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Reduced right ventricular ejection fraction and increased
mortality in chronic systolic heart failure patients receiving beta-
blockers: Insights from the BEST trial
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E. Iskandrian, MDb, Herman J. Bogaard, MD, PhDe, Michel White, MDf, Inmaculada B. Aban,
PhDb, Wilbert S. Aronow, MDg, Prakash Deedwania, MDh, Finn Waagstein, MD, PhDi, and
Ali Ahmed, MD, MPHb,j

aLehigh Valley Hospital, Allentown, Pennsylvania bUniversity of Alabama at Birmingham,
Birmingham, Alabama cUniversity of California, Los Angeles, California dUniversity Hospital of
Geneva, Geneva, Switzerland eVirginia Commonwealth University, Richmond, Virginia fMontreal
Heart Institute, Montreal, Quebec, Canada gNew York Medical College, Valhalla, New York
hUniversity of California in San Francisco, Fresno, California iSahlgrenska University Hospital,
Göteborg, Sweden jVeterans Affairs Medical Center, Birmingham, Alabama

Abstract
Background—Right ventricular ejection fraction (RVEF) <20% is an independent predictor of
poor outcomes in patients with advanced chronic systolic heart failure (HF). The aim of this study
was to examine if the adverse effect of abnormally reduced RVEF varies by the receipt of beta-
blockers.

Methods—In the Beta-Blocker Evaluation of Survival Trial (BEST), 2708 patients with chronic
advanced HF and left ventricular ejection fraction <35%, receiving standard background therapy
with renin-angiotensin inhibition, digoxin, and diuretics, were randomized to receive bucindolol or
placebo. Of these 2008 had data on baseline RVEF, and 14% (146/1017) and 13% (125/991) of
the patients receiving bucindolol and placebo respectively had RVEF <20%.

Results—Among patients in the placebo group, all-cause mortality occurred in 33% and 43% of
patients with RVEF ≥20% and <20% respectively (unadjusted hazard ratios {HR}, 1.33; 95%
confidence intervals {CI}, 0.99–1.78; p =0.055 and adjusted HR, 0.99; 95% CI, 0.71–1.37; p
=0.934). Among those receiving bucindolol, all-cause mortality occurred in 28% and 49% of
patients with RVEF ≥20% and <20% respectively (unadjusted HR, 2.15; 95% CI, 1.65–2.80; p
<0.001 and adjusted HR, 1.50; 95% CI, 1.08–2.07; p =0.016). These differences were statistically
significant (unadjusted and adjusted p for interaction, 0.016 and 0.053 respectively).
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Conclusions—In ambulatory patients with chronic advanced systolic HF receiving renin-
angiotensin inhibition, digoxin, and diuretics, RVEF <20% had no intrinsic association with
mortality. However, in those receiving additional therapy with bucindolol, RVEF <20% had a
significant independent association with increased risk of mortality.

Keywords
Heart failure; Right ventricle; Bucindolol; Mortality; Morbidity

1. Introduction
Right ventricular ejection fraction (RVEF) is a powerful predictor of mortality and
morbidity in patients with heart failure (HF) and reduced left ventricular ejection fraction
(LVEF) [1–4]. Beta-blockers are commonly used in patients with systolic HF and low
RVEF is also common in these patients. However, the effect of beta-blockers on RV failure
is not clearly understood and preliminary data from studies of idiopathic pulmonary
hypertension suggest that it may be detrimental [5–7]. Similarly, it is also unknown if the
deleterious effect of low RVEF on outcomes in patients with systolic HF would vary
between patients receiving and not receiving beta-blockers. Therefore, the purpose of the
current study was to determine if the effect of low RVEF on outcome would vary between
patients receiving bucindolol versus placebo.

2. Methods
2.1. Study design

The Beta-Blocker Evaluation of Survival Trial (BEST) was a randomized clinical trial of
bucindolol in HF and was sponsored by the National Heart, Lung, and Blood Institute
(NHLBI) and the Department of Veterans Affairs Cooperative Studies Program. The
rationale, design and results of the BEST have been previously reported [8, 9]. Briefly, 2708
patients with advanced chronic HF were recruited from 90 clinical sites in the United States
and Canada between May 1995 and December 1998, randomly assigned to receive either
bucindolol or placebo, and followed for a mean duration of 24 months. The institutional
review board of each site approved the protocol and all patients gave written informed
consent. We obtained a public-use copy of the BEST dataset from the NHLBI. All but one
participant consented to be included in the public-use copy of the database used for the
current analysis.

