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Abstract

Background—Left ventricular remodeling, as commonly measured by left ventricular ejection
fraction (LVEF), is associated with clinical outcomes. Although change in LVEF over time should
reflect response to therapy and clinical course, serial measurement of LVEF is inconsistently
performed in observational settings, and the incremental prognostic value of change in LVEF has
not been well characterized.

Methods and Results—The Beta-Blocker Evaluation of Survival Trial (BEST) measured
LVEF by radionuclide ventriculography at baseline and at 3 and 12-months after randomization.
We built a series of multivariable models with 16 clinical parameters plus change in LVEF for
predicting four major clinical endpoints including the trial’s primary endpoint of all-cause
mortality (ACM). Among 2,484 patients with at least one follow-up LVEF, change in LVEF was
the second most significant predictor (behind baseline creatinine) of ACM [adjusted hazards ratio
for improvement in LVEF by =5 units (Responder) versus Non-responder (95% confidence
intervals) for ACM = 0.62 (0.52-0.73)]. Other endpoints including heart failure (HF)
hospitalization or the composite of ACM and HF hospitalization yielded similar results. LVEF
change =5 units was associated with a modest increase in discrimination when added to traditional
predictors, and was predictive of outcomes in both the bucindolol and placebo treatment groups.
LVEF change as a predictor of outcomes was affected by sex and race, with evidence that LVEF
improvement is associated with less survival benefit in African-Americans and women.

Conclusions—Serial evaluation for LVEF change predicts both survival and HF hospitalization
and provides a dynamic/real-time measure of prognosis in HF with reduced LVEF.

Clinical Trial Registration—nhttp://wwuw.clinicaltrials.gov. Unique identifier: NCT00000560.
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Left ventricular ejection fraction (LVEF) is an important predictor of mortality in heart
failure (HF) patients and is used to define many drug and device therapeutic indications.1 -8
Improvement in LV remodeling by neurohormonal inhibitor pharmacological therapy or
cardiac resynchronization (CRT) is associated with improved survival and reduced HF
hospitalizations.>7-19 Clinical practice guidelines recommend repeat measurement of LVEF
when there is a clinical change or need to assess response to therapy.! Understanding the
clinical implications of serial changes in LVEF may help guide the frequency of
measurement, anticipate individual patient responses to evidence-based therapy and augment
existing risk model calculators.

Despite the apparent importance of changes in LVEF, limited data exist on the link to
clinical outcomes. A small (n=160) sub-study of the Cardiac Insufficiency Bisoprolol Study
revealed that serial improvement in left ventricular fractional shortening was associated with
improved survival.19 A small (n=141) device study has shown that incremental LV systolic
volume changes of 10% are associated with survival and HF hospitalization.2? While these
studies support that serial LV measurements have predictive prognostic value, none of them
have been performed in a large patient cohort with an extensive number of clinical events,
featured a systematic approach to timing of LVEF measurements, employed a consistent
method of LVEF assessment, or investigated changes in LVEF by race or sex,13:20-23

We therefore set out to characterize changes in LVEF and their association with clinical
outcomes in the Beta-Blocker Evaluation in Survival Trial (BEST). BEST included 2708
racially diverse patients with advanced [New York Heart Association (NYHA) class 111 or
IV] HF in whom LVEF measurements were obtained at regular intervals by a single
modality, radionuclide ventriculograms (RVG), that included core laboratory oversight, and
adjudication of etiology of mortality etiology by an independent clinical events committee
(CEC). Based on the degree of RVG LVEF change that is accompanied by favorable
molecular phenotypic changes,242° we hypothesized that improvement in LVEF and
specifically an increase by =5 units would be a strong predictor of reduction in major HF
clinical endpoints.

