
 

n engl j med 

 

352;18

 

www.nejm.org may 

 

5, 2005

 

The

 

 new england journal 

 

of

 

 medicine

 

1861

 

original article

 

Amiodarone versus Sotalol for Atrial Fibrillation

 

Bramah N. Singh, M.D., D.Sc., Steven N. Singh, M.D., Domenic J. Reda, Ph.D.,
X. Charlene Tang, M.D., Ph.D., Becky Lopez, R.N., Crystal L. Harris, Pharm.D., 

Ross D. Fletcher, M.D., Satish C. Sharma, M.D., J. Edwin Atwood, M.D.,
Alan K. Jacobson, M.D., H. Daniel Lewis, Jr., M.D., Dennis W. Raisch, Ph.D.,

and Michael D. Ezekowitz, M.B., Ch.B., Ph.D., 
for the Sotalol Amiodarone Atrial Fibrillation Efficacy Trial (SAFE-T) Investigators*

 

From the Department of Veterans Affairs
Medical Center, West Los Angeles, Calif.
(B.N.S., B.L.); the Department of Veterans
Affairs Medical Center, Washington, D.C.
(S.N.S., R.D.F.); the Department of Veter-
ans Affairs Hospital, Hines, Ill. (D.J.R.,
X.C.T.); the Department of Veterans Af-
fairs Medical Center, Albuquerque, N.M.
(C.L.H., D.W.R.); the Department of Veter-
ans Affairs Medical Center, Providence,
R.I. (S.C.S.); Walter Reed Army Medical
Center, Washington, D.C. (J.E.A.); the De-
partment of Veterans Affairs Medical Cen-
ter, Loma Linda, Calif. (A.K.J.); the Depart-
ment of Veterans Affairs Medical Center,
Kansas City, Mo. (H.D.L.); and Hahne-
mann University and the Department of
Veterans Affairs Medical Center Philadel-
phia — both in Philadelphia (M.D.E.).
Address reprint requests to Dr. Singh at
the Veterans Affairs Medical Center of West
Los Angeles, 11301 Wilshire Blvd., Los An-
geles, CA 90073, or at bsingh@ucla.edu.

*Other participants in SAFE-T are listed in
the Appendix.

N Engl J Med 2005;352:1861-72.

 

Copyright © 2005 Massachusetts Medical Society.

 

background

 

The optimal pharmacologic means to restore and maintain sinus rhythm in patients
with atrial fibrillation remains controversial.

 

methods

 

In this double-blind, placebo-controlled trial, we randomly assigned 665 patients who
were receiving anticoagulants and had persistent atrial fibrillation to receive amioda-
rone (267 patients), sotalol (261 patients), or placebo (137 patients) and monitored
them for 1 to 4.5 years. The primary end point was the time to recurrence of atrial fi-
brillation beginning on day 28, determined by means of weekly transtelephonic mon-
itoring.

 

results

 

Spontaneous conversion occurred in 27.1 percent of the amiodarone group, 24.2 per-
cent of the sotalol group, and 0.8 percent of the placebo group, and direct-current car-
dioversion failed in 27.7 percent, 26.5 percent, and 32.1 percent, respectively. The me-
dian times to a recurrence of atrial f ibrillation were 487 days in the amiodarone group,
74 days in the sotalol group, and 6 days in the placebo group according to intention to
treat and 809, 209, and 13 days, respectively, according to treatment received. Amio-
darone was superior to sotalol (P<0.001) and to placebo (P<0.001), and sotalol was su-
perior to placebo (P<0.001). In patients with ischemic heart disease, the median time
to a recurrence of atrial fibrillation was 569 days with amiodarone therapy and 428 days
with sotalol therapy (P=0.53). Restoration and maintenance of sinus rhythm signifi-
cantly improved the quality of life and exercise capacity. There were no significant dif-
ferences in major adverse events among the three groups.

 

conclusions

 

Amiodarone and sotalol are equally efficacious in converting atrial fibrillation to sinus
rhythm. Amiodarone is superior for maintaining sinus rhythm, but both drugs have
similar efficacy in patients with ischemic heart disease. Sustained sinus rhythm is as-
sociated with an improved quality of life and improved exercise performance.
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trial fibrillation is the most

 

common arrhythmia requiring continu-
ous therapy.

