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ABSTRACT

Background Atrial fibrillation occurs commonly
after open-heart surgery and may delay hospital dis-
charge. The purpose of this study was to assess the
use of preoperative amiodarone as prophylaxis
against atrial fibrillation after cardiac surgery.

Methods In this double-blind, randomized study,
124 patients were given either oral amiodarone (64
patients) or placebo (60 patients) for a minimum of
seven days before elective cardiac surgery. Therapy
consisted of 600 mg of amiodarone per day for sev-
en days, then 200 mg per day until the day of dis-
charge from the hospital. The mean (£SD) preoper-
ative total dose of amiodarone was 4.8+0.96 g over
a period of 13+7 days.

Results Postoperative atrial fibrillation occurred in
16 of the 64 patients in the amiodarone group (25
percent) and 32 of the 60 patients in the placebo
group (53 percent) (P=0.003). Patients in the amio-
darone group were hospitalized for significantly few-
er days than were patients in the placebo group
(6.5+2.6 vs. 7.9+4.3 days, P=0.04). Nonfatal post-
operative complications occurred in eight amioda-
rone-treated patients (12 percent) and in six patients
receiving placebo (10 percent, P=0.78). Fatal postop-
erative complications occurred in three patients who
received amiodarone (5 percent) and in two who re-
ceived placebo (3 percent, P=1.00). Total hospitaliza-
tion costs were significantly less for the amiodarone
group than for the placebo group ($18,375+$13,863
vs. $26,491+$23,837, P=0.03).

Conclusions Preoperative oral amiodarone in pa-
tients undergoing complex cardiac surgery is well tol-
erated and significantly reduces the incidence of post-
operative atrial fibrillation and the duration and cost
of hospitalization. (N Engl J Med 1997;337:1785-91.)
©1997, Massachusetts Medical Society.

OSTOPERATIVE atrial fibrillation occurs

in 10 to 40 percent of patients undergo-

ing cardiac surgery.!12 Although prophylac-

tic therapy with beta-adrenergic blockers
reduces the incidence of postoperative atrial fibril-
lation, 3111317 this arrhythmia remains an important
cause of increased hospital stays and expenses after
heart surgery.!'8 Amiodarone is a class III antiarrhyth-
mic drug that is effective for atrial fibrillation!9-25 and
that can be begun safely on an outpatient basis in pa-
tients with structural heart disease.26:27 The purpose
of this study was to assess the use of oral amiodarone
as prophylaxis against atrial fibrillation after heart
surgery.

METHODS

Patient Population

From June 1, 1995, to September 30, 1996, 373 patients for
whom cardiac surgery was scheduled at least one week in advance
were screened in the cardiac-surgery clinics of the University of
Michigan Hospital and Harper Hospital for participation in this
study. To be included, patients had to give informed consent, be
more than 18 years old, be scheduled for elective heart surgery
requiring cardiopulmonary bypass, have at least one week before
surgery was scheduled, and have normal sinus rhythm. Patients
were excluded if they were allergic to amiodarone; had used
amiodarone within four months of enrollment; had a history of
amiodarone toxicity; had participated in another investigational
protocol; required the use of antiarrhythmic therapy other than
beta-receptor antagonists, calcium-channel antagonists, or digital-
is; had untreated thyroid disease; had serum aspartate aminotrans-
ferase or alanine aminotransferase concentrations four times the
upper limit of normal; were pregnant; had a resting heart rate of
less than 50 beats per minute in the absence of medical therapy
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known to slow the sinus rate; or had uncontrolled heart failure.
One hundred forty-five patients (39 percent) were excluded be-
cause they had participated in another investigational protocol
(77 patients), had chronic atrial fibrillation (33), used antiar-
rhythmic medication (13), had resting heart rates of less than 50
beats per minute (11), were less than 18 years old (5), had un-
treated thyroid disease (2), had uncontrolled heart failure (2), or
had an elevated aspartate aminotransferase concentration (2).
Among the remaining 228 eligible patients, 131 (57 percent)
consented. Surgery was canceled for seven patients after random-
ization, however, and these patients were not included in the
study. Therefore, 124 patients (118 at the University of Michigan
Hospital and 6 at Harper Hospital) were randomly assigned in a
double-blind fashion to either oral amiodarone (64 patients) or
placebo (60 patients). The characteristics of the patients are sum-
marized in Table 1. There were no significant differences between
the patients who received amiodarone and those who received
placebo.