METHODS

The design and primary findings of BEST have been published previously.26:27 Briefly,
BEST was a randomized, placebo-controlled Phase 3 mortality trial conducted between
1995-1999 to test the efficacy of bucindolol for preventing ACM in patients with advanced
HF with reduced left ventricular ejection fraction (HFrEF). Eligible patients were 18 years
or older with LVEF <35%, NYHA functional class Il or IV secondary to ischemic or non-
ischemic HF.26 All patients were on optimal medical therapy (as defined at that time) for at
least one month prior to enroliment, which included an angiotensin converting enzyme
inhibitor (ACEI) or an angiotensin receptor blocker (ARB) if ACEI intolerant, diuretics as
needed, and during the first 2 years of the trial digoxin (until contemporary literature led to a
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change in the indication to optional).28 Ninety-two percent of patients were receiving an
ACEI with an additional 6% receiving an ARB, 92% were receiving digoxin, and 94% were
receiving diuretics. Inclusion/exclusion criteria were typical for a HFrEF trial.26 Patients
were followed for a mean of two years, with regular study visits at 3-month, 6-month, 12-
month and then every 6 months. Written informed consent was obtained for each patient at
each clinical site in the BEST trial, as previously described.26

The BEST trial randomized 2708 patients, which defines the entire cohort. Baseline and 3-
month RVGs were completed in 2460 patients while a total of 2034 patients had baseline
and 12-month RVGs. Missing 12-month LVEF values (n=450) were imputed from 3-month
values, including the 228 patients who died between 3-months and 12-months. Thus patients
had to have LVEF not available at both the month 3 and month 12 visits to be excluded from
the analysis (Figure 1). Reasons for patients’ exclusion were 1) 85 deaths before the
month-3 visit, 2) 58 non-fatal adverse effects leading to study withdrawal, 3) 40 withdrawals
for personal/administrative reasons, 4) 4 cardiac transplants, and 5) 37 for missed follow-up
visits or other reasons. The final study population was 2484 patients, 1226 in the bucindolol
group and 1258 in the placebo group, constituting the LVEF analysis cohort.

LVEF Measures

Outcomes

Predictors

Serial LVEF measures were a secondary endpoint in BEST. The patients underwent RVG
within the 60 days prior to randomization, with repeat RVG at 3-months (92 + 8.8 days) and
12-months (366 + 17.3 days) post-randomization.2® LVEF data were calculated by site
personnel using commercially available analytic methods and software. Quality control
oversight of the RVG methodology was provided by the trial and performed in the Cardiac
Imaging Core Laboratory at Tufts Medical Center in Boston, Massachusetts on the first 2
studies at each site and approximately 5% of the studies thereafter. On the three quality
assurance rounds, 73—-76% of the studies were assessed as good quality, and 67-76% were
reported as having no technical problems. Analysis of the remaining RVGs, i.e. those of fair
or poor quality or having a technical problem, was repeated. LVEF values including changes
from baseline are given as mean + Standard Deviation.

The outcomes of interest for the current study were time to first event of all-cause mortality
(ACM), the primary endpoint of BEST; cardiovascular mortality (CVM); HF hospitalization;
and ACM or HF hospitalization assessed in the total L\VEF analysis cohort irrespective of
treatment group. HF hospitalization was identified by study investigators on hospitalization
case report forms. A post-hoc adjudication by the independent endpoints committee28
revealed similar classification of HF hospitalization events.

In order to assess the independent association of changes in LVEF with outcomes, Cox
proportional hazards regression models were constructed for each endpoint from a set of
eligible predictors in step-wise fashion. The set of eligible HF predictors was selected based
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on characteristics that could potentially affect the study hypothesis (LVEF change),
subgroups predefined in the BEST protocol (presence or absence of coronary artery disease,
sex, race, age (years/10), LVEF, (baseline LVEF <20% versus = 20%), serum sodium
concentration (milliequivalents/liter (MEq/L)/5), NYHA functional class, creatinine, heart
rate (beats per minute/10), heart rhythm (sinus rhythm versus (vs.) atrial fibrillation),
systolic blood pressure millimeters of mercury (mmHQg)/10, and veterans affairs medical
center (VAMC) clinical site vs. non-VAMC site,26:29:30) and additional predictors which
have been associated with HF outcomes (volume overload at baseline, HF duration (months/
25), and presence of diabetes).22 The predefined subgroup variable of baseline
norepinephrine was not included in the model because of a large number of missing
values.3!