 

1-4

 

 Conversion to and main-
tenance of sinus rhythm remain the cornerstones
of therapy, but the optimal long-term drug strategy
is controversial. Unblinded trials found that rhythm
control did not offer a survival advantage over rate
control with anticoagulation,

 

5-7

 

 but they did not
compare standardized drug regimens for maintain-
ing sinus rhythm or regularly monitor for atrial
fibrillation. Thus, if the best approach to maintain-
ing sinus rhythm had been used, the outcomes
might have differed.
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The double-blind Sotalol Amiodarone Atrial
Fibrillation Efficacy Trial (SAFE-T) compared the
ability of sotalol and amiodarone

 

9-12

 

 to restore and
maintain sinus rhythm in patients with atrial fibril-
lation. Our objective was to determine whether am-
iodarone was superior to sotalol and whether both
were superior to placebo in maintaining sinus
rhythm in patients with persistent atrial fibrillation.

 

conduct of the study

 

This Veterans Affairs Cooperative Study was de-
signed, executed, and analyzed by an executive com-
mittee under the surveillance of an end-points
committee, a data and safety monitoring board, a
pharmacy coordinating center, and a biostatisti-
cal and research coordinating center, which mon-
itored and stored the data in a computerized data-
base in conjunction with the offices of the cochairs
of the trial. All investigators had full access to all
the data and performed the data analysis. The mem-
bers of the executive committee wrote the article
and assume overall responsibility for the data and
the analysis. 

SAFE-T was monitored independently by the hu-
man rights committee of the Cooperative Studies
Program Coordinating Center of the Veterans Af-
fairs Medical Center in Hines, Illinois, and the data
and safety monitoring board. The site-monitoring
and review team of the Cooperative Studies Program
conducted limited on-site examination of study data.
An end-points committee reviewed all events de-
fined as serious and possibly related to treatment.

 

patients

 

Eligible patients had had electrocardiographically
documented atrial fibrillation for at least 72 hours,
still had atrial fibrillation at randomization, and

were receiving anticoagulants. Patients with atrial
flutter or paroxysmal atrial fibrillation were exclud-
ed. Other exclusion criteria included New York Heart
Association class III or IV heart failure, a calculat-
ed creatinine clearance below 60 ml per minute,

 

13

 

intolerance of beta-blockers, and a history of the
long-QT syndrome. Originally, patients who had
had atrial fibrillation for more than 12 months were
excluded. Subsequently, this restriction was elim-
inated. All patients provided written informed con-
sent, and the protocol was approved by the human-
research review board at each site.

 

protocol design

 

The trial design has been described previously.
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Eligibility screening spanned three or four visits at
seven-day intervals. The baseline evaluation includ-
ed chest radiography, 12-lead electrocardiography
(ECG), a complete blood count, urinalysis, thyroid-
function tests, hepatic panel, and measurement of
serum chemical values and serum digoxin levels.
The international normalized ratio (INR) had to be
stable and between 2.0 and 3.0 before cardioversion
was attempted. The ventricular response was con-
trolled by treatment with diltiazem, verapamil, and
digoxin,
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 in order to achieve a rate of 60 to 90 beats
per minute. The left ventricular ejection fraction
and the size of the left atrium were measured by
two-dimensional echocardiography. Health-relat-
ed quality of life was measured with the use of the
Medical Outcomes Study 36-item Short Form Gen-
eral Health Survey (SF-36), which assesses eight
aspects of health

 

 

 

status: general and mental health,
physical and social functioning,

 

 

 

physical and emo-
tional role, pain, and vitality.
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 Scores

 

 

 

on each scale
can range from 0 (worst) to 100 (best).

 

 

 

Exercise
treadmill testing was conducted according to a mod-
ified Naughton protocol.
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randomization, therapy, and follow-up

 

Permuted-block randomization was performed,
with stratification according to participating hos-
pital, patient’s symptoms, and the presence or ab-
sence of ischemic heart disease. Eligible patients
were randomly assigned to receive amiodarone, so-
talol, or placebo on an outpatient basis. Both the in-
vestigators and the patients were unaware of the
study-group assignments. The amiodarone regimen
was 800 mg per day for the first 14 days, 600 mg
per day for the next 14 days, 300 mg per day for the
first year, and 200 mg per day thereafter. The so-
talol regimen was 80 mg twice daily for the first

a

methods
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week and 160 mg twice daily thereafter. Berlex Lab-
oratories and Wyeth–Ayerst Laboratories donated
preparations of sotalol, amiodarone, and their re-
spective placebos.