2.2. Patients
All BEST participants had LVEF ≤35% and had New York Heart Association (NYHA)
functional class III (92%) or IV (8%) symptoms. They had HF for a mean of 49 months, and
most were receiving angiotensin-converting enzyme (ACE) inhibitors or angiotensin II
receptor blockers (>90%), diuretics (>90%) and digoxin (>90%).

2.3. Estimation of LVEF and RVEF
Data on baseline LVEF and RVEF were collected before randomization by gated-
equilibrium radionuclide ventriculography using standard techniques at each of the sites. If a
patient did not have a LVEF and RVEF by radionuclide ventriculography at a BEST site
during the 60 days before randomization, a study was performed at the time of
randomization. For quality control purposes, the first two examinations at each site were
sent for re-reading at a core laboratory. Thereafter, a random sample of 5% of all the
examinations was sent to the core laboratory for quality control. Valid measurements of
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RVEF were available for 2008 patients. Of these, 991 patients were in the placebo group and
1017 were in the bucindolol group.

2.4. Definition of low RVEF
Based on our initial observation of a significant independent association between RVEF
<20% and poor outcomes in HF, we defined markedly abnormal RVEF as RVEF <20% [4].
Although a RVEF of ≥40% is considered normal by gated-equilibrium radionuclide
ventriculography [10, 11], because adjusted outcomes in those with RVEF 20–39% were
similar to those with RVEF ≥40%, we used RVEF ≥20% as the reference category. Among
the 991 patients in the placebo group, 13% and 87% had RVEF <20% and ≥20%
respectively, and among the 1017 patients in the bucindolol group, 14% and 86% had RVEF
<20% and ≥20% respectively.

2.5. Study outcomes
The primary outcome for the current analysis was all-cause mortality, which was also the
primary outcome in BEST. Our secondary outcomes were cardiovascular and HF mortality,
sudden cardiac death, and all-cause hospitalization and HF hospitalization.

2.6. Statistical analysis
For descriptive analyses, we used Pearson’s chi-square test and student’s t test as
appropriate, to compare baseline characteristics between RVEF ≥20% and RVEF <20%
groups, separately for patients in the bucindolol and placebo groups. Kaplan-Meier plots and
a stepwise multivariable Cox proportional hazard models were used to estimate associations
between RVEF <20% (vs. RVEF ≥20%) and all-cause mortality, separately for bucindolol
and placebo patients, formally checking for first-order interactions. Variables were entered
into the model in multiple steps in the following order: step 1 (unadjusted: RVEF <20%
alone), and step 2 (step 1 plus LVEF), step 3 (step 2 plus demographics), step 4 (step 3 plus
medical history), step 5 (step 4 plus medications), step 6 (step 5 plus clinical findings), and
step 7 (step 6 plus laboratory findings). Similar models were used for other outcomes.
Subgroup analyses were conducted to determine the homogeneity of the association of
RVEF <20% (versus ≥40%) with all-cause mortality. All statistical tests were evaluated
using two-tailed 95% confidence levels and tests with p-value <0.05 were considered
significant. Data analyses were performed using SPSS for Windows, Rel. 15. 2009.
Chicago: SPSS Inc.

3. Results
3.1. Baseline characteristics

Overall, patients had a mean age of 60 (±12) years, 21% were women and 21% were
African-Americans. Demographics of patients in the placebo and bucindolol groups are
displayed in Table 1. In general, compared to patients with RVEF ≥20%, those with RVEF
<20% had lower mean systolic blood pressure and LVEF. Although patients with RVEF
<20% did not have a higher comorbidity burden, they had a higher burden of symptoms and
disease severity (Table 1).

