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ABSTRACT

Background Vesnarinone, an inotropic drug, was
shown in a short-term placebo-controlled trial to im-
prove survival markedly in patients with severe heart
failure when given at a dose of 60 mg per day, but
there was a trend toward an adverse effect on sur-
vival when the dose was 120 mg per day. In a longer-
term study, we evaluated the effects of daily doses
of 60 mg or 30 mg of vesnarinone, as compared with
placebo, on mortality and morbidity.

Methods We enrolled 3833 patients who had symp-
toms of New York Heart Association class Ill or IV
heart failure and a left ventricular ejection fraction of
30 percent or less despite optimal treatment. The
mean follow-up was 286 days.

Results There were significantly fewer deaths in
the placebo group (242 deaths, or 18.9 percent) than
in the 60-mg vesnarinone group (292 deaths, or 22.9
percent) and longer survival (P=0.02). The increase
in mortality with vesnarinone was attributed to an
increase in sudden death, presumed to be due to ar-
rhythmia. The quality of life had improved signifi-
cantly more in the 60-mg vesnarinone group than in
the placebo group at 8 weeks (P<0.001) and 16
weeks (P=0.003) after randomization. Trends in mor-
tality and in measures of the quality of life in the 30-
mg vesnarinone group were similar to those in the
60-mg group but not significantly different from
those in the placebo group. Agranulocytosis oc-
curred in 1.2 percent of the patients given 60 mg of
vesnarinone per day and 0.2 percent of those given
30 mg of vesnarinone.

Conclusions Vesnarinone is associated with a dose-
dependent increase in mortality among patients with
severe heart failure, an increase that is probably re-
lated to an increase in deaths due to arrhythmia. A
short-term benefit in terms of the quality of life raises
issues about the appropriate therapeutic goal in treat-
ing heart failure. (N Engl J Med 1998;339:1810-6.)
©1998, Massachusetts Medical Society.

HE search for a positive inotropic drug
that could relieve symptoms and improve
the prognosis in patients with heart failure
who were already being treated with angi-
otensin-converting—enzyme (ACE) inhibitors led to
the development of vesnarinone, a drug with multiple
mechanisms that appears to enhance contractility
through ion-channel effects that augment sodium—
calcium exchange.!® Short-term administration of ves-
narinone to patients with heart failure was associated
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with limited and variable hemodynamic effects,*6
but small placebo-controlled trials showed a favor-
able effect on the quality of life and morbidity.?8 In
a multicenter study initiated in 1990, 577 patients
with New York Heart Association (NYHA) class II1
or IV heart failure were randomly assigned to receive
placebo or 60 mg of vesnarinone daily for six months
(some patients were assigned to 120 mg of vesnari-
none, but this part of the trial was stopped early). The
primary end point was combined mortality and ma-
jor cardiovascular morbidity.® A remarkable and sig-
nificant 50 percent reduction in the combined end
point and a 62 percent reduction in mortality from
all causes were observed in the vesnarinone-treated
group. Concern was aroused, however, by the occur-
rence of neutropenia, a dangerous side effect of the
drug, in this and earlier clinical trials.®?

These results were problematic for several reasons.
First, the duration of the trial was short (six months),
and the total number of events was small (46 deaths).
Second, two vesnarinone regimens (60 mg and 120
mg daily) were studied, and the higher-dose regi-
men was discontinued early by the data and safety
monitoring committee because of a trend toward an
adverse effect on mortality. Finally, the side-eftect pro-
file suggested the need for a larger study to establish
the risk—benefit ratio of the drug.

We therefore initiated the Vesnarinone Trial in Jan-
uary 1995 to study the long-term effects of 60 mg or
30 mg of vesnarinone daily in a trial sufficiently large
to enable us to determine the effects of vesnarinone
on both mortality and morbidity among patients
who had reduced left ventricular ejection fractions and
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symptoms of severe heart failure while being treated
with standard therapy, including ACE inhibitors.

METHODS

Patients

This randomized, double-blind study was carried out in 189
centers in the United States and Canada. Men and women over
the age of 18 years were eligible if they had a history and physical
findings of severe heart failure with an ejection fraction of 30 per-
cent or less, as measured by radionuclide or radiographic contrast
ventriculography within the previous 90 days. Patients had to
have symptoms of NYHA class III or IV heart failure despite con-
ventional therapy that could consist of any regimen of diuretics,
digitalis, vasodilators, and ACE inhibitors that had not been
changed during the 30 days before the study began.

Patients were excluded if they had had an acute myocardial in-
farction or cardiac surgery within the previous 60 days, or if they
had clinically significant obstructive valvular or subvalvular dis-
case, reversible myocardial disease, an implanted defibrillator, a
history of hematologic or immunologic disease, or cancer likely
to limit life expectancy. Women of childbearing potential were ex-
cluded unless they were practicing effective contraception; wom-
en were not eligible within 60 days after childbirth. Treatment
with beta-blockers or intermittent inotropic support excluded pa-
tients from participation. Patients on a waiting list for a heart
transplant were eligible if they were unlikely to receive a trans-
plant in the next six months.

