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Abstract
BACKGROUND—In the Beta-Blocker Evaluation of Survival Trial (BEST) trial, systolic blood
pressure (SBP) ≤120 mm Hg was an independent predictor of poor prognosis in ambulatory
patients with chronic systolic heart failure (HF). Because SBP is an important predictor of
response to beta-blocker therapy, the BEST protocol had pre-specified a post hoc analysis to
determine if the effect of bucindolol varied by baseline SBP.

METHODS—In the BEST, 2706 patients with chronic systolic (left ventricular ejection fraction
<35%) HF and New York Heart Association class III (92%) or IV (8%) symptoms and receiving
standard background therapy were randomized to receive either bucindolol (n=1354) or placebo
(n=1354). Of these, 1751 had SBP ≤120 mm Hg and 955 had SBP >120 mm Hg at baseline.

RESULTS—Among patients with SBP >120 mm Hg, all-cause mortality occurred in 28% and
22% of patients receiving placebo and bucindolol, respectively (hazard ratio when bucindolol was
compared with placebo, 0.77; 95% confidence interval, 0.59–0.99; P=0.039). In contrast, among
those with SBP ≤120 mm Hg, 36% and 35% of patients in the placebo and bucindolol groups died,
respectively (hazard ratio, 0.95; 95% confidence interval, 0.81–1.12; P=0.541). Hazard ratios
(95% confidence intervals) for HF hospitalization associated with bucindolol use were 0.70 (0.56–
0.89; P=0.003) and 0.82 (0.71–0.95; P=0.008) for patients with SBP >120 and ≤120 mm Hg,
respectively.

CONCLUSION—Bucindolol, a nonselective beta-blocker with weak alpha-blocking properties,
significantly reduced HF hospitalization in systolic HF patients regardless of baseline SBP.
However, bucindolol reduced mortality only in those with SBP >120 mm Hg.
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In the Beta-Blocker Evaluation of Survival Trial (BEST) trial, the presence of baseline
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Correspondence: Dr. Michel White, Montreal Heart Institute, 5000 Belanger Street East, Montreal, Quebec, H1T 1C8, Canada.
Telephone: 514-376-3330; Fax: 514-376-1355; m_white@icm-mhi.com.

Disclosures
None.

NIH Public Access
Author Manuscript
Can J Cardiol. Author manuscript; available in PMC 2013 September 11.

Published in final edited form as:
Can J Cardiol. 2012 May ; 28(3): 354–359. doi:10.1016/j.cjca.2011.07.004.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



in ambulatory patients with chronic systolic heart failure (HF).1 Because SBP is an
important predictor of response to beta-blocker therapy, the BEST protocol had pre-
specified a post hoc analysis to determine if the effect of bucindolol varied by baseline
SBP.2 However, to the best of our knowledge, that important post hoc analysis has never
been conducted or reported. The objective of this study was to examine if the effect of
bucindolol on outcomes varied by baseline SBP.

METHODS
Study design and participants

The BEST was a multicenter randomized placebo-controlled clinical trial of bucindolol, a
non-selective beta-blocker, in patients with HF, the details of which have been previously
described.2, 3 Briefly, 2708 HF patients with New York Heart Association (NYHA) class
III-IV symptoms and left ventricular ejection fraction (LVEF) <35% were enrolled from 90
different sites across the United States and Canada between May 1995 and December 1998,
and were randomized to receive bucindolol or placebo. Over 90% of all patients were
receiving angiotensin-converting enzyme (ACE) inhibitors, diuretics, and digitalis. Patients
were followed up for a mean duration of 2 years. BEST was sponsored by the US
Department of Veterans Affairs and the US National Heart, Lung and Blood Institute. The
latter provided a public-use copy of the BEST dataset used for the current analysis. The
public-use copy of the data is similar to the original BEST data, and all but one patient
consented to be included in the de-identified public-use copy of the data.

