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ABSTRACT

Background The role of cardiac glycosides in treat-
ing patients with chronic heart failure and normal si-
nus rhythm remains controversial. We studied the
effect of digoxin on mortality and hospitalization in
a randomized, double-blind clinical trial.

Methods In the main trial, patients with left ven-
tricular ejection fractions of 0.45 or less were random-
ly assigned to digoxin (3397 patients) or placebo
(3403 patients) in addition to diuretics and angioten-
sin-converting—enzyme inhibitors (median dose of
digoxin, 0.25 mg per day; average follow-up, 37
months). In an ancillary trial of patients with ejection
fractions greater than 0.45, 492 patients were random-
ly assigned to digoxin and 496 to placebo.

Results In the main trial, mortality was unaffect-
ed. There were 1181 deaths (34.8 percent) with dig-
oxin and 1194 deaths (35.1 percent) with placebo
(risk ratio when digoxin was compared with placebo,
0.99; 95 percent confidence interval, 0.91 to 1.07;
P=0.80). In the digoxin group, there was a trend to-
ward a decrease in the risk of death attributed to wor-
sening heart failure (risk ratio, 0.88; 95 percent con-
fidence interval, 0.77 to 1.01; P=0.06). There were
6 percent fewer hospitalizations overall in that group
than in the placebo group, and fewer patients were
hospitalized for worsening heart failure (26.8 percent
vs. 34.7 percent; risk ratio, 0.72; 95 percent confi-
dence interval, 0.66 to 0.79; P<<0.001). In the ancillary
trial, the findings regarding the primary combined
outcome of death or hospitalization due to worsen-
ing heart failure were consistent with the results of
the main trial.

Conclusions Digoxin did not reduce overall mor-
tality, but it reduced the rate of hospitalization both
overall and for worsening heart failure. These find-
ings define more precisely the role of digoxin in the
management of chronic heart failure. (N Engl J Med
1997;336:525-33.)
©1997, Massachusetts Medical Society.

LTHOUGH digoxin is one of the most

commonly prescribed drugs for the treat-

ment of heart failure, there is uncertainty

about its long-term efficacy and safety.!-
Several recent short-term, randomized trials indi-
cated that withdrawing digoxin worsens functional
status, exercise capacity, and the left ventricular ejec-
tion fraction in patients with heart failure.+> However,
the long-term effect of digoxin on mortality and
hospitalization for heart failure or other causes is un-
known. We conducted a randomized, double-blind,
placebo-controlled trial to evaluate the effects of dig-
oxin (Lanoxin, Glaxo Wellcome) on mortality from
any cause (the primary end point) and on hospital-
ization for heart failure (the secondary end point)
over a three-to-five-year period in patients with heart
failure and normal sinus rhythm.¢

METHODS
Design

The rationale and design of the study and the base-line char-
acteristics of the patients have been reported previously.” Patients
were enrolled at 302 clinical centers in the United States and
Canada. The study was organized and conducted by a Steering
Committee representing the National Heart, Lung, and Blood
Institute; the Department of Veterans Aftairs Cooperative Studies
Program; and cardiologists from the United States and Canada.
An independent Data and Safety Monitoring Board monitored
the progress of the study. The study was approved by the institu-
tional review board at each participating center. All the patients
gave written informed consent.

Eligibility

Patients were eligible for the main trial if they had heart failure
and a left ventricular ejection fraction of 0.45 or less (6800 pa-
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE STUDY PATIENTS
ACCORDING TO TREATMENT GROUP.*

Dicoxin PLACEBO
CHARACTERISTIC (N=3397) (N=3403)
Age (yr) — mean £SD 63.4+11.0 63.5+£10.8
Ejection fraction — mean *SD 28.6*£8.9 28.4*89
Median duration of CHF — mo 17 16