Study Protocol

The study protocol was approved by the University of Michigan
and Harper Hospital human-research committees. The patients
were interviewed on the day of their initial evaluations in the car-
diac-surgery outpatient clinic. The patients who consented were
randomly assigned in a double-blind fashion to begin oral therapy
on the same day. Patients were enrolled a mean (£SD) of 13+7
days before surgery. Amiodarone (Cordarone, Wyeth—Ayerst Lab-
oratories, Philadelphia) was prescribed at a dosage of one tablet
(200 mg) three times a day for seven days, then one tablet each
day while the patient was hospitalized. Amiodarone was discon-
tinued on the day of hospital discharge. The placebo tablets were
identical in appearance to the amiodarone tablets. For the patients
being treated with digitalis or warfarin, the doses of these drugs
were halved, and the prothrombin time was measured one week
later. Other medical therapy was unchanged. Outpatient compli-
ance was monitored by pill count and was 96 percent. To screen
for outpatient complications, a telephone interview was conduct-
ed with each patient one week after enrollment.

The patients were hospitalized on the day of surgery. All pa-
tients were placed on cardiopulmonary bypass. Coronary-artery
bypass graft surgery was performed in 52 patients (42 percent),
valvular surgery in 41 (33 percent), both coronary-artery bypass
and valvular surgery in 22 (18 percent), and other surgical pro-
cedures in 9 (7 percent). Myocardial protection was provided by
cold cardioplegia in 116 patients and retrograde perfusion in
8 patients.

After surgery, cach patient was admitted to an intensive care
unit and was subsequently transferred to a monitored unit. An in-
vestigator evaluated the patients daily. Three-lead telemetric
monitoring (Marquette Series 7500, Milwaukee) was performed
continuously for a mean of 7.2+3.6 days after surgery. The elec-
trocardiographic data were stored for 24 hours and reviewed on
a daily basis. An episode of atrial fibrillation was counted if it per-
sisted for more than five minutes. Management of atrial fibrilla-
tion was directed by the cardiac-surgery team.

The study agent was discontinued on the day of hospital dis-
charge. A home-nurse evaluation was performed 7*2 days after
the patients were discharged and included measurements of vital
signs in all the patients and single-lead electrocardiography in 84
patients (68 percent). At the routine postdischarge evaluation in
the cardiac-surgery clinic, a 12-lead electrocardiogram was re-
corded, and patients were queried about intercurrent hospitaliza-
tions or emergency-room evaluations. These medical records were
reviewed by an investigator.

Cost Data

Data on hospitalization costs for the study population were
provided through the use of a commercially available decision-
support information software system (Model 204, Transition Sys-
tems, Boston), operated by the University of Michigan Budget
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TABLE 1. CHARACTERISTICS OF THE PATIENTS.*

AMIODARONE  PLACEBO
CHARACTERISTIC (N=64) (N=60)
Age (yr) 57+14 61*+13
Male sex (no.) 44 40
Left ventricular ejection fraction 0.48+0.12 0.48%0.13
NYHA functional class 24+09  25*1.0
History of congestive heart failure (no.) 38 32
Presence of mitral regurgitation (no.) 35 31
Presence of left ventricular aneurysm (no.) 14 11
Previous myocardial infarction (no.) 20 18
History of paroxysmal atrial arrhythmias (no.) 5 4
Preoperative use of beta-blockers (no.) 26 18
Preoperative use of digitalis (no.) 10 11
Systemic hypertension (no.) 32 30
Chronic obstructive pulmonary disease (no.) 7 7
Current tobacco use (no.) 20 14
Diabetes mellitus (no.) 10 8
Chronic renal insufficiency or dialysis (no.)t 2 2
Type of heart surgery (no.)
CABG 28 24
Valvular 22 19
Mitral valve 20 13
Concomitant CABG and valvular 9 13
Other 5 4
Bypass-pump time (min) 155+56 147+52
Aorta cross-clamp time (min) 10341 98+41
Myocardial protection by cold cardioplegia 59 57
(no.)
Sapheneous-vein grafting (no./patient) 2.8x1.1 24*1.1
Internal-thoracic-artery grafts (no./patient) 0.9+0.5 0.8%0.5

*NYHA denotes New York Heart Association, and CABG coronary-
artery bypass grafting.

tChronic renal insufficiency was defined as a creatinine concentration
=2.5 mg per deciliter (220 umol per liter).

Office. These data represent the sum of variable direct costs, fixed
direct costs, and indirect costs. Professional-service fees were not
included in these costs. Cost data were collected for 114 patients
(58 given placebo and 56 given amiodarone) who underwent sur-
gery at the University of Michigan and were hospitalized no more
than 21 days from the day of surgery. The cost of amiodarone
therapy was estimated at $2.61 per tablet.2s

Statistical Analysis

Data were analyzed on the basis of the intention-to-treat prin-
ciple. Continuous variables were expressed as means =SD. Con-
tinuous variables were compared by means of Student’s t-test, and
categorical variables were compared by Fisher’s exact test. Kap-
lan—Meier analysis with the log-rank test was used to compare the
probability of atrial fibrillation in the amiodarone and placebo
groups. After an episode of atrial fibrillation or after the postdis-
charge clinic evaluation, the patient was withdrawn from further
analysis. A P value of less than 0.05 was considered to indicate
statistical significance.