Follow-up visits were scheduled every four weeks
and included a clinical evaluation, 12-lead ECG re-
cordings, and measurements of digoxin levels and
the INR; the patient’s rhythm was monitored trans-
telephonically weekly. The presence of atrial fibril-
lation or atrial flutter was confirmed by the concor-
dance of two transtelephonic measurements or of a
12-lead ECG and a transtelephonic measurement
obtained less than 24 hours apart. If spontaneous
conversion had not occurred by day 28 after random-
ization, direct-current (DC) cardioversion was per-
formed with up to four standardized monophasic
shocks (one at 100 J, one at 200 J, and two at 360 J).
In the final year of the study, biphasic shocks (one at
150 J, one at 175 J, and two at 200 J) were also used.

Failed DC cardioversion was defined by either
the absence of sinus rhythm or the presence of sinus
rhythm for less than one minute after the highest-
energy shock. Patients who initially converted to si-
nus rhythm but in whom atrial fibrillation recurred
after day 28 received another dose of anticoagu-
lants before again undergoing DC cardioversion;
the study drug was withdrawn if atrial fibrillation
recurred after the second attempt. Patients in whom
DC cardioversion was unsuccessful on day 28 were
not subjected to further attempts, the study drug
was withdrawn, and the patients were followed for
one year.

After conversion, patients were seen monthly to
undergo ECG, review medications, and report ad-
verse reactions. Physical examinations were per-
formed quarterly, and an ECG was obtained if indi-
cated. The dose of the study drug was reduced if QT
intervals exceeded 550 msec,
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 and treatment was
stopped if the QT interval remained above 550 msec.
Patients who required coronary surgery, a pace-
maker, or therapy for hypothyroidism were treated
conventionally; the study drug was continued. Pa-
tients in whom hyperthyroidism developed were
withdrawn from the study. Doses of the study drug
were reduced if intolerable adverse reactions oc-
curred, and treatment was stopped if they persisted.
Temporary discontinuation of the study drug was
permitted for 30 days, but treatment was perma-
nently discontinued in the event of treatment-related
torsades de pointes, adverse pulmonary effects, per-
sistent liver-function abnormalities, heart failure, or
bronchospasm. The patient’s participation was ter-

minated in the event of death, withdrawal of con-
sent, loss to follow-up, or recurrence of atrial fibril-
lation after the one-year follow-up visit.

Treadmill testing and echocardiography were
performed at 8 weeks and 6 and 12 months during
the first year, annually thereafter, and at the com-
pletion of the study. Three months after random-
ization, thyroid-function tests and serum chemical
measurements were obtained, and a complete blood
count, urinalysis, thyroid-function tests, hepatic
panel, and serum chemical measurements were ob-
tained semiannually thereafter; digoxin levels and
INR were measured as required, and chest radiog-
raphy was performed annually. Health-related qual-
ity of life was assessed by means of the SF-36 at
8 weeks and 6 and 12 months after randomization
and annually thereafter.

 

statistical analysis

 

The primary outcome was the time to the first re-
currence of atrial fibrillation after sinus rhythm had
been restored. Failed conversion was defined as the
persistence of atrial fibrillation on day 28 (consid-
ered time 0). The expected rates of sustained sinus
rhythm at one year were 60 percent in the amioda-
rone group, 50 percent in the sotalol group, and 35
percent in the placebo group. On the basis of these
assumptions, the study had a statistical power of
85 percent to identify a significant difference in the
Kaplan–Meier time-to-event distributions between
amiodarone and sotalol (two-sided alpha, 0.04),
amiodarone and placebo (alpha, 0.005), and sotalol
and placebo (alpha, 0.005), given the enrollment of
706 patients (279 patients in both the amiodarone
and sotalol groups and 148 patients in the placebo
group). The log-rank test was used to compare the
three groups in a pairwise manner. Changes in the
quality of life and exercise ability were compared in
patients with sustained sinus rhythm and those
with persistent atrial fibrillation by means of the
two-sample t-test. All statistical tests were two-
sided, and a P value of 0.05 or less was considered
to indicate statistical significance in the secondary
analysis.