Study Design

After a two-week stabilization period, during which all medica-
tions and clinical findings remained unchanged, eligible patients
were randomly assigned to receive placebo, 30 mg of vesnarinone
per day, or 60 mg of vesnarinone per day. Patients on a waiting list
for a heart transplant underwent randomization separately. Base-
line and periodic assessments included the Minnesota Living with
Heart Failure questionnaire! to assess the quality of life, electro-
cardiography, blood chemistry, hematologic measurements, ascer-
tainment of adverse events, and physical examination.

Outcome Variables

The primary outcome variable was mortality from all causes,
with the effects of 30 mg of vesnarinone and 60 mg of vesnari-
none compared separately with those of placebo. One secondary
outcome was the combination of mortality from all causes and
major morbidity due to heart failure, defined as admission to the
hospital for worsening heart failure that required treatment with
intravenous inotropic or vasodilator drugs for at least four hours.
Additional secondary outcomes included measures of the quality
of life, the incidence of sudden death due to cardiac causes (as
distinguished from death due to progressive heart failure), the
number of hospitalizations and visits to an emergency room for
heart failure, and the incidence of adverse events.

Statistical Analysis

On the assumption that mortality in the placebo group would
be 20 percent in the first year and in order to give the study a 90
percent power of detecting a 30 percent reduction in mortality in
the vesnarinone groups, a sample size of 3618 (1206 per treat-
ment group) was required. An overall significance level of 0.05 for
this trial was established; pairwise comparison of each active-drug
group with placebo required a Bonferroni adjustment to set the
alpha value for each two-sided comparison at 0.025. To reach the
calculated power, the study was planned to end when 232 deaths
had occurred in the placebo group. Sequential monitoring by the
data and safety monitoring committee at six-month intervals was
performed with use of the symmetric O’Brien—Fleming spending
function to maintain an alpha level of 0.025 at the end of the trial
for each drug—placebo comparison. Comparisons of survival were

made with use of the Cox proportional-hazards model. The final
P value for each drug—placebo comparison was adjusted to account
for the repeated testing performed by the data and safety moni-
toring committee. Survival and morbidity were evaluated by time-
to-event analysis with adjustment for mortality-related covariates
to improve the precision of the estimate of the effect of treatment.
Survival curves and other time-to-event curves were calculated by
the Kaplan—Meier method. All analyses were conducted on an in-
tention-to-treat basis. Changes in the scores on the Minnesota
Living with Heart Failure questionnaire were compared between
treatment groups with the Wilcoxon rank-sum test, without ad-
justment for multiple comparisons.

RESULTS

A total of 3833 patients were enrolled between
January 26, 1995, and July 10, 1996. The data and
safety monitoring committee reviewed interim study
data in June 1995, September 1995, December 1995,
February 1996, and monthly thereafter until the study
was stopped on July 31, 1996, at which point the
prespecified total number of deaths in the placebo
group had occurred.

Base-Line Demographic and Clinical Characteristics

Patients in the three groups were similar in terms
of base-line characteristics (Table 1). They were an
average of 63 years of age; approximately 76 percent
were men; and 84 percent were white. Nearly 60 per-
cent had been given a diagnosis of ischemic cardio-
myopathy due to coronary artery disease. Ninety per-
cent were taking an ACE inhibitor at the time of
randomization. The ejection fraction averaged 21 per-

TABLE 1. BASE-LINE CHARACTERISTICS OF THE PATIENTS.*

130 mg 60 mg
PLACEBO  OF VESNARINONE OF VESNARINONE

CHARACTERISTIC (N=1283) (N=1275) (N=1275)
Age (yr) 629+119 629+124 63.3+11.9
Male sex (%) 75.0 75.4 78.5
White race (%) 83.9 84.7 83.6
Ischemic cause of heart 57.6 56.6 60.3

failure (%)
NYHA class (%)t

111 84.9 85.3 84.4
v 139 13.2 14.2

History of hypertension (%) 55.3 51.9 55.8
Smoker (%) 12.7 13.7 12.1
Excess alcohol consump- 24.6 22.0 24.2

tion (%)
Time since diagnosis (mo) 51.0£51.7  52.8+56.3 52.5%£52.9
On waiting list for trans- 4.7 4.9 5.3

plantation (%)
ACE inhibitor treatment (%) 90.5 90.4 89.2
Ejection fraction (%) 20.9+6.0 20.9+6.0 20.9+6.0
Cardiothoracic ratio 0.56x0.07 0.56+0.08 0.56%0.07

*Plus—minus values are means =SD. NYHA denotes New York Heart
Association, and ACE angiotensin-converting enzyme.

tPercentages do not total 100 because some patients had class IT heart
failure.
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cent. The mean follow-up was 286 days; 90 percent
of the patients who underwent randomization were
followed from 59 to 489 days.