RESULTS
Outpatient Therapy and Surgical Data

The mean number of preoperative days of therapy
was significantly greater for the patients random-
ly assigned to receive placebo (15.0£8.7) than for
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those randomly assigned to receive amiodarone
(12.0£5.0, P=0.02). The mean total outpatient
amiodarone dose was 4.8+0.96 g (median, 5.0;
range, 0.6 to 7.0). Except for two patients who
elected to stop outpatient therapy because of minor
gastrointestinal side effects (one receiving placebo
and one receiving amiodarone, P=1.00), no pa-
tients had side effects or adverse reactions during
outpatient therapy. There was no significant change
in the serum concentration of aspartate aminotrans-
ferase or alanine aminotransferase on the day of sur-
gery as compared with the day of enrollment in ei-
ther group (Table 2).

Other than fewer defibrillations per patient to re-
store sinus rhythm after release of the aortic cross-
clamp in the amiodarone group, there were no sig-
nificant differences in surgical data between the
amiodarone and placebo groups (Table 2).

Postoperative Atrial Fibrillation

The percentages of patients remaining free of atri-
al fibrillation in the amiodarone and placebo groups
are shown in Figure 1. When episodes of atrial fibril-
lation that occurred during and after hospitalization
are considered, the incidence of atrial fibrillation was
25 percent (16 of 64 patients) in the amiodarone
group and 53 percent (32 of 60 patients) in the pla-
cebo group (P=0.003).

The prevalence of atrial fibrillation occurring dur-
ing hospitalization in the amiodarone group was 23
percent (15 of 64 patients), as compared with 42
percent (25 of 60 patients) in the placebo group
(P=0.03). Atrial fibrillation occurred a mean of
2.5+1.7 days after surgery in the patients assigned
to amiodarone and 2.71.6 days after surgery in the
patients assigned to placebo (P=0.79). The maxi-
mal ventricular rate during atrial fibrillation was sig-
nificantly lower in the amiodarone group than in
the placebo group (112£21 vs. 135%31 beats per
minute, P =0.03); however, there was no significant
difference between the groups in the duration of
atrial fibrillation (13.8+13.4 vs. 9.3%£10.3 hours,
P=0.27 by Student’s t-test) (Table 3).

Symptoms attributable to atrial fibrillation were
reported by 13 of 15 patients (87 percent) in the
amiodarone group and 21 of 25 patients (84 per-
cent) in the placebo group (P=1.00). Atrial fibrilla-
tion was initially managed by an antiarrhythmic
medication in 10 patients (67 percent) assigned to
amiodarone and in 14 patients (56 percent) assigned
to placebo (P=0.74). Spontaneous conversion with-
out antiarrhythmic medication occurred in five pa-
tients receiving amiodarone (33 percent) and in nine
receiving placebo (36 percent, P=1.00). Electrical
cardioversion was performed on no patients in the
amiodarone group and two in the placebo group
(13 percent, P=0.52).

Patients were evaluated 7£2 days after hospital dis-

TABLE 2. SURGICAL AND POSTOPERATIVE CLINICAL DATA.

AMIODARONE PLAcEBO P
VARIABLE* (N =64) (N=60) VALUE
AST concentration — IU per liter
On day of study enrollment 25*+4¢t 26*+6% 0.21
On day of surgery 25*6 27+4 0.15
ALT concentration — IU per liter
On day of study enrollment 26+4§ 26*5q 0.57
On day of surgery 25*5 26*5 0.63
Epicardial defibrillation to restore
sinus rhythm
No. of patients requiring 39 39 0.85
No. per patient 1.5*1.0 2.6*1.6 0.001
Postoperative day of extubation 2.1%55 19+4.4 0.80
Intubation for >3 days — 2 3 0.67
no. of patients
Temporary epicardial pacing 3 2 0.69
required for >3 days —
no. of patients
Postoperative continuation of 24/26 (92) 17/18 (94) 098

beta-blockers — no./total (%)

*AST denotes aspartate aminotransferase, and ALT alanine aminotrans-
ferase.

1P =0.81 for the comparison with the concentration on the day of surgery.
1P =0.65 for the comparison with the concentration on the day of surgery.
§P=0.36 for the comparison with the concentration on the day of surgery.