3.2. Low RVEF and mortality in patients receiving placebo
Among patients in the placebo group, all-cause mortality occurred in 33% and 43% of
patients with RVEF ≥20% and <20% respectively (unadjusted hazard ratio {HR}, 1.33; 95%
confidence interval {CI}, 0.99–1.78; p=0.055 and adjusted HR, 0.99; 95% CI, 0.71–1.37;
p=0.934; Table 2 and Figure 1a). When RVEF was used as a continuous variable, each unit
increase in RVEF was associated with a 1% reduction in the risk of total mortality
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(unadjusted HR, 0.99; 95% CI, 0.98– 0.996; p=0.003), which lost significance after
multivariable adjustment (adjusted HR, 1.00; 95% CI, 0.99–1.01; p=0.636; data not shown).
Associations of RVEF <20% with cause-specific mortalities among placebo patients are
displayed in Table 3.

3.3. RVEF and mortality in patients receiving bucindolol
Among patients in the bucindolol group, all-cause mortality occurred in 28% and 49% of
patients with RVEF ≥20% and <20% respectively (HR, 2.15; 95% CI, 1.65–2.80; p<0.0001;
Table 2 and Figure 1b). This association was attenuated but remained significant after
multivariable adjustment (adjusted HR, 1.50; 95% CI, 1.08–2.07; p=0.016 Table 2). When
RVEF was used as a continuous variable, each unit increase in RVEF was associated with a
3% reduction in the risk of total mortality (unadjusted HR, 0.97; 95% CI, 0.96–0.98;
p<0.0001), which remained significant after multivariable adjustment (adjusted HR, 0.98;
95% CI, 0.97–0.99; p=0.001; data not shown). Associations of RVEF <20% with cause-
specific mortalities among bucindolol patients are displayed in Table 3.

3.4. RVEF and hospitalization
RVEF <20% was associated with increased risk of HF hospitalization in both placebo (HR,
1.82; 95% CI, 1.42–2.35; p<0.0001 Table 3 and Fig 2a) and bucindolol (HR, 2.11; 95% CI,
1.64–2.72; p<0.0001 Table 3 and Fig 2b) groups. After multivariable adjustment,
RVEF<20% had non-significant association in placebo (HR, 1.28; 95% CI, 0.96–1.71;
p=0.094, Table 3) but significant association in the bucindolol groups (HR, 1.45; 95% CI,
1.07–1.98; p=0.017, Table 3). Association of low RVEF with all-cause hospitalization are
displayed in Table 3.

4. Discussion
4.1. Summary and relevance of the key findings

Findings from the current analysis demonstrate that in advanced chronic systolic HF patients
receiving background therapy with inhibitors of renin-angiotensin system, diuretics and
digitalis, RVEF <20% had no significant intrinsic association with mortality. However,
when these patients were receiving additional therapy with bucindolol, RVEF <20% had a
substantial and significant independent association with increased mortality. Findings of the
current study suggest that the effect of severely reduced RVEF on mortality in systolic HF
may be worse in patients receiving beta-blockers, which constitute the mainstay of evidence-
based therapy in these patients. These findings are important as many of systolic HF patients
also have RVEF <20% [4, 12].

4.2. Potential explanation and mechanism of the key findings
A reduced LVEF is the most common cause of reduced RVEF, which in turn may further
reduce LVEF, and result in disease progression and poor outcomes [7]. However, among
patients receiving placebo, RVEF <20% had no significant bivariate association with
increased mortality (Table 2). Further, the near-significant bivariate association disappeared
after adjustment for LVEF alone suggests a strong confounding by LVEF. On the other
hand, among patients receiving bucindolol, RVEF <20% had significant bivariate
association with increased mortality, which though somewhat attenuated, remained
significant after adjustment for LVEF alone (Table 2) suggesting that LVEF was a much
weaker confounder in these patients. These findings suggest that in patients with chronic
advanced systolic HF receiving ACE inhibitors, digitalis and diuretics (the placebo group),
LVEF may be prognostically more important than RVEF. However, this association
reversed among patients receiving additional therapy with bucindolol an RVEF became
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prognostically more important. This was confirmed in a post hoc analysis that demonstrated
an independent association of LVEF with mortality in patients receiving placebo but not in
those receiving bucindolol.