Mortality

During the course of the trial, there were 242
deaths in the placebo group (18.9 percent), 268 in
the 30-mg vesnarinone group (21.0 percent), and
292 in the 60-mg vesnarinone group (22.9 per-
cent). The time to death from any cause was signif-
icantly shorter in the 60-mg vesnarinone group than
in the placebo group (P=0.02) (Fig. 1). After ad-
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Figure 1. Survival in the Three Groups.
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Figure 2. Subgroup Analysis of Hazard Ratios and 95 Percent
Confidence Intervals for Death from Any Cause among Patients
Assigned to Receive 60 mg of Vesnarinone per Day as Com-
pared with Those Assigned to Receive Placebo.

The dotted line (hazard ratio, 1.0) indicates the risk of death in
the placebo group.
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justment for multiple interim analyses, the P value
remained 0.02. The trend toward an adverse effect
of the 30-mg dose of vesnarinone, as compared with
placebo, was not significant (P=0.21).

Since data on heart-transplant recipients were cen-
sored at the time of transplantation in the primary
analysis, a secondary analysis was carried out to eval-
uate the time to death or heart transplantation. This
analysis also showed an adverse effect of the 60-mg
dose of vesnarinone as compared with placebo
(P=0.04).

The effect of the 60-mg dose of vesnarinone on
mortality from all causes was separately evaluated in
a number of prespecified subgroups (Fig. 2). For the
60-mg vesnarinone group, the hazard ratio was
greater than 1.0 for all subgroups. The 95 percent
confidence interval for the hazard ratio did not over-
lap 1.0 for several subgroups: patients with ischemic
heart disease, those with ejection fractions below
the median (21 percent), those who were 70 years
of age or older, those with a NYHA functional class
of III or lower, and those with a cardiothoracic ratio
greater than 0.55.

The number of deaths attributed to worsening
heart failure by a morbidity and mortality committee
whose members were unaware of the patients’ treat-
ment assignments was similar in the three groups,
whereas the number of deaths presumed to be re-
lated to an arrhythmia (sudden death from cardiac
causes) was higher in the vesnarinone groups (Table
2). The distribution of cause-specific deaths differed
significantly between the 60-mg vesnarinone group
and the placebo group (P=0.02). Analysis of time to
death from cardiac causes (P=0.04) and time to sud-
den death from cardiac causes (P=0.01) showed a
significant adverse effect of 60 mg of vesnarinone per
day as compared with placebo.

Major Morbidity

No significant difference in the numbers of pa-
tients hospitalized for major episodes of heart failure
was observed among the three groups (placebo
group, 237 patients; 30-mg vesnarinone group, 232
patients; 60-mg vesnarinone group, 217 patients).
Death or major morbidity due to heart failure oc-
curred in 29.8 percent of the placebo group, 31.0
percent of the 30-mg vesnarinone group, and 32.2
percent of the 60-mg vesnarinone group. The time
to the combined end point of mortality and mor-
bidity did not differ significantly among the three
groups (60-mg vesnarinone group vs. placebo group,
P=0.25; 30-mg vesnarinone group vs. placebo
group, P=0.63). Only in the subgroup of patients
with ischemia (P=0.08), the subgroup of patients
70 years of age or older (P=0.08), and the sub-
group with NYHA class III or lower heart failure
(P=0.07) was there a trend toward an adverse effect
of 60 mg of vesnarinone per day as compared with
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TABLE 2. CAUSES OF DEATH IN THE THREE GROUPS.*

VARIABLE PLAceso (N=1283)
% OF
RANDOMIZED % OF
NO. PATIENTS ~ DEATHS
Death from any cause 242 18.9 100
Death from cardiac causes 231 18.0 95.5
Sudden death} 117 9.1 48.3
Pump failure 109 8.5 45.0
Myocardial infarction 5 0.4 2.1
Death from noncardiac causes 11 09 4.5

30 mg oF VESNARINONE 60 mg OF VESNARINONE

(N=1275) (N=1275)
% OF % OF
RANDOMIZED % OF RANDOMIZED % OF

NO. PATIENTS ~ DEATHS NO. PATIENTS DEATHS

268 21.0 100 292 229 100
248 19.5 92.5 271 21.3t 92.8
136 10.7 50.7 157 12.3 53.8
106 8.3 39.6 106 8.3 36.3
6 0.5 22 8 0.6 2.7
20 1.6 7.5 21 1.6 7.2

*Because of rounding, not all percentages total 100.

1P =0.02 for the distribution of cardiac causes of death in the 60-mg vesnarinone group as compared with the placebo group.

fHazard ratio for sudden death in the 60-mg vesnarinone group as compared with the placebo group, 1.35 (95 percent confidence interval,

1.08 to 1.69).