Statistical Analysis

Cox models were initially constructed using continuous LVEF change data [change at 12-
months with 3-month observation carried forward (LOCF)], and the various baseline input
variables were rank-ordered by significance level. Once the models were constructed for
each endpoint, the continuous change in LVEF predictor was replaced with an indicator of
LVEF Responder (absolute change in LVEF from baseline to 12-month =5 units, with LOCF
from 3-months) vs. Non-responder (all others) in order to calculate hazard ratios to quantify
the impact of LVEF Responder/Non-responder vs. other variables. Baseline patient
characteristics for the total study population and the LVEF analysis cohort were analyzed
with descriptive statistics. In the stepwise model, new baseline predictors were added for a
significance level of 0.25, and predictors were retained for a significance level of 0.20. C-
index was calculated for the models with and without the LVEF Responder term.

Supportive secondary analyses were also performed using a Landmark approach32 and a
time-dependent covariate approach.33 Since LVEF was assessed at baseline, month 3, and
month 12 a natural study interval was created for Landmark analysis at 12-months. This
analysis excluded all patients missing 3-month or 12-month LVEF measurements (n=450),
which left 2034 patients available for assessment of endpoints starting at the month 12 visit.
Baseline predictors were applied to the models as above.

The time-dependent covariate approach used change from baseline LVEF at the time of each
event. In this approach, a full study (n=2708) dataset was constructed with estimated month
3 and month 12 values, which were derived via interpolation for subjects with post-baseline
LVEF data. LVEF values at month 3 and month 12 were imputed, and interpolation was then
used to estimate LVEF at times of events occurring prior to the actual or imputed month 12
visit. For events after this visit, LVEF was estimated via LOCF of the actual or imputed
month 12 value. This approach described in more detail in the Supplement enabled all
observed study deaths and hospitalization events to be included in the models.

Additional secondary analyses stratifying by self-identified race [African-American (AA),
self-identified vs. Non-AA] and sex for each outcome were also performed using the model
with an input of L\VEF Responder/Non-responder. Statistical analyses were performed using
SAS 9.3 (Cary, NC), and the significance level was set at 0.05 for all tests.
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In the LVEF analysis cohort of 2484 patients, the mean + SD baseline LVEF was 23.1%

+ 7.3%. The average age was 60 years, 78% were men, 22% were AA, 58% had ischemic
etiology, and 92% were NYHA functional Class I11 (Table 1). At 3-months, the mean LVEF
change was 3.8 units * standard error (SE) 0.2 with 39% of patients showing =5 units
improvement; at 12-months, the mean LVEF change was 4.5 units £ SE 0.2 with 42% of
patients showing =5 units improvement (Table 2, Figures 2a—2b). When patients were
subdivided into Responders (LVEF improvement =5 units) or Non-responders (all others),
there were more responders in the bucindolol treatment group vs. placebo group (52% vs.
33%, p<0.0001). All clinical events occurred more commonly in patients who did not have
=5 units LVEF improvement (Non-responders, Table 3, Figure 2c).

A =5 units LVEF improvement (Responder status) was associated with significant risk
reduction in all clinical endpoints, following adjustment and regardless of treatment group.
The predictors chosen for the Cox model for each endpoint appear in Figures 3a—3d in the
order in which they were statistically selected. For ACM, LVEF Responders/Non-responders
had a hazard ratio (95% Confidence Intervals) of 0.62 (0.52-0.73) in the total LVEF analysis
cohort (Figure 3a), 0.59 (0.47-0.74) in the bucindolol-treated subgroup (Figure 4a), and 0.65
(0.52-0.82) in the placebo-treated subgroup (interaction p = 0.58, Figure 4a). For CVM, the
Responders/Non-responders hazard ratio was 0.54 (0.45-0.65) in the total LVEF analysis
cohort (Figure 3b), 0.53 (0.41-0.68) in the bucindolol subgroup (Figure 4a) and 0.55 (0.43-
0.72) in the placebo subgroup (interaction p = 0.90, Figure 4a). For HF hospitalization,
Responders/Non-responders had a hazard ratio of 0.66 (0.57-0.76) in the total LVEF
analysis cohort (Figure 3c), 0.69 (0.56-0.84) in the bucindolol subgroup (Figure 4a) and
0.64 (0.53-0.78) in the placebo subgroup (interaction p = 0.78, Figure 4a). For ACM or HF
hospitalization, the Responders/Non-responders had a hazard ratio of 0.67 (0.59-0.76)
(Figure 3d) in the total LVEF analysis cohort, 0.67 (0.56-0.79) in the bucindolol subgroup
(Figure 4a), and 0.68 (0.58-0.81) in the placebo subgroup (interaction p = 0.57, Figure 4a).
Of all clinical predictors, LVEF change and serum creatinine demonstrated the most
consistent relationship to risk of ACM, CVM, HF hospitalization, and ACM or HF
hospitalization. LVEF responder =5 units resulted in a modest increase in C-index when
added to the models with the other selected predictors compared to traditional predictor
models (Table 3 and Figure 4). In addition, the risk for ACM declines with greater serial
change in LVEF (Table 4).