% of patients

Female sex 22.2 225
Nonwhite race 14.4 14.8
Age >70 yr 26.7 27.4
Method of assessing ejection fraction
Radionuclide ventriculography 65.0 64.2
Two-dimensional echocardiography 295 30.0
Contrast angiography 5.5 5.8
Cardiothoracic ratio >0.55 34.6 34.4
NYHA class
1 13.7 13.0
I 53.3 54.5
111 30.7 30.5
v 2.2 1.9
No. of signs or symptoms of CHF}
0 1.1 1.1
1 2.4 2.0
2 7.1 7.1
3 9.3 8.6
=4 80.1 81.2
Medical history
Previous myocardial infarction 64.7 65.3
Current angina 27.1 26.4
Diabetes 28.3 28.6
Hypertension 45.0 45.8
Previous digoxin use 44.1 44.6
Primary cause of CHF
Ischemic 70.8 70.4
Nonischemic 29.0 29.3
Idiopathic 15.5 14.1
Hypertensive 8.0 9.2
Othert 5.4 6.0
Concomitant medications
Diuretics 81.2 82.2
ACE inhibitors 94.1 94.8
Nitrates 42.1 43.1
Other vasodilators§ 0.9 1.5
Daily dose of study medication prescribed
0.125 mg 17.5 17 4
0.250 mg 70.6 70.0
0.375 mg 10.3 11.3
0.500 mg 1.1 0.9

*CHF denotes congestive heart failure, NYHA New York Heart Associ-
ation, and ACE angiotensin-converting enzyme. Because of rounding, not
all percentages total 100.

tThe clinical signs or symptoms studied included rales, elevated jugular
venous pressure, peripheral edema, dyspnea at rest or on exertion, orthop-
nea, limitation of activity, S; gallop, and radiologic evidence of pulmonary
congestion.

1This category included valvular and alcohol-related causes of congestive
heart failure.

§These drugs included clonidine hydrochloride, doxazosin mesylate, flose-
quinan, labetalol hydrochloride, minoxidil, prazosin hydrochloride, and ter-
azosin hydrochloride.
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tients) and were in normal sinus rhythm. Patients with heart fail-
ure and a left ventricular ejection fraction of more than 0.45 (988
patients) were enrolled in an ancillary trial conducted parallel to
the main study. The diagnosis of heart failure was based on cur-
rent or past clinical symptoms (limitation of activity, fatigue, and
dyspnea or orthopnea), signs (edema, elevated jugular venous
pressure, rales, or S, gallop), or radiologic evidence of pulmonary
congestion. Patients were eligible for the study whether or not
they were already being treated with digoxin. The left ventricular
cjection fraction was assessed by radionuclide left ventriculogra-
phy, left ventricular contrast angiography, or two-dimensional
echocardiography. The criteria for exclusion from the study have
been published previously.”

Randomization, Dose Titration, and Follow-up

In telephone conversations between the clinical centers and the
data coordinating center from February 1991 through August
1993, the patients were randomly assigned to receive digoxin or
placebo. The randomization was stratified according to center
and left ventricular ejection fraction (<0.45 or >0.45). The rec-
ommended initial dose of the study drug was determined with an
algorithm that took into account the patient’s age, sex, weight,
and renal function.® The investigators were permitted to modify
the dose on the basis of other factors, such as the previous dose
of digoxin and the use of concomitant drugs that might alter dig-
oxin pharmacokinetics, and they were strongly encouraged to give
the patients angiotensin-converting—enzyme inhibitors. Patients
who were using digoxin before entry into the study were random-
ly assigned to receive cither digoxin or placebo without a washout
period. All the patients returned for follow-up visits 4 weeks and
16 weeks after randomization and every 4 months thereafter. At
cach follow-up visit, data were recorded on changes in clinical and
functional status, the use of selected nonstudy drugs, hospitaliza-
tion, adherence to the study regimen, and side effects. When pa-
tients had worsening symptoms of heart failure, it was recom-
mended that other therapy for heart failure be used in an optimal
fashion. If the patients remained symptomatic despite efforts to
optimize other forms of treatment, open-label treatment with
digoxin was allowed and the study drug was discontinued.

Outcomes

The primary outcome studied in the main trial was mortality.
The secondary outcomes were mortality from cardiovascular
causes, death from worsening heart failure, hospitalization for
worsening heart failure, and hospitalization for other causes, in
particular suspected digoxin toxicity. In the ancillary trial, the oc-
currence of death or hospitalization due to worsening heart fail-
ure was studied as a combined primary outcome. At this writing,
the vital status of 47 patients assigned to digoxin and 46 patients
assigned to placebo in the main trial (1.4 percent of the total) re-
mains unknown.