TABLE 3. MAJOR MORBIDITY IN THE THREE GROUPS.

30 mg 60 mg
PLACEBO OF VESNARINONE OF VESNARINONE
EVENT (N=1283) (N=1275) (N=1275)

number of patients (percent of total)

Any hospitalization 635 (49.5) 602 (47.2) 617 (48.4)
For cardiac disease 509 (39.7) 488 (38.3) 487 (38.2)
For worsening heart 360 (28.1) 342 (26.8) 335 (26.3)

failure

Emergency room visit 226 (17.6) 210 (16.5) 214 (16.8)
For cardiac disease 49 (3.8) 58 (4.5) 50 (3.9)

placebo. No significant difference in overall morbid-
ity due to cardiovascular causes was observed among
the three treatment groups (Table 3), and the time
to a first hospitalization was similar in the three
treatment groups.

Quality of Life

The median score on the Minnesota Living with
Heart Failure questionnaire at base line was 55.7
(mean, 53.3), a value consistent with a severe degree
of disability, as expected in patients with NYHA
class III or IV heart failure. All three groups had im-
provement (indicated by a reduction in the score)
during follow-up (Table 4). Improvements at 8 weeks
and 16 weeks in the 60-mg vesnarinone group were
significantly greater than those in the placebo group
(P<0.001 and P=0.003, respectively). By 26 weeks
the difference in the degree of improvement be-
tween the groups was not significant (P=0.41).

Scores on the Minnesota Living with Heart Fail-
ure questionnaire can be subdivided into emotional
and physical scores. Both scores improved more with

60 mg of vesnarinone per day than with placebo
(emotional dimension, P=0.001 at 8 weeks and
P=0.005 at 16 weeks; physical dimension, P=0.009
at 8 weeks and P=0.01 at 16 weeks).

Since the quality of life can be assessed only for
survivors, imputing the worst possible scores to pa-
tients who died or underwent heart transplantation
is a standard technique in intention-to-treat analysis.
Such imputation did not eliminate the overall benefit
of the 60-mg dose of vesnarinone over placebo on the
Minnesota Living with Heart Failure questionnaire
at 8 weeks (P=0.003), but it did reduce the signifi-
cance of the favorable effect at 16 weeks (P=0.08).

We also analyzed the distribution of changes in
scores on the Minnesota Living with Heart Failure
questionnaire. At 8 weeks, scores had improved by
more than 15 points among 28.9 percent of the pa-
tients in the 60-mg vesnarinone group, as compared
with 23.8 percent of the patients in the placebo group.
Similarly, scores had worsened by more than 15
points among 6.2 percent of the patients in the 60-
mg vesnarinone group, as compared with 8.4 per-
cent of those in the placebo group. The favorable in-
dividual response to vesnarinone at eight weeks was
particularly apparent in patients with class IV heart
failure; among such patients, 38.9 percent of the 60-
mg vesnarinone group had scores showing improve-
ment and 5.9 percent had scores showing a decline
in the quality of life, as compared with 20.6 percent
and 9.2 percent, respectively, in the placebo group.
The changes in scores at 16 weeks were similar.

Adverse Events

Vesnarinone was well tolerated, with a similar in-
cidence of adverse events in the three groups except
for significant dose-related increases in the incidence
of diarrhea and leukopenia in the vesnarinone groups.
Diarrhea was reported by 17.0 percent of the pa-
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TABLE 4. QUALITY-OF-LIFE SCORES IN THE THREE GROUPS.*

VARIABLE PLACEBO

MEDIAN  MEAN *SD MEDIAN
Base-line score 55 53.3£23.6 -56
Change at 8 wk -5 —=59=*18.0 -5
Change at 16 wk -6 —7.3%x20.1 -5
Change at 26 wk -7 —-8.6x214 =7

30 mg oF VESNARINONE

60 mg OF VESNARINONE

MEAN =SD P VALUE MEDIAN  MEAN £SD P VALUE
53.4*245 56 53.3t24.4
—-6.9+18.5 0.34 -7 —-8.8%t18.2 <0.001
—7.4+20.3 0.74 -8 —-10.1%x19.7 0.003
—8.4*21.7 0.83 -7 =10.0=20.9 0.41

*Lower scores indicate better quality of life. P values are for the comparison of the medians with those in the placebo

group.

tients in the 60-mg vesnarinone group, as compared
with 12.0 percent of the patients in the placebo group
(P<<0.001) and 14.5 percent of the patients in the
30-mg vesnarinone group (P not significant). Leu-
kopenia, which occurred in 2.5 percent of the ves-
narinone group in previous trials, was less common in
this study. Agranulocytosis occurred in 15 patients
assigned to 60 mg of vesnarinone per day (1.2 per-
cent), as compared with 3 (0.2 percent) of those in
the 30-mg vesnarinone group and none in the pla-
cebo group (P<0.001).