These results were confirmed using a Landmark analysis approach (Table 3). For ACM, the
hazard ratio was 0.64 (0.52-0.78) compared to 0.62 (0.52-0.73) for the original approach.
Thus the predictive power of the L\VEF Response indicator was maintained with the reduced
event set.

The results were also confirmed with the models that employed a time-dependent covariate
for LVEF (Table 3). These models included an additional 154 deaths and 104 HF
hospitalizations that were omitted from the original approach due to missing values of LVEF
and other covariates. For ACM, HR = 0.77 (0.66-0.89) compared to 0.62 (0.52-0.73) for the
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original approach. For HF hospitalization HR = 0.66 (0.56—-0.78) compared to 0.66 (0.57-
0.76) with the original approach.

By race, the Responder mortality rate was 44% (244/559) in AAs and (42%) 807/1925 in
non-AAs (p = 0.47). The ability to predict risk by =5 units LVEF change was similar in AAs
and non-AAs for HF hospitalization, but not for mortality endpoints (Figure 4b). For ACM
and CVM, Responder vs. Non-responder status in AAs yielded non-significant hazard ratios
of respectively 0.75 (0.54-1.05) and 0.70 (0.48-1.02), with interaction test p values of 0.08
and p<0.05 compared to non-AAs who had hazard ratios of 0.57 (0.47-0.69) (ACM) and
0.50 (0.40,0.61) (CVM). In contrast, the Responder/Non-responder HF hospitalization
hazard ratio was significant for AAs (0.76 (0.58-0.99)) and closer to the non-AA hazard
ratio of 0.63 (0.54-0.75), with a non-significant test for interaction (p = 0.20). The
composite endpoint of ACM/HF hospitalization, driven by HF hospitalization rates, also had
a non-significant interaction test (p = 0.11) between races.

By sex, the Responder ACM rate was 44% (232/533) in women and 42% (819/1951) in men
(p = 0.52). For sex (Figure 4c) and ACM or CVM endpoints, Responder/Non-responder
status yielded non-significant hazard ratios in women and statistically significant, lower
hazard ratios in men, with non-significant tests for interaction. In contrast, there were no
differences between sexes for HF hospitalization or ACM/HF hospitalization, with both
women and men exhibiting statistically significant hazard ratios in the 0.66-0.67 range and
non-significant tests for interaction.

DISCUSSION

Improvement in LVEF by =5 units was a powerful predictor of survival and reduced HF
hospitalization, rivaling baseline serum creatinine in predictive value. Importantly, LVEF
serial improvement was just as positively predictive in the placebo group as in beta-blocker
treated patients with an as expected higher percentage of LVEF improved patients in the
bucindolol group. These data provide important information on the meaning of change in
LVEF in HFrEF patients. With HF being one of the leading causes of death and
rehospitalization in the United States, this information is relevant to health care deliveryl-2
inasmuch as change in LVEF provides a dynamic, real-time measure of a patient’s major
clinical outcomes risk based on the medical management that is being delivered. Serum
creatinine or other risk stratifying static variables measured in this study may provide useful
information on prognosis, but do not provide ongoing information relevant to therapeutic
management. Other dynamic measures, such as change in B-type natriuretic peptide markers
or systemic norepinephrine, could also provide such information, but were not evaluated in
the LVEF analysis cohort trial and in addition may have anomalous effects in bucindolol31:34
and other beta-blocker3>:36 treated patients.