Classification of Outcomes

Each investigator classified the cause of death or the primary
diagnosis leading to hospitalization without knowing the pa-
tient’s study-drug assignment and after reviewing the patient’s
hospital chart or interviewing relatives. Deaths due to worsening
heart failure were classified as such even if the final event was an
arrhythmia. Suspected digoxin toxicity was diagnosed according
to the judgment of the investigator.

Statistical Analysis

All the analyses were performed on an intention-to-treat basis
with two-sided P values. A stratified log-rank statistic was used to
compare the survival distributions in the two study groups. Kap-
lan—Meier analysis was used to construct life-table plots. In com-
paring the digoxin and placebo groups, we estimated the risk ra-
tio associated with an event and calculated the 95 percent
confidence interval from the Cox proportional-hazards model.
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The Wilcoxon rank-sum test was used to determine any differenc-
es between groups in the number of hospitalizations. The Cox
proportional-hazards model was also used to test for interactions
between the study assignments and predefined variables that
included the left ventricular ejection fraction (<0.25 vs. 0.25
to 0.45), heart size (cardiothoracic ratio, <0.55 vs. >0.55), the
cause of heart failure (ischemic vs. nonischemic), digoxin use be-
fore the trial (any vs. none), and New York Heart Association
(NYHA) functional class (I or II vs. IIT or IV). In this article we
report primarily the results of the main trial.

The data were reviewed every six months by the Data and Safe-
ty Monitoring Board. December 31, 1995, was chosen in advance
as the date on which identification of events would terminate.

Data on the 93 patients whose vital status was unknown on De-
cember 31, 1995, were censored as of the date of their most recent
follow-up visit. A sensitivity analysis in which we assumed cither that
all the placebo patients had died or that all the digoxin patients had
died did not change the overall results with respect to mortality.

RESULTS
Main Trial (Left Ventricular Ejection Fraction, <0.45)

Except as otherwise specified, the results reported
here are those of the main trial. In that trial, there
were no significant differences in base-line character-
istics between the 3397 patients assigned to digoxin
and the 3403 patients assigned to placebo (Table 1).
The mean duration of follow-up was 37 months
(range, 28 to 58).

Mortality

There were 1181 deaths in the digoxin group
(34.8 percent) and 1194 deaths in the placebo

group (35.1 percent) (risk ratio when digoxin was
compared with placebo, 0.99; 95 percent confi-
dence interval, 0.91 to 1.07; P=0.80) (Fig. 1 and
Table 2).

There were 1016 deaths from cardiovascular caus-
es in the digoxin group (29.9 percent) and 1004
such deaths in the placebo group (29.5 percent) (risk
ratio, 1.01; 95 percent confidence interval, 0.93 to
1.10; P=0.78). In the digoxin group as compared
with the placebo group, there was a trend toward
a lower risk of mortality attributable to worsening
heart failure (number of deaths, 394 vs. 449; risk ra-
tio, 0.88; 95 percent confidence interval, 0.77 to
1.01; P =0.006) (Fig. 2).

Hospitalizations for Heart Failure and Arrhythmia

Fewer patients were hospitalized for worsening
heart failure in the digoxin group (910) than in the
placebo group (1180) (risk ratio, 0.72; 95 percent
confidence interval, 0.66 to 0.79; P<<0.001) (Table
3). In all, there were 1927 hospitalizations with
worsening heart failure as the primary diagnosis in
the digoxin group and 2553 such hospitalizations in
the placebo group. There was no significant difter-
ence between the groups in the number of patients
hospitalized for ventricular arrhythmia or cardiac ar-
rest (142 vs. 145). The risk of death from any cause
or hospitalization for worsening heart failure was
lower in the digoxin group (risk ratio, 0.85; 95 per-
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Figure 1. Mortality in the Digoxin and Placebo Groups.

The number of patients at risk at each four-month interval is shown below the figure.
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