SBP measurements
Data on SBP and other characteristics were measured and documented by study
investigators. Data on baseline SBP were available on 2706 participants, of which 1751
(65%) had SBP ≤120 (median, 108; range, 70–120) mm Hg and 955 had SBP >120 (median,
134; range 121–192) mm Hg. Because SBP 120 mm Hg has been recommended as target
SBP for HF patients,4 and because BEST participants with SBP <120 mm Hg had poor
outcomes,1 we used 120 mm Hg as the cutoff for SBP in our study.

Outcomes
Primary outcomes for the current analysis were all-cause mortality and HF hospitalization
during 4.1 years of follow-up (mean, 2 years; range, 10 days to 4.14 years). Secondary
outcomes were sudden cardiac death, HF mortality and cardiovascular mortality, and all-
cause hospitalization.

Statistical analysis
Baseline characteristics between patients in the placebo and bucindolol groups were
examined separately among patients in the two SBP groups, and were tested using chi-
square and student’s t-tests as appropriate. Kaplan-Meier survival analyses and Cox
regression analyses were used to determine the effect of bucindolol on outcomes separately
in the two SBP groups. Log-minus-log scale survival plots were used to check proportional
hazards assumptions. All statistical tests were two-tailed with a P-value <0.05 considered
significant. All data analyses were performed using SPSS for Windows version 15 (SPSS
Inc., Chicago, IL).
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RESULTS
Baseline characteristics

As presented in the original report, BEST participants had a mean (±standard deviation) age
of 60 (±12) years, 22% were women and 23% were African American.3 Also, as presented
before, patients with SBP ≤120 mm Hg were younger than those with SBP >120 mm Hg.1

All key baseline characteristics were balanced between patients receiving placebo and
bucindolol in both SBP groups (Table 1).

Bucindolol and all-cause mortality
Among the 955 patients with baseline SBP >120 mm Hg, all-cause mortality occurred in
28% and 22% of those receiving placebo and bucindolol respectively (hazard ratio [HR]
when bucindolol was compared with placebo, 0.77; 95% confidence interval [CI], 0.59–
0.99; P=0.039; Table 2 and Figure 1). Among the 1751 patients with baseline SBP ≤120 mm
Hg, all-cause mortality occurred in 36% and 35% of those receiving placebo and bucindolol
respectively (HR when bucindolol was compared with placebo, 0.95; 95% CI, 0.81–1.12;
P=0.541; Table 2 and Figure 1). When we examined mortality rate by deciles of baseline
SBP, we noted that except for the 101–107 decile, in all subgroups with SBP ≤120 mm Hg,
bucindolol had no effect on mortality. This difference in the effect of bucindolol on
mortality between the two SBP groups was not statistically significant (P for interaction,
0.156).

Bucindolol and HF hospitalization
Among the 955 patients with baseline SBP >120 mm Hg, HF hospitalization occurred in
36% and 27% of those receiving placebo and bucindolol respectively (HR, 0.70; 95% CI,
0.56–0.89; P=0.003; Table 2 and Figure 2). Among the 1751 patients with baseline SBP
≤120 mm Hg, HF hospitalization occurred in 46% and 39% of those receiving placebo and
bucindolol respectively (HR, 0.82; 95% CI, 0.71–0.95; P=0.008; Table 2 and Figure 2).
There was no statistically significant difference in the effect of bucindolol on HF
hospitalization between the two SBP groups (P for interaction, 0.269). Associations of
bucindolol with other outcomes in the two SBP groups are displayed in Table 3.

DISCUSSION
Findings from the current study demonstrate that nearly two thirds of the patients with
advanced chronic systolic HF enrolled in the BEST trial had baseline SBP ≤120 mm Hg,
and that patients randomized to bucindolol in this SBP group has similar all-cause mortality
as in patients randomized to placebo. On the other hand, despite a much smaller sample size
of the group with SBP >120 mm Hg, those randomized to receive bucindolol had a
significantly lower risk of death. Bucindolol, however, reduced HF hospitalization in both
SBP groups. Although bucindolol is not an approved beta-blocker for use in HF, the BEST
trial was terminated early as the effect of bucindolol on outcomes in HF was similar to other
beta-blockers, thus the findings of the current analysis provide important insights as to how
baseline SBP may modify the effect of beta-blockers.