DISCUSSION

Heart failure is a syndrome characterized by an
impaired quality of life, morbidity requiring fre-
quent hospitalizations, and shortened life expectan-
cy. Although the therapeutic goal has been improve-
ment in all of these adverse outcomes, data from
recent clinical trials have suggested that symptoms
and life expectancy are determined independently
and may not respond in concert to therapeutic inter-
ventions.!! Furthermore, the end point of improve-
ment in exercise tolerance or quality of life is usually
evaluated in short-term trials, lasting three to six
months, whereas mortality and morbidity are usually
evaluated in very large, longer-term trials.

The first multicenter trial of vesnarinone was rel-
atively small and lasted six months, features that
raised questions about the likelihood that the ob-
served benefit would be confirmed in a larger and
longer trial. In addition, the unusual dose—mortality
response in that trial — in which the 60-mg dose of
vesnarinone had a favorable effect on mortality and
the 120-mg dose had an adverse effect — aroused
concern about the safety of the drug and its optimal
dosage. The current trial was designed to address all
these issues and to compare a 30-mg and a 60-mg
dose of vesnarinone with placebo in a trial with high
statistical power.

The dose-related increase in mortality in response
to vesnarinone in our trial was unexpected on the basis
of earlier reports, but it is consistent with the drug-
related increase in mortality previously observed in
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trials of drugs with purported positive inotropic ef-
fects.1214 Although oral vesnarinone has not been
demonstrated to have the hemodynamic eftect of po-
tent cardiac stimulation in patients with heart fail-
ure,*¢ its cellular effects on ion channels would be
expected to increase the availability of cytosolic calci-
um for myocyte contraction.!s

The increased mortality in the vesnarinone groups
was attributed to an increased incidence of sudden
death. This has also been true of the observed in-
crease in mortality in response to milrinone and flo-
sequinan in previous trials.1316 Whether these drugs
exert direct arrhythmic effects or accelerate structur-
al remodeling of the ventricle, thus providing the
substrate for ventricular tachycardia and fibrillation,
is unknown. The favorable effects of ACE inhibitors,
the combination of isosorbide dinitrate and hydral-
azine, and beta-blockers on the incidence of sudden
death appear to be associated with the regression of
structural ventricular remodeling, thus suggesting a
link between ventricular dilatation and lethal ar-
rhythmias.'”18 The effect of vesnarinone on ventric-
ular volume was not assessed in this trial.

Despite the dose-related increase in mortality in
response to vesnarinone, the 60-mg dose of the
drug had a significant favorable effect on the quality
of life as compared with placebo. This benefit, which
was apparent in both the physical and emotional
scores on the questionnaire, suggests that the drug
may exert a positive action either on the function of
the heart or on some aspect of circulatory or neuro-
hormonal abnormalities in patients with heart fail-
ure, possibly including an anticytokine effect.!® The
improvement in the quality of life appeared to be
short-lived, however, since it was present at 8 and 16
weeks but was no longer significant at the final 26-
week assessment.

The contrasting effects of vesnarinone on the
quality of life and on mortality raise profound issues
about therapy for heart failure. Although the increase
in mortality associated with vesnarinone would ap-
pear to eliminate it as a useful drug for heart failure,
patients with severe heart failure are often willing to
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accept a greater risk of death in return for an im-
provement in the quality of life.20 Furthermore, de-
spite the drug-related increase in the incidence of
death, the difference in mortality among all random-
ized patients during the trial was only 4 percentage
points (mortality, 18.9 percent in the placebo group
vs. 22.9 percent in the 60-mg vesnarinone group),
whereas the difference in the proportion with
marked improvement in the quality of life between
the 60-mg vesnarinone group and the placebo
group at eight weeks was 5 percentage points (rate
of improvement, 23.8 percent in the placebo group
vs. 28.9 percent in the vesnarinone group). In pa-
tients with class IV heart failure, the 60-mg dose of
vesnarinone improved the quality of life more than
did placebo (38.9 percent vs. 20.6 percent, a differ-
ence of 18.3 percentage points).

At least three important questions are raised by
these data. First, is the improvement in the quality
of life in individual patients great enough to justify
the increased risk of death in this population? Sec-
ond, can patients who are likely to die suddenly
while receiving vesnarinone be identified so that the
use of this drug can be avoided in these patients?
Third, can the sudden death associated with vesna-
rinone be prevented so that the benefit in terms of
the quality of life can be obtained without increased
mortality? In addition, the apparent limitation of the
improved quality of life to the first 16 weeks of treat-
ment raises the further issue of why the benefit ap-
pears to wane. Our results emphasize the complexity
of applying data from clinical trials to the case of in-
dividual patients. Physicians’ practice is generally to
prescribe drugs that benefit patients and to discon-
tinue drugs that appear to be ineftective. Such clin-
ical judgment cannot be introduced into the design
of a clinical trial that relies on intention-to-treat
analysis and focuses on mean responses in large, het-
erogencous groups of patients.!