Enrollment lasted 42 months, and follow-up last-
ed a minimum of 12 and a maximum of 54 months.
Supporting analyses included the time to the first
recurrence of atrial fibrillation among patients with
conversion on or before day 28 and among pre-
defined subgroups based on the duration of atrial
fibrillation and the presence or absence of symp-
toms or ischemic heart disease.
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To account for differences in the duration of fol-
low-up among the study groups, the rates of ad-
verse events were calculated as the number of pa-
tients who had a particular adverse event at least
once per 100 patient-years of follow-up. Logistic re-
gression was used to compare the rates of adverse
events among the study groups after adjustment
for the duration of follow-up.

 

characteristics of the patients

 

The study was conducted in an outpatient setting
between April 1, 1998, and October 31, 2002; 28
sites participated initially and 8 discontinued partic-
ipation early. Renal impairment, inability to pro-
vide written informed consent or to participate in
the study, treatment with amiodarone during the
previous 12 months, and cessation of atrial fibrilla-
tion after the first screening visit were the most fre-
quent reasons for the failure to enroll screened pa-

tients. A total of 6582 patients were screened at 20
sites, 665 of whom underwent randomization: 267
to amiodarone, 261 to sotalol, and 137 to placebo
(Fig. 1). The adherence rate was significantly high-
er (P=0.01) among those given active amiodarone
(98.1 percent) than among those given active so-
talol (95.8 percent) or those given placebo (94.9
percent). A total of 81 patients withdrew their con-
sent, and 28 were lost to follow-up.

The baseline characteristics of the patients are
shown in Table 1; 98.9 percent were men, and 89.3
percent were white. The mean (±SD) age was 67.1±
9.3 years.

 

restoration of sinus rhythm

 

Between randomization and day 28, 70 of 258 pa-
tients in the amiodarone group (27.1 percent) had
spontaneous conversion, as compared with 59 of
244 patients in the sotalol group (24.2 percent,
P=0.45) and 1 of 132 patients in the placebo group
(0.8 percent, P<0.001 for the comparison with

results

 

Figure 1. Selection Process, Randomization, and Outcome.

 

The regimens were administered in a double-dummy manner. 

6582 Patients screened

665 Correctly randomly assigned

261 Assigned to sotalol 137 Assigned to placebo267 Assigned to amiodarone

31 Withdrew consent
11 Lost to follow-up

27 Withdrew consent
12 Lost to follow-up

23 Withdrew consent
5 Lost to follow-up

225 (84.3%) completed
≥1 yr of follow-up

222 (85.1%) completed
≥1 yr of follow-up

109 (79.6%) completed
≥1 yr of follow-up

7 Incorrectly randomly assigned

5910 Not eligible for randomization

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 24, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

352;18

 

www.nejm.org may 

 

5, 2005

 

amiodarone vs. sotalol for atrial fibrillation

 

1865

 

* Plus–minus values are means ±SD. COPD denotes chronic obstructive pulmonary disease, and NYHA New York Heart 
Association.

† Significantly greater percentages of patients had hypertension in the amiodarone and sotalol groups than in the place-
bo group. The trend toward significant differences in current alcohol use (P=0.05) and the mean ventricular rate in atri-
al fibrillation (P=0.07) at baseline was deemed clinically insignificant. The differences in weight were significant 
(P=0.01) at baseline. Other baseline characteristics were well balanced among the groups.

‡ Race was determined by the investigators on the basis of hospital records. Data were missing for one patient in the pla-
cebo group.

§ Body-mass index was calculated as the weight in kilograms divided by the square of the height in meters.
¶ Data were missing for one patient in the amiodarone group, one in the sotalol group, and two in the placebo group.
¿ A drink was defined as 30 ml.
** Ischemic heart disease was diagnosed on the basis of history-taking and investigational findings; the 25.3 percent inci-

dence of myocardial infarction was confirmed on the basis of history and ECG findings; 25.9 percent received the diag-
nosis of congestive heart failure on clinical grounds.

††Data were missing for nine patients in the amiodarone group, two in the sotalol group, and four in the placebo group.
‡‡The criteria for symptomatic atrial fibrillation included one or more of the following: palpitations, syncope, light-head-

 

edness or presyncope, shortness of breath, chest pain, and fatigue.

