijffels MC, Kirchhof CJ, Dorland R,
Allessie MA. Atrial fibrillation begets atri-
al fibrillation: a study in awake chronically
instrumented goats. Circulation 1995;92:
1954-68.

12. Nattel S, Li D. Ionic remodeling in the
heart: pathophysiological significance and
new therapeutic opportunities for atrial
fibrillation. Circ Res 2000;87:440-7.

13. Daoud EG, Marcovitz P, Knight BP, et
al. Short-term effect of atrial fibrillation
on atrial contractile function in humans.
Circulation 1999;99:3024-7.

14. Shi Y, Li D, Tardif JC, Nattel S. Enal-
april effects on atrial remodeling and
atrial fibrillation in experimental conges-
tive heart failure. Cardiovasc Res 2002;54:
456-61.

15. Kumagai K, Nakashima H, Urata H,
Gondo N, Arakawa K, Saku K. Effects of
angiotensin II type 1 receptor antagonist
on electrical and structural remodeling in
atrial fibrillation. ] Am Coll Cardiol 2003;
41:2197-204.

16. Li D, Shinagawa K, Pang L, et al. Ef-
fects of angiotensin-converting enzyme
inhibition on the development of the atrial
fibrillation substrate in dogs with ventric-
ular tachypacing-induced congestive heart
failure. Circulation 2001;104:2608-14.

17. Chen YJ, Chen YC, Tai CT, Yeh HI, Lin
CI, Chen SA. Angiotensin II and angio-
tensin II receptor blocker modulate the
arrhythmogenic activity of pulmonary
veins. Br J Pharmacol 2006;147:12-22.

18. Pizzetti F, Turazza FM, Franzosi MG,
et al. Incidence and prognostic signifi-
cance of atrial firbrillation in acute myo-
cardial infarction: the GISSI-3 data. Heart
2001;86:527-32.

19. Pedersen OD, Bagger H, Kober L,
Torp-Pedersen C. Trandolapril reduces the
incidence of atrial fibrillation after acute
myocardial infarction in patients with left
ventricular dysfunction. Circulation 1999;
100:376-80.

20. Vermes E, TardifJC, Bourassa MG, et al.
Enalapril decreases the incidence of atrial
fibrillation in patients with left ventricular

dysfunction: insight from the Studies Of
Left Ventricular Dysfunction (SOLVD) trials.
Circulation 2003;107:2926-31.

21. Wachtell K, Lehto M, Gerdts E, et al.
Angiotensin II receptor blockade reduces
new-onset atrial fibrillation and subse-
quent stroke compared to atenolol: the
Losartan Intervention For End Point Re-
duction in Hypertension (LIFE) study. J Am
Coll Cardiol 2005;45:712-9.

22. Maggioni AP, Latini R, Carson PE, et
al. Valsartan reduces the incidence of
atrial fibrillation in patients with heart
failure: results from the Valsartan Heart
Failure Trial (Val-HeFT). Am Heart] 2005;
149:548-57.

23. Ducharme A, Swedberg K, Pfeffer MA,
et al. Prevention of atrial fibrillation in pa-
tients with symptomatic chronic heart fail-
ure by candesartan in the Candesartan in
Heart failure: Assessment of Reduction in
Mortality and morbidity (CHARM) pro-
gram. Am Heart ] 2006;152:86-92.

24. Schmieder RE, Kjeldsen SE, Julius S,
Mclnnes GT, Zanchetti A, Hua TA. Re-
duced incidence of new-onset atrial fibril-
lation with angiotensin II receptor block-
ade: the VALUE trial. J Hypertens 2008;
26:403-11.

25. Madrid AH, Bueno MG, Rebollo JM, et
al. Use of irbesartan to maintain sinus
rhythm in patients with long-lasting per-
sistent atrial fibrillation: a prospective
and randomized study. Circulation 2002;
106:331-6.

26. Yin Y, Dalal D, Liu Z, et al. Prospective
randomized study comparing amiodarone
vs. amiodarone plus losartan vs. amio-
darone plus perindopril for the preven-
tion of atrial fibrillation recurrence in
patients with lone paroxysmal atrial fi-
brillation. Eur Heart ] 2006;27:1841-6.

27. FogariR, Mugellini A, Destro M, et al.
Losartan and prevention of atrial fibrilla-
tion recurrence in hypertensive patients.
J Cardiovasc Pharmacol 2006;47:46-50.
28. Tveit A, Grundvold I, Olufsen M, et al.
Candesartan in the prevention of relaps-
ing atrial fibrillation. Int J Cardiol 2007;
120:85-91.

29. Healey ]S, Baranchuk A, Crystal E, et al.
Prevention of atrial fibrillation with angio-
tensin-converting enzyme inhibitors and
angiotensin receptor blockers: a meta-anal-
ysis. ] Am Coll Cardiol 2005;45:1832-9.

30. Anand K, Mooss AN, Hee TT, Mohi-
uddin SM. Meta-analysis: inhibition of

NEJM.ORG APRIL 16, 2009

Downloaded from www.nejm.org at UNIV OF TENNESSEE on May 4, 2009 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.



VALSARTAN FOR PREVENTION OF RECURRENT ATRIAL FIBRILLATION

renin-angiotensin system prevents new-
onset atrial fibrillation. Am Heart J 20006;
152:217-22.

31. Disertori M, Latini R, Maggioni AP, et
al. Rationale and design of the GISSI-Atrial
Fibrillation Trial: a randomized, prospec-
tive, multicenter study on the use of val-
sartan, an angiotensin II ATI-receptor
blocker, in the prevention of atrial fibril-

N ENGL J MED 360;16

lation recurrence. ] Cardiovasc Med 2006;
7:29-38.

32. Tieleman RG, Van Gelder IC, Crijns
HJ, et al. Early recurrences of atrial fibril-
lation after electrical cardioversion: a re-
sult of fibrillation-induced electrical re-
modeling of the atria? ] Am Coll Cardiol
1998;31:167-73.

33. Wolf PA, Abbott RD, Kannel WB.

Atrial fibrillation as an independent risk
factor for stroke: the Framingham Study.
Stroke 1991;22:983-8.

34, Hart RG, Pearce LA, Anguilar ML
Meta-analysis: antithrombotic therapy to
prevent stroke in patients who have non-
valvular atrial fibrillation. Ann Intern
Med 2007;146:857-67.

Copyright © 2009 Massachusetts Medical Society.

NEJM.ORG APRIL 16, 2009

Downloaded from www.nejm.org at UNIV OF TENNESSEE on May 4, 2009 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

1617