Although a relatively high incidence of neutro-
penia in the earlier clinical trials of vesnarinone®?
aroused concern about safety and led to frequent
monitoring of white-cell counts during the first 16
weeks of the protocol, only 1.2 percent of the pa-
tients assigned to the 60-mg dose in our trial had
agranulocytosis, as compared with a 2.5 percent in-
cidence in previous trials. The reason for the lower
incidence in the current trial is unknown.

Another important issue is the contradiction be-
tween the results of the earlier, smaller multicenter
trial and those of the present large study. Examina-
tion of the patient populations in the two trials re-
veals no differences that could reasonably account
for the opposite response to the daily administration
of 60 mg of vesnarinone. The progressive increase in
mortality in our trial from placebo to 30 mg of ves-
narinone per day to 60 mg per day, when combined
with the striking increase in mortality with a daily

dose of 120 mg of vesnarinone in the earlier trial,?
indicates a nearly linear adverse dose—response ef-
fect of vesnarinone. The implication is that trials as-
sessing mortality or mortality and morbidity in pa-
tients with heart failure should have sufficient power,
with enough events and long enough follow-up, to
ensure that the results reliably reflect the long-term
effects of the drug as compared with placebo.
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B. Jaski; Data and Safety Monitoring Committee — R. Capone (chair-
man), J. Wilson, BW. Brown, Jr., M. Hess; Independent Statistician — D.
DeMets; Clinical centers and investigators — E. Kasper, Johns Hopkins
Hospital, Baltimore; J. Strobeck, Valley Hospital, Ridgewood, N.J.; T. Le-
Jemtel, Albert Einstein Hospital, Bronx, N.Y.; E. Powers, University of Vir-
ginia, Charlottesville; G. Hendrix, Medical University of South Carolina,
Charleston; S. Gottlieb, Johns Hopkins Bayview Medical Center, Balti-
more; M. Higginbotham, Duke University Medical Center, Durham, N.C.;
T. DeMarco, University of California, San Francisco; P. Carson, Veterans
Affairs Medical Center and Georgetown University Hospital, Washington,
D.C.; M. Gilbert, University of Utah, Salt Lake City; R. Schlant, Emory
University School of Medicine, Atlanta; R. Wright, Pacific Heart Institute,
Santa Monica, Calif.; J. O’Brien, Fairfax Hospital, Falls Church, Va.; R.
Hershberger, Oregon Health Sciences University, Portland; B. Jaski, San
Diego Cardiac Center, San Diego, Calif.; GW. Dec, Massachusetts General
Hospital, Boston; M. Goodman, Cardiovascular Medical Associates, Gar-
den City, N.Y.; R. Lee, Mayo Clinic, Scottsdale, Ariz.; M. Jessup, Medical
College of Pennsylvania, Philadelphia; A. Feldman, Presbyterian University
Hospital, Pittsburgh; C. Pepine, Veterans Affairs Medical Center, Gaines-
ville, Fla.; A.B. Miller, University of Florida, Jacksonville; J. Abrams, Uni-
versity of New Mexico, Albuquerque; U. Thadani, University of Oklaho-
ma, Oklahoma City; R. Bourge, University of Alabama, Birmingham; G.
Levy, Methodist Hospital, Houston; W. Abraham, University of Colorado,
Denver; M.A. Silver, Loyola University Medical Center, Maywood, Ill.; G.
Bhat, University of Cincinnati, Cincinnati; E. McGrew, III, Cardiology
Group of Memphis, Memphis, Tenn.; M. Fowler, Stanford University
School of Medicine, Stanford, Calif.; R. Hobbs, Cleveland Clinic Founda-
tion, Cleveland; C.A. Vander Ark, University of Wisconsin, Madison; T.B.
Levine, Henry Ford Hospital, Detroit; B. Abramowitz, Christ Hospital and
Medical Center, Oak Lawn, Ill.; S. Kubo, University of Minnesota, Min-
neapolis; S. Brozena, Allegheny University Hospitals, Philadelphia; R. Ro-
deheffer, Mayo Clinic, Rochester, Minn.; C.W. Yancy, Jr., University of Tex-
as Southwestern Medical Center, Dallas; D. Schulman, Allegheny General
Hospital, Pittsburgh; C. Moore, University of Mississippi Medical Center,
Jackson; M.R. Costanzo, Rush—Presbyterian—St. Luke’s Medical Center,