 

Table 1. Baseline Characteristics of the Patients.*

Characteristic

Amiodarone 
Group

(N=267)
Sotalol Group 

(N=261)
Placebo Group 

(N=137) P Value†

 

Age — yr 67.1±9.4 66.8±8.9 67.7±9.8 0.68

Male sex — no. (%) 265 (99.3) 257 (98.5) 136 (99.3) 0.27

Race or ethnic group — no. (%)‡

White 235 (88.0) 230 (88.1) 129 (94.2) 0.38

Black 20 (7.5) 15 (5.7) 4 (2.9)

Hispanic 10 (3.7) 11 (4.2) 3 (2.2)

Other 2 (0.7) 5 (1.9) 0

Body-mass index§ 31.5±6.1 31.6±6.2 30.7±4.9 0.44

Weight — lb. 220.6±42.8 226.9±48.1 212.3±37.8 0.01

Smoking status — no. (%)¶

Current 37 (13.9) 38 (14.6) 28 (20.4) 0.14

Former 152 (56.9) 164 (62.8) 78 (56.9)

Never 77 (28.8) 58 (22.2) 29 (21.2)

Current alcohol use — drinks per mo¿ 12.6±30.9 16.9±42.9 8.1±16.7 0.05

Hypertension — no. (%) 194 (72.7) 172 (65.9) 76 (55.5) 0.004

Documented ischemic heart disease — no. (%)** 71 (26.6) 66 (25.3) 31 (22.6)  0.69

Nonischemic cardiomyopathy — no. (%) 25 (9.4) 19 (7.3) 7 (5.1)   0.31

Diabetes mellitus — no. (%) 67 (25.1) 65 (24.9) 32 (23.4)  0.94

COPD without bronchospasm — no. (%) 36 (13.5) 31 (11.9) 15 (10.9)  0.75

NYHA class I or II congestive heart failure — no. (%) 67 (25.1) 72 (27.6) 33 (24.1)  0.72

Valvular heart disease — no. (%) 19 (7.1) 17 (6.5) 8 (5.8)  0.89

History of cerebrovascular disease — no. (%) 33 (12.4) 30 (11.5) 20 (14.6)  0.64

Duration of atrial fibrillation — no. (%)††

≤1 yr 197 (73.8) 206 (78.9) 110 (80.3)  0.33

>1 yr 61 (22.8) 53 (20.3) 23 (16.8)

Ventricular rate — beats/min 80.3±14.9 81.6±14.9 83.9±14.9 0.07

Pacemaker — no. (%) 11 (4.1) 7 (2.7) 4 (2.9) 0.63

Left ventricular ejection fraction 0.505±0.124 0.515±0.119 0.494±0.127 0.30

Left atrial dimension — mm 47.7±7.1 48.2±6.9 49.0±6.5 0.22

Symptomatic atrial fibrillation — no. (%)‡‡ 167 (62.5) 164 (62.8) 83 (60.6) 0.90
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both amiodarone and sotalol). The remainder un-
derwent DC cardioversion on or near day 28, which
was unsuccessful in 27.7 percent of the patients in
the amiodarone group, 26.5 percent in the sotalol
group, and 32.1 percent in the placebo group
(P=0.54). The total rate of conversion was 79.8 per-
cent in the amiodarone group, as compared with
79.9 percent in the sotalol group (P=0.98) and 68.2
percent in the placebo group (P=0.01 for the com-
parison with both amiodarone and sotalol). The
rate of DC cardioversion was higher with the use of
biphasic shocks (42 given, 81 percent success rate)
than monophasic shocks (427 given, 70 percent
success rate; P=0.14). The rates of DC cardiover-
sion did not differ significantly among the groups
with respect to the duration of atrial fibrillation,
but it was higher in the subgroup of patients in the
placebo group who had had atrial fibrillation for
no more than one year than in those who had had
atrial fibrillation for more than one year (71 per-
cent vs. 50 percent, P=0.04).

 

primary end point

 

The median times to the first recurrence of atrial
fibrillation are shown in Table 2 according to the
intention to treat and to the treatment actually re-
ceived. Amiodarone and sotalol were both signifi-
cantly more effective than placebo in increasing the
time to a recurrence of atrial fibrillation (P<0.001).
Amiodarone was six times as effective as sotalol in
the intention-to-treat analysis (P<0.001) and four
times as effective in the analysis according to the
treatment actually received (P<0.001).