The poor outcomes associated with low RVEF in the bucindolol group is unlikely to be
explained by further worsening of RVEF during follow-up. BEST participants receiving
bucindolol had substantial improvements in both LVEF and RVEF during follow-up [13]. It
is possible that low RVEF-associated poor outcomes may have been mediated by
vasodilation associated with bucindolol use. To test this hypothesis, we conducted a post hoc
analysis to determine if the association between low RVEF and mortality varied between
BEST participants receiving and not receiving vasodilators. We observed that RVEF <20%
(versus ≥40%) was associated with increased mortality among those receiving vasodilators
(n=467; adjusted HR, 1.86; 95% CI, 1.19–2.89; P=0.006) but not among those not receiving
vasodilators (n=537; adjusted HR, 1.17; 95% CI, 0.73–1.88; P=0.520). Although these
differences were not statistically significant (adjusted p for interaction =0.505), the
cumulative evidence from these findings suggests that the association of low RVEF with
mortality may be stronger in patients receiving drugs that may reduce systemic vascular
resistance. This is also consistent with experience from patients with idiopathic pulmonary
hypertension and isolated RV failure who are highly sensitive to vasodilators and beta-
blockers [5–7].

4.3. Comparison with findings from relevant published literature
None of the major randomized clinical trials of beta-blockers in HF reported data on
baseline RVEF [14–18]. Therefore, BEST provides a unique opportunity to examine the
effect of low RVEF on outcomes in systolic HF [4, 8, 9]. To the best of our knowledge, this
is the first report of a significant difference in the effect of baseline RVEF on outcomes
between systolic HF patients receiving and not receiving a beta-blocker.

4.4. Clinical and public health importance
Although findings of the current study suggest a potentially important interaction between
the beta-blocker therapy and RVEF in chronic systolic HF, these findings need to be
interpreted with caution as bucindolol is not approved for use in HF. Unlike other beta-
blockers approved for use in HF, namely, carvedilol, long-acting metoprolol and bisoprolol,
bucindolol has been suggested to have intrinsic sympathomimetic activity [19], which has
been shown to increase mortality in HF [20]. However, several studies have failed to
demonstrate intrinsic sympathomimetic activity of bucindolol in human myocardium, in
particular in failing myocardium [21, 22]. Unlike other beta-blockers, bucindolol also has
potent central sympatholytic properties and it is possible that therapy with bucindolol have
removed the critical adrenergic support that patients with advanced HF and abnormally low
RVEF are dependent on [23, 24].

4.5. Potential limitations
There are several limitations of our study. Gated-equilibrium radionuclide ventriculography
was used to estimate RVEF in our study, which may not be as accurate as first- pass
radionuclide ventriculography in the presence of right ventricle enlargement [10]. However,
it has been validated extensively and has the advantage of being independent of geometric
assumptions in contrast to conventional echocardiography. Magnetic resonance imaging
may provide more accurate quantification of RV volumes and function in this population
[25]. Since the changes in RV volumes precedes the deterioration of highly load dependent
RVEF, assessment of RV volume may provide more insights in to the pharmacobiology of
beta-blockers in heart failure patients with right ventricular systolic dysfunction. Moreover,
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changes in the standard therapy for systolic HF since the BEST trial (1995–1998) may also
limit the generalizability of our findings to contemporary HF patients.

4.6. Conclusions
In ambulatory patients with chronic advanced systolic HF in the BEST trial, the independent
effect of baseline RVEF on mortality significantly varied by the receipt of bucindolol.
Baseline RVEF <20% had no effect on mortality in those receiving inhibitors of the renin-
angiotensin system, diuretics, and digoxin, but increased mortality in those receiving
additional therapy with bucindolol. Findings of the current study needs to replicated in
contemporary HF patients receiving beta-blockers approved for use in HF.
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Figure 1.
Kaplan-Meier plots for all-cause mortality in patients receiving (a) placebo or (b) bucindolol
(CI=confidence interval; HR=hazard ratio)
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Figure 2.
Kaplan-Meier plots for heart failure (HF) hospitalization in patients receiving (a) placebo or
(b) bucindolol (CI=confidence interval; HR=hazard ratio)
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Figure 3.
Association of right ventricular ejection fraction (RVEF) <20% (versus ≥40%) with all-
cause mortality in subgroups of patients (CI = confidence interval)
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