Despite the limitations of previous investigations of serial changes in LVEF in HFrEF
patients, the potential clinical value of such observations has been generally accepted.
Repeat LVEF assessment is typically performed per guidelines to assess clinical change and
response to beta-blocker or CRT therapy but not in a systematic fashion for prognostic
assessment in the outpatient setting.13” Multiple validated risk models including the Seattle
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Heart Failure Model, Heart Failure Survival Score, Meta-analysis Global Group in Chronic
Heart Failure Model, and Controlled Rosuvastatin Multinational Trial in Heart Failure Risk
Score all have moderate ability to predict mortality but have poor ability to predict risk of
HF hospitalization in the ambulatory HF patient.3-6 Each of these models includes LVEF but
not serial changes in LVEF. Considering that the current analysis and other smaller studies
have consistently shown that serial LVEF change is associated with survival and our data
indicate superiority to a single baseline measure, serial LVEF change may provide some
incremental predictive performance for existing models.9:13:20-23,38

Several studies have shown that serial LVEF change =10 units is associated with mortality,
but the lack of standardized methods or small patient population have limited their
applicability.13.20-23 A recent study by Zhang et al. showed that a longitudinal 5 units LVEF
change had an impact on mortality in HFrEF patients eligible for implantable cardioverter
defibrillator.23 The BEST trial had the advantage of routine assessment of LVEF at baseline,
3-month, and 12-month intervals in a large patient population, rather than being performed
as clinically indicated in a registry. Furthermore the use of RVG and a Cardiac Imaging Core
laboratory providing quality assurance improves the discriminatory ability to identify LVEF
and follow longitudinally for change.3° This provides the power to strongly associate change
in LVEF =5 units with outcomes of survival and HF hospitalization.

We provide the first evidence that race or sex may affect the clinical predictive
characteristics of LVEF serial change, with outcomes appearing to differ for mortality vs.
HF hospitalization driven endpoints. In contrast to non-AAs, in AAs LVEF Responder status
was not predictive for ACM or CVM, but was for HF hospitalization. That the race finding
for CVM was meaningful is supported by a test for interaction of p <0.05 endpoint and race.
This is an important finding that adds to epidemiological and registry studies that have
shown that the magnitude of LVEF change may vary by race and sex, with lower LVEF
changes in AA men compared to Caucasian men and women.3840:41 Our data indicate that
even when LVEF improves in AAs there may be less of a mitigating effect on survival
compared to non-AAs. As a post-hoc analysis this finding should be considered hypothesis
generating, as racial differences in the clinical response to LVEF change could be secondary
to differences in baseline characteristics between AAs and non-AAs*2 that were not
completely adjusted by Cox modeling. However, these findings could also be due to racial
genetic differences that influence the response to neurohormonal inhibitors.43 To date, the
BEST trial contains one of the largest populations of AA patients, representing 23% of the
entire cohort and 22% of the LVEF analysis cohort, but may be underpowered to assess the
full benefit of LVEF change by race. The ability to calculate risk in in the AA population is
vital, as they may have the greatest benefit given their higher risk for the development and
severity of HF.240 Further study in this population is indicated.

Sex also appeared to be associated with a differential effect of LVEF change, with higher
and non-significant hazard ratios in women vs. men for mortality endpoints, but no
difference for HF hospitalization driven endpoints. The data supporting a sex-related
difference of LVEF change for mortality endpoints was not as strong as for race, with non-
significant tests for interaction. Because of the large contribution of \eterans’
Administration Hospitals as study sites, women were underrepresented (22% of total) in
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BEST, and as for race the impact of beta-blocker associated reverse remodeling by sex needs
further investigation.