Chicago; C.-S. Liang, University of Rochester Medical Center, Rochester,
N.Y.; G.S. Uhl, Nevada Research Consultants, Las Vegas; S. Krueger, Lin-
coln Cardiology Associates, Lincoln, Nebr.; R. Chahine, Jackson Memorial
Hospital, Miami; J. Bochmer, Milton S. Hershey Medical Center, Hershey,
Pa.; S. Khan, Cedars—Sinai Medical Center, Los Angeles; D. Fishbein, Uni-
versity of Washington, Seattle; E. Haeusslein, California Pacific Medical
Center, San Francisco; M. Greenspan, Buxmont Cardiology Associates,
Sellersville, Pa.; M. Koren, Jacksonville Cardiovascular Clinic, Jacksonville,
Fla.; L. Miller, St. Louis University Hospital, St. Louis; R. Oren, Univer-
sity of Iowa, Towa City; M. Kukin, Mount Sinai Medical Center, New York;
J. Ghali, Louisiana State University, Shreveport; P. McLaughlin, University
of Missouri, Columbia; G. Cintron, University of South Florida, Tampa;
I. Anand, Veterans Affairs Medical Center, Minneapolis; D. Zipes, Kran-
nert Institute, Indianapolis; J. Thatcher, Park Nicollet Heart Center, St.
Louis Park, Minn.; R.D. Ensley, Cardiology of Tulsa, Tulsa, Okla.; R.
Stafford, Mayo Clinic, Jacksonville, Fla.; J. Revkin, Yale University, New
Haven, Conn.; B. Clemson, Heart Care Midwest, Peoria, Ill.; R. Di Bian-
co, Washington Adventist Hospital, Tacoma Park, Md.; D. Gottlieb, South
Seattle Consulting, Seattle; G.C. Fonarow, University of California at Los
Angeles; P. Fenster, University of Arizona Health Sciences Center, Tucson;
E Smart, Ochsner Transplant Center, New Orleans; K. Browne, Watson
Clinic, Lakeland, Fla.; M. Frey, Heart Center of Sarasota, Sarasota, Fla.; A.
Cross, University of Kentucky, Lexington; S. Gottlieb, University of Mary-
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land, Baltimore; K. Adams, University of North Carolina, Chapel Hill; A.
Thomley, Carolinas Medical Center, Charlotte, N.C.; M. Litt, Jacksonville
Heart Center, Jacksonville Beach, Fla.; J. Moran, Midwest Heart Research
Foundation, Lombard, Ill.; H.B. Karunarantne, Definitive Health Services,
Winter Park, Fla.; T. Garland, Garland and Associates, Lawrenceville, N.J.;
R. Schnitzler, San Antonio, Tex.; J. Gorwit, Escondido Cardiology Asso-
ciates, Escondido, Calif.; A. Burger, New England Deaconess Hospital,
Boston; T. Meyer, University of Massachusetts, Worcester; P. Coleman,
Northern California Medical Associates, Santa Rosa; H. Ribner, Newark
Beth Israel Medical Center, Newark, N.J.; P. Willis, III, Michigan State
University, East Lansing; J. Nicklas, University of Michigan, Ann Arbor;
D.J. Farnham, Jackson Foundation, Madison, Wis.; J. Shanes, Gottlieb Pro-
fessional Building, Melrose Park, IIl.; P. Mather, Temple University, Phila-
delphia; E. Massin, Texas Heart Institute, Houston; R. Rosenthal, South
Florida Health Care Associates, Boca Raton; C. Hunter, Cardiac Center of
Creighton University, Omaha, Nebr.; L. Forgosh, Arizona Heart Institute
and Foundation, Phoenix; K. Narahara, Harbor—-UCLA Medical Center,
Torrance, Calif.; U. Elkayam, University of Southern California, Los An-
geles; M. Berk, Cardiovascular Research Institute of Dallas, Dallas; M.
O’Shaughnessy, Stucky Research Institute, Fort Wayne, Ind.; R. Sorkin,
Lutheran General Hospital, Park Ridge, Ill.; S. Gottlieb, Midatlantic Car-
diovascular Associates, Baltimore; S. Gollub, University of Kansas Medical
Center, Kansas City; J. Hosenpud, Medical College of Wisconsin, Milwau-
kee; E. Loh, University of Pennsylvania, Philadelphia; S. Vlay, State Uni-
versity of New York at Stony Brook; S. Woodley, Santa Teresa Kaiser Per-
manente, San Jose, Calif.; R. Karlsberg, Cardiovascular Research Institute
of South California, Beverly Hills; M.T. Olivari, University of Nebraska
Medical Center, Omaha; D. Mann, Houston Veterans Affairs Medical Cen-
ter, Houston; R. Weiss, Androscoggin Cardiology Associates, Auburn,
Me.; D. Swan, Huntington Memorial Hospital, Pasadena, Calif.; B. Massie,