The Kaplan–Meier estimates of the distribution
of times to a recurrence of atrial fibrillation among
patients in whom sinus rhythm was restored on
day 28 are shown in Figure 2. In subgroups defined
according to the duration of atrial fibrillation (one
year or less vs. more than one year), the presence or
absence of ischemic heart disease, and the pres-
ence or absence of symptoms of arrhythmia, amio-
darone and sotalol were superior to placebo (Ta-
ble 2). Amiodarone was superior to sotalol in all
subgroups except the subgroup of patients with
ischemic heart disease, wherein the time to a recur-
rence of atrial fibrillation was 569 days in the amio-
darone group and 428 days in the sotalol group
(P=0.53). In the amiodarone group, the time to a
recurrence of atrial fibrillation was longer in the
subgroup without ischemic heart disease than in
the group with ischemic heart disease (867 vs. 569

days, P=0.09). The corresponding values in the so-
talol group demonstrated the converse trend (180
days in the subgroup without ischemic heart dis-
ease and 428 days in the subgroup with ischemic
heart disease, P=0.10).

 

changes in quality of life 
and exercise capacity

 

Table 3 presents changes in quality-of-life scores
and exercise capacity from baseline to one year of
follow-up for patients remaining in sinus rhythm
and those with persistent atrial fibrillation. Scores
for physical functioning, general health, and social
functioning on the SF-36 were significantly better
in the group in sinus rhythm than in the group with
persistent atrial fibrillation, and there was a trend
toward an improvement in vitality scores in the
former group (P=0.08). The differences in scores
for physical-role limitations, pain, emotional-role
limitations, and mental health between the two
groups were not significant. For the comparison of
all three randomized groups, there were no signifi-
cant differences in quality-of-life scores from base-
line to one year, except for a decrease in the mental
health score in the amiodarone group (P=0.005 for
the comparison with both the sotalol and placebo
groups).

The reductions in heart rate at rest and during
peak exercise at one year were greater among pa-
tients who remained in sinus rhythm than among
those with persistent atrial fibrillation (P<0.001 for
both comparisons). There was no discernible rela-
tionship between the quality-of-life scores and exer-
cise capacity.

 

adverse events

 

There were no significant differences in the rates of
adverse events among the study groups except in
the rates of minor bleeding episodes, which were
significantly higher in the amiodarone group (8.33
per 100 patient-years of follow-up) than in the so-
talol group (6.37 per 100 patient-years of follow-
up) or the placebo group (6.71 per 100 patient-
years of follow-up) (P<0.04 for the comparison
among the three groups). The corresponding val-
ues for major bleeding episodes were 2.07, 3.10,
and 3.97 per 100 patient-years of follow-up, respec-
tively (P=0.86); those for minor strokes were 1.19,
0.68, and 0.96 per 100 patient-years of follow-up,
respectively (P=0.67); and those for major strokes
were 0.87, 2.03, and 0.95 per 100 patient-years of
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follow-up, respectively (P=0.36). There were two
cases of nonfatal adverse pulmonary effects in the
amiodarone group and one in the placebo group.
One case of nonfatal torsades de pointes occurred
in the sotalol group.

There were 13 deaths (6 sudden) in the amio-
darone group, 15 deaths (8 sudden) in the sotalol
group, and 3 deaths (2 sudden) in the placebo group.
After adjustment for the duration of follow-up
(344.08 patient-years in the amiodarone group,
297.93 in the sotalol group, and 105.72 in the pla-
cebo group), the mortality ratios were 1.3 in the
amiodarone group as compared with the placebo
group (P=0.19) and 1.8 in the sotalol group as com-
pared with the placebo group (P=0.11). Among the
patients who actually received the assigned study
drug, 13 died in the amiodarone group, 10 died in
the sotalol group, and 2 died in the placebo group;
the mortality ratios were 2.0 for the comparison of
amiodarone with placebo (P=0.11) and 1.8 for the
comparison of sotalol with placebo (P=0.20). The
death rate was 4.36 per 100 person-years of follow-
up in the amiodarone and sotalol groups combined,
as compared with 2.84 per 100 person-years of fol-
low-up in the placebo group (P=0.13).

During steady-state therapy in SAFE-T, both amio-
darone and sotalol induced similar rates of sponta-
neous and DC cardioversion, an effect greatly supe-
rior to that achieved by placebo. Thus, our results
emphasize the importance of establishing steady-
state antiarrhythmic therapy before DC cardiover-
sion is performed if sustained sinus rhythm is the
ultimate therapeutic goal in patients with atrial fi-
brillation. Previously, smaller trials found amioda-
rone and sotalol to be effective as single agents in
atrial fibrillation,

 

17-21

 

 but only one of two compar-
ative trials

 

22,23

 

 confined the analysis to patients

discussion

 

Figure 2. Kaplan–Meier Estimates of the Time to Recur-
rence of Atrial Fibrillation among Patients in Whom Si-
nus Rhythm Was Restored on Day 28.