9P =0.34 for the comparison with the concentration on the day of surgery.
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Figure 1. Kaplan—Meier Analysis of the Percentages of Patients
Remaining Free of Atrial Fibrillation after Surgery in the Amio-
darone and Placebo Groups.

The asterisks indicate the mean days of hospital discharge.
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charge by a home nurse and at 249 days in the car-
diac-surgery outpatient clinic. Sinus rhythm was pres-
ent in each patient at the home-nurse visit and the
outpatient-clinic visit. After discharge from the hos-
pital, 7 patients who had received amiodarone (14
percent) and 11 who had received placebo (31 per-
cent) were evaluated for acute symptoms by their
physicians (P=0.10). Atrial fibrillation was diagnosed
in one patient who had received amiodarone (2 per-
cent) and seven patients who had received placebo
(12 percent, P=0.03) a mean of 12+5 days after dis-
charge. The medical therapy at the time of these ep-
isodes of atrial fibrillation is summarized in Table 4.

The use of beta-blockers did not influence the
prevalence of atrial fibrillation in either study group.
In the placebo group, the incidence of atrial fibrilla-
tion was 61 percent (11 of 18 patients) among the
patients receiving beta-blockers and 33 percent (14
of 42 patients) among those not receiving beta-
blockers (P=0.09). The incidence of atrial fibrilla-
tion among the amiodarone-treated patients receiv-
ing beta-blockers (27 percent [7 of 26]) was not
significantly different from that among the amioda-
rone-treated patients not receiving beta-blockers (21
percent [8 of 38], P=0.76).

The incidence of atrial fibrillation was significant-
ly higher among patients who had valvular surgery
(46 percent [33 of 71]) than among patients who
underwent only coronary-artery bypass surgery (29
percent [15 of 52], P=0.04).

Length of Hospital Stay and Total Costs

The patients in the amiodarone group were hospi-
talized for significantly fewer days than those in the
placebo group (6.5*2.6 vs. 7.9+4.3 days, P=0.04).
In the amiodarone group, the mean length of stay was
79+4.6 days for the patients with atrial fibrillation
and 6.1*+1.3 days for those without atrial fibrillation
(P=0.02). In the placebo group, the patients with
episodes of atrial fibrillation were also hospitalized for
significantly more days (9.4+3.6 vs. 6.8+4.5 days,
P=0.02). The mean total cost of hospitalization for
the amiodarone group was $18,375+$13.863, as
compared with $26,491+$23.837 for the placebo
group (P=0.03).

Morbidity and Mortality in the Hospital

There was no significant difference in the inci-
dence of intraoperative complications between the
amiodarone and placebo groups (P=0.12) (Table
5). Postoperative complications occurred in 19 pa-
tients (8 in the placebo group and 11 in the amio-
darone group, P=0.62). Six patients in the placebo
group and eight in the amiodarone group had major
morbidity (P=0.78) (Table 6). Death occurred in
two patients assigned to placebo (3 percent) and in
three patients assigned to amiodarone (5 percent,
P=1.00) (Table 6).
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TABLE 3. DURATION OF ATRIAL
FIBRILLATION.*

AMIODARONE PLACEBO
DURATION (N=15) (N=25)

no. of patients

5-15 minutes 0 2
15-60 minutes 2

1-8 hours 2 5
More than 8 hours 11 16

*There was no significant difference in the dura-
tion of atrial fibrillation between the patients as-
signed to amiodarone therapy and those assigned to
placebo (P=0.61 by chi-square analysis). These data
summarize the duration of only the episodes of atrial

TABLE 4. MEDICAL THERAPY WHEN EPISODES
OF ATRIAL FIBRILLATION OCCURRED AFTER
HosPITAL DISCHARGE. *

THERAPY AmioDARONET PLACEBO

no. of patients

Beta-blocker 0 2

Calcium-channel 0 2
blocker

Class I or class IIT an- 0 0
tiarrhythmic agent

Digitalis 1 4

Diuretic 1 4

ACE inhibitort 1 2

Nitrate 0 0

*One patient in the amiodarone group (2 percent)
and seven patients in the placebo group (12 percent)
were receiving medical therapy when episodes of
atrial fibrillation occurred after discharge.

tP=0.03 for the comparison with placebo.

$ACE denotes angiotensin-converting enzyme.

TABLE 5. INTRAOPERATIVE COMPLICATIONS.

COMPLICATION AMIODARONE* PLAcEBO
no. (%)

Excessive suture-line 2 2
bleeding

Ventricular tachycardia 1 3
or fibrillation

Persistent atrial tachy- 0 2
cardia

Marked hypotension 0 1
requiring brief CPRf

Total 3(5) 8 (13)

*P=0.12 for the comparison with placebo.

TCPR denotes cardiopulmonary resuscitation.
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