The beneficial effect of therapy is often more pronounced in those with poor outcomes.5

Therefore, it was intriguing that despite higher mortality, HF patients with low SBP did not
benefit from therapy with bucindolol. One potential explanation might be that systolic HF
patients with low SBP had advanced HF, in whom progressive HF is a relatively more
common cause of death than sudden cardiac death.6–9 We also observed that HF mortality
was more common in patients with baseline SBP ≤120 mm Hg (Table 3; lower panel). Yet,
bucindolol had no effect on HF mortality in this group while it significantly reduced HF
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mortality by 50% in those with SBP >120 mm Hg. It is possible that patients with SBP ≤120
mm Hg with lower mean baseline RVEF and LVEF (than those with SBP >120 mm Hg) had
more advance disease and were more critically dependent on adrenergic drive, which may
have attenuated the mortality benefit of bucindolol. Interestingly, adrenergic blockade with
bucindolol did not seem to attenuate it's effect on HF hospitalization. The effect of beta-
blockade with bucindolol in advanced systolic HF patients with low SBP may be complex
and needs to be examined in other study cohorts.

These findings are important as with the increasing use of beta-blockers and device-based
therapies, the rate of sudden cardiac death is decreasing in contemporary HF patients.10, 11

As HF patients are living longer, they are more likely to die from progressive HF, especially
after hospitalization due to acute decompensation. Therefore, reducing death due to
progressive HF will be an important target to reduce cause-specific deaths in patients with
advanced systolic HF. Findings from the MERIT-HF trial suggest the metoprolol succinate,
extended release, a beta-1 selective blocker reduced mortality regardless of baseline SBP.12

No such data was provided on the effect of bisoprolol, another beta-1 selective blocker,
approved for use in HF.13 A post hoc analysis of the COPERNICUS trial suggested that
patients with the lower SBP groups were at higher risk of events, and that carvedilol, the
only non-selective beta-blocker approved for use in HF, have similar effect regardless of
baseline SBP.7 However, nearly one-third of patients in that study had SBP <116 mm Hg
and carvedilol had no significant effect on all-cause mortality or the combined end points of
death or HF mortality in those patients.7

Several limitations of our study need to be acknowledged. The findings reported here are
based on post hoc analysis of a trial that was prematurely stopped by the data safety
monitoring board because of the “totality of evidence regarding the usefulness of beta-
blocker treatment derived from BEST and other studies”.3 However, at the time of stopping,
although bucindolol significantly reduced cardiovascular mortality (P=0.04), its effect on
all-cause mortality did not achieve statistical significance (P=0.10).3 Although, like
carvedilol, bucindolol is also a non-selective beta-blocker, unlike carvedilol, it has no alpha-
blocking and anti-oxidant properties.14, 15 Further, bucindolol is also distinguished by both
partial and inverse agonist activities.15 Therefore, findings of the current study based on
bucindolol should be interpreted with caution when applying to HF patients receiving other
approved beta-adrenergic blockers, such as carvedilol.

In conclusion, in patients with advanced systolic HF, although bucindolol significantly
reduced HF hospitalization regardless of baseline SBP, it reduced all-cause mortality only in
those with SBP >120 mm Hg, not in those with SBP ≤120 mm Hg. Future studies are
needed to clarify the outcomes in HF patients with lower SBP who are using approved beta-
blockers.
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Figure 1.
Kaplan-Meier plots for all-cause mortality in systolic heart failure patients randomized to
receive bucindolol versus placebo, by baseline systolic blood pressure (SBP) (a) >120 mm
Hg and (b) ≤120 mm Hg (HR=hazard ratio; CI=confidence interval)
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Figure 2.
Kaplan-Meier plots for heart failure (HF) hospitalization in systolic HF patients randomized
to receive bucindolol versus placebo, by baseline systolic blood pressure (SBP) (a) >120
mm Hg and (b) ≤120 mm Hg (HR=hazard ratio; CI=confidence interval)
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