 

Estimates of the time to recurrence of atrial fibrillation 
are shown for all patients with conversion to sinus 
rhythm (Panel A) and in subgroups of patients with con-
version to sinus rhythm according to the presence or ab-
sence of ischemic heart disease (Panels B and C, 
respectively).
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with persistent atrial fibrillation. In the unblinded
trial,

 

23

 

 involving 400 patients with persistent and
paroxysmal atrial fibrillation randomly assigned to
amiodarone, sotalol, or propafenone without place-
bo control, amiodarone was superior to sotalol and
propafenone. In our blinded, placebo-controlled

trial, the regimens of amiodarone and sotalol were
standardized and rhythm was assessed by weekly
transtelephonic monitoring for 4.5 years. The DC
cardioversion protocol was standardized, with most
patients receiving monophasic shocks. When the
rates of spontaneous conversion during drug thera-

 

* The data were derived from 478 patients (304 with sustained sinus rhythm and 174 with persistent atrial fibrillation) who 
were still taking study medications in a blinded fashion at one year; 465 of these patients completed quality-of-life ques-
tionnaires and 318 patients performed treadmill exercise before randomization and at one year.

† P<0.001 for the within-group comparison.
‡ P<0.05 for the within-group comparison.
§ P<0.01 for the within-group comparison.
¶The mean increase in the duration of exercise was significantly greater among patients with sustained sinus rhythm than 

among those with persistent atrial fibrillation (15.4 percent vs. 3.0 percent, P<0.02) but was not significantly affected by 

 

sotalol or amiodarone.

 

Table 3. Effects of Continued Sinus Rhythm and Persistent Atrial Fibrillation on the Quality of Life and Exercise 
Capacity at One Year.*

Measure Sustained Sinus Rhythm Persistent Atrial Fibrillation P Value

 

No. of Patients Mean ±SD No. of Patients Mean ±SD

 

SF-36 subscale

 

Physical functioning score 290 156

Before randomization 57.9±28.6 57.7±25.3

At 1 yr 60.6±28.3 55.8±25.7

Change 2.7±24.3 ¡1.9±22.1 0.05

General health score 278 152

Before randomization 59.8±21.3  61.8±19.8

At 1 yr 59.7±21.3  56.2±21.6

Change ¡0.1±17.6 ¡5.6±19.1† 0.003

Social functioning score 290 154

Before randomization 76.6±25.4  79.4±25.2

At 1 yr 77.5±26.4  74.1±25.4

Change 1.0±23.7 ¡5.3±24.8‡ 0.01

Vitality score 284 151

Before randomization 49.8±24.8  48.8±21.8

At 1 yr 53.7±23.1  49.1±23.7

Change 3.8±20.4§ 0.3±19.5 0.08

 

Treadmill exercise test

 

Resting heart rate (beats/min) 204 104

Before randomization 86.8±17.6  87.1±15.7

At 1 yr 63.6±11.2  82.2±17.1

Change ¡23.2±18.0†  ¡4.9±18.1§ <0.001

Peak heart rate (beats/min) 204 102

Before randomization 149.1±26.4  152.2±25.0

At 1 yr  108.7±16.2  140.0±28.1

Change ¡40.4±26.7† ¡12.3±27.2† <0.001

Duration of exercise (sec)¶ 205 104

Before randomization 505.5±261.5 481.5±271.2

At 1 yr 583.3±250.3  496.1±268.6

Change 77.9±220.5† 14.6±227.4 0.02
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py were factored into the analysis, the overall con-
version rates were consistent with recent data on
the effects of monophasic shocks in patients with
persistent atrial fibrillation.

 

24,25

 

 
An unexpected finding was that treatment with

either sotalol or amiodarone resulted in similar
times to a first recurrence of atrial fibrillation in pa-
tients with ischemic heart disease. There also was a
trend toward a longer period of sustained sinus
rhythm with sotalol therapy in patients with ische-
mic heart disease than in those without ischemic
heart disease. The converse was true among pa-
tients who received amiodarone.