Veterans Affairs Medical Center, San Francisco; R. Siegel, Advanced Car-
diac Specialists, Gilbert, Ariz.; S. Beer, Cardiac Disease Specialists of Atlan-
ta, Atlanta; P. Casale, Lancaster Heart Foundation, Lancaster, Pa.; M. Mi-
lunski, Florida Heart Group, Orlando; J. Walker, Cardiology Research
Associates, Ormond Beach, Fla.; R. Lang, University of Chicago Medical
Center, Chicago; M. Nocero, Jr., Central Florida Cardiology Group, Or-
lando; R. Quigg, Northwestern University Medical School, Chicago; G.
Gregaratos, University of California, Davis, Medical Center, Sacramento;
A. DeMaria, University of California, San Diego; J. Bornheimer, Glendale
Adventist Medical Center, Glendale, Calif.; C. Buchter, University Hospi-
tals of Cleveland, Cleveland; J. Hodsden, Akron General Medical Center,
Akron, Ohio; T. Ramahi, West Haven Veterans Affairs Medical Center,
West Haven, Conn.; J. Wertheimer, Albert Einstein Medical Center, Phil-
adelphia; R. Gilmore, St. Patrick Hospital, Lake Charles, La.; S. Hutchins,
Cardiology Consultants, Little Rock, Ark.; W. Wickmeyer, Iowa Heart
Center, Des Moines; A.J. Bradley, Doctor’s Clinic Research, Vero Beach,
Fla.; W. Smith, Louisiana Cardiovascular Research Center, New Orleans;
C. Porter, Mid-America Heart Cardiology Associates, Kansas City, Mo.; J.
Herre, Cardiology Consultant, Norfolk, Va.; J. Anderson, Cardiovascular
Clinic, Oklahoma City; C. Corder, Oklahoma Foundation for Cardiovas-
cular Research, Oklahoma City; J.E McNeer, Tulsa, Okla.; R. Steingart,
Winthrop University Hospital, Mineola, N.Y.; M. DeWood, Spokane Heart
Research Foundation, Spokane, Wash.; A. Baker, McLeod Heart Institute,
Florence, S.C.; J. Udelson, New England Medical Center, Boston; G. Mac-
Donald, Central Vermont Cardiology, Montpelier; E. Geltman, Washing-
ton University, St. Louis; T.D. Michael, Central Cardiology Medical Clinic,
Bakersfield, Calif.; R. Jantz, Western Heart Specialists, Denver; M. Hall,
Summit Cardiology, Seattle; J. Bonanno, Specialty Medical Clinic, Encini-
tas, Calif.; R. Schneider, University Cardiology, Tamarac, Fla; M. McIvor,
Cardiology Consultants, St. Petersburg, Fla.; S. Graham, University of Buf-
falo, Buffalo, N.Y.; M. Lesser, Osler Medical, Melbourne, Fla.; L. Gerber,
Southwest Florida Heart Group, Fort Myers; G. Gooden, Gessler Clinic,
Winter Haven, Fla.; S. Wagner, University of Louisville, Louisville Ky.; W.
Old, Cardiovascular Associates, Norfolk, Va.; S. Mookherjee, Veterans Af-
fairs Medical Center, Syracuse, N.Y.; J. Becker, Heart Group, Evansville,
Ind.; P. Overlie, Lubbock Cardiology Associates, Lubbock, Tex.; M. Huth,
Medford Clinic, Medford, Oreg.; R. DuBroft, Southwest Cardiology As-
sociates, Albuquerque, N.M.; M. Wilson, Millard Fillmore Hospital, Buf-
falo, N.Y.; R. Feldman, Ocala Heart Institute, Ocala, Fla.; E Heinemann,
Central Arkansas Cardiovascular Institute, Hot Springs; G. Okonski, Valley
Heart Association, Modesto, Calif.; J. Allen, Covina, Calif.,; M. Tonkon,
Anaheim Heart and Research Institute, Anaheim, Calif.; B.D. Silverman,
Northside Hospital, Atlanta; R. Bhalla, Nassau Bay, Tex.; J. Klueger, Hart-
ford Hospital, Hartford, Conn.; D. Phillips, West Florida Clinical Research
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Center, Pensacola; M. Dibner-Dunlap, Cleveland Veterans Aftairs Medical
Center, Cleveland; M. Walsh, Northside Cardiology, Indianapolis; E. Fry,
Nasser, Smith and Pinkerton Cardiology, Indianapolis; S. Olsen, Utah Car-
diology, Layton; J. Moench, North Central Heart Institute, Sioux Falls,
S$.D.; JW. Richardson, Medical Associates Clinic, Dubuque, ITowa; K.J.
Heilman, New Mexico Heart Institute, Albuquerque; K. Callender, Scott
and White Hospital, Temple, Tex.; I. Loh, Ventura Heart Institute, Thou-
sand Oaks, Calif;; P. Liu, Toronto General Hospital, Toronto,; M. White,
Montreal Heart Institute, Montreal; H. Mizgala, Vancouver Hospital, Van-
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