Despite the fact that our observations were not
derived from the use of disease-specific instru-
ments,

 

26

 

 the restoration and maintenance of sinus
rhythm in patients with atrial fibrillation signifi-
cantly improved certain quality-of-life domains. In
patients with chronic diseases, an improvement in
SF-36 scores of three to five points is considered
clinically significant.

 

27

 

 The quality of life is im-
paired in patients with chronic atrial fibrillation,

 

26

 

but not all studies

 

5,6,28,29

 

 have reported improve-
ments in quality of life after the restoration of sinus
rhythm. The data from our relatively large, blinded
study provide support for the superiority of sus-
tained sinus rhythm over rate control with respect
to quality-of-life measures in patients with atrial fi-
brillation. Although amiodarone was associated
with a significant decrease in mental health func-
tion as compared with sotalol or placebo (P=0.005),
mental health scores were higher in the amiodarone
group at baseline but similar in all three groups at
one year. Thus, the finding may represent regres-
sion to the mean effect. During the past 20 years,

 

30

 

there have been only two case reports of reversible
amiodarone-induced acute delirium and one of
acute depression. The clinical significance of these
reports remains uncertain. However, since the qual-
ity-of-life data are not based on an intention-to-
treat analysis, they tell us less about the advisabil-
ity of the initial treatment strategies than about the
functional consequences of the outcomes.

Increases in exercise capacity accompanied by
decreases in the peak heart rate during exercise
have been noted after cardioversion in small, un-
blinded studies of patients with atrial fibrillation.
Our much larger placebo-controlled, blinded trial
involving patients with persistent atrial fibrillation,
which had a longer follow-up, confirms and ex-
tends these observations.

 

31,32

 

Another pertinent finding is the absence of sig-

nificant differences among the three groups in the
incidence of major adverse events. There was only
one case of torsades de pointes in a patient in the
sotalol group, and three of adverse pulmonary ef-
fects, two in the amiodarone group and one in the
placebo group. The incidence of minor bleeding
episodes was higher (P=0.04) in the amiodarone
group than in the sotalol or placebo groups, possi-
bly owing to an interaction between amiodarone
and warfarin.

 

33

 

 We found no significant differenc-
es in mortality rates among the three groups, but
the study was statistically underpowered to evalu-
ate mortality differences. Therefore, the possibil-
ity cannot be excluded that the observed adverse
mortality trends with sotalol or amiodarone may
have reached statistical significance in a larger tri-
al. However, this possibility appears unlikely, since
relatively large mortality trials involving patients
with myocardial infarction and heart failure, who
have a higher risk of death from arrhythmia

 

34-37

 

than do patients with atrial fibrillation, have re-
ported similar or lower mortality rates with amio-
darone or sotalol, as compared with placebo. In
addition, smaller efficacy trials involving patients
with atrial fibrillation who received amiodarone
or sotalol

 

17,22,23

 

 have not revealed an excess risk
of drug-induced mortality.

Our data on the comparative effectiveness of
amiodarone and sotalol extend the results of previ-
ous studies

 

17,19,23

 

 and confirm that the drugs are
equally efficacious in symptomatic and asymptom-
atic patients. In another blinded study, sotalol was
more effective than placebo in maintaining sinus
rhythm, and torsades de pointes did not develop if
drug doses were adjusted to reflect renal function
and the QT interval was monitored.

 

17

 

 The rare oc-
currence of torsades de pointes in our trial, which
took similar precautions, may permit outpatient
initiation of sotalol therapy, as is customary for
amiodarone.

The unparalleled effectiveness of amiodarone
in patients with persistent atrial fibrillation has not
been explained mechanistically. However, a recent
study suggested that its superior effectiveness may
stem from a striking reversal of heart rate–related
adverse atrial remodeling.

 

38

 

 The side-effect pro-
file of amiodarone did not differ from that of so-
talol or placebo during the follow-up period. How-
ever, our finding that amiodarone was not superior
to sotalol in patients with ischemic heart disease
has important clinical implications. Both agents
slow the ventricular response during recurrences
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of atrial fibrillation by depressing atrioventricular
conduction.

 

20,39

 

 Thus, the use of standardized regi-
mens may provide the scope to differentiate the pre-
cise roles of rate control and rhythm control in pa-
tients with atrial fibrillation and to develop atrial
antifibrillatory compounds.
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