Study Limitations

We relied on RVG for LVEF assessment, which delivers reliable data that are consistent
across centers but can be impractical given radiation exposure and cost. Although 5 unit
change in LVEF has less inter-observer variability by RVG than echocardiogram, intra-
observer variability has been less than 5% for echocardiogram and may make serial
sonographic measures of LVEF similarly relevant.3%44 This study was performed prior to
standard use of the guideline-approved therapies aldosterone antagonists, beta-blockers, and
CRT devices. However, contemporaneous studies assessing the value of serial LVEF change
have shown findings consistent with this study.®-23 Responder outcome studies have been
associated with bias in the absence of Landmark analyses;32 however, in this study
Landmark analyses produced similar results to those found with main study methodology.
Landmark analyses include risks of misclassification, omitting events, data-driven results,
but can be avoided by sensitivity analysis and time-dependent analysis.32 The additional
time-dependent covariate approach performed in this study remained supportive of the initial
analyses. This was a highly selected trial population with a mean age of 60 years, and thus
the findings reported here may not have external validity when applied to large, real-world
settings; however, measures of risk tend to have even better discrimination when applied to
more homogeneous populations of patients.

CONCLUSIONS

In the BEST study, we found that =5 units LVEF change powerfully predicts risk of ACM,
CVM, and HF hospitalization in HFrEF. Serial LVEF was performed routinely by a single
method in a large diverse patient population and had no deviations in predictability of
outcome across treatment groups with the exception of ACM and CVM for AAs and
women. Further validation of the incremental prognostic value of change in LVEF for
important clinical decisions across various HF populations is needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective

Numerous previous studies have established that in heart failure with reduced ejection
fraction (HFrEF) an improvement in left ventricular ejection fraction (LVEF) has a
favorable effect on clinical outcomes. However, few of these studies had standardized
follow-up surveillance of LVEF change, and in addition information on the relative value
of LVEF improvement compared to other predictors of clinical outcome is either lacking
or hampered by the lack of standardized protocols. Small observational as well as gene
expression studies have suggested that a =5 unit LVEF change is meaningful in HFrEF.
The BEST study was performed in a large patient cohort with extensive number of
clinical events, featured a systematic approach to timing of LVEF measurements,
employed a consistent method of LVEF assessment, and investigated changes in LVEF by
race or sex. This randomized controlled trial revealed that in the entire cohort (both
placebo and bucindolol treated patients) serial assessment for change in cardiac function
at 12-month follow-up interval predicts risk in the HFrEF patient, based on improved
outcomes including all-cause mortality and heart failure hospitalization driven endpoints
being highly statistical significantly with an LVEF improvement of =5 units. In
multivariate analysis, LVEF change was exceeded only by baseline serum creatinine for
predicting outcomes. In addition, the analyses revealed that the magnitude of LVEF
change required for improved survival in women and racial/ethnic minorities may by
greater than 5 LVEF units, which requires further study. Serial assessment of LVEF
should be considered as part of the routine assessment of risk in the HFrEF patient.
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2460 obtained
3-month visit with —
LVEF assessment

2034 obtained 12-month
visit with LVEF assessment

450 missing 12-month
visit imputed with

(including 228 deaths
from 3-12-months)

3-month visit LVEF |
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224 Total Excluded:
85 death prior to 3-month

58 withdrawal for non-fatal adverse effects
40 withdrawal for personal/administrative
18 alive and missed 3-month/ 12-month visit
15 missing baseline covariates

4 cardiac transplant

4 lost to follow-up

2484 in final
LVEF cohort

Figure 1. Flowchart of Patients
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Figure 2. Change in 12-Month LVEF and Risk of ACM
2a indicates absolute changes with treatment at 12-month; worsened, <—5 units; unchanged,

-4 to0 4 units, and improved =5 units. 2b indicates LVEF at 12-months. 2¢ indicates a
histogram of absolute units change in histogram and linear plot of hazard ratio of ACM
based upon absolute units change in LVEF compared to unchanged LVEF; the dotted black
line indicates local polynomial smoothing of the ACM hazard ratio; dotted blue lines, 95%
Confidence Interval (Cl) band of ACM hazard ratio with local polynomial smoothing.
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Treatment
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CHF Duration (mon/25)
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HR (95% CI)

0.67 (0.59, 0.76)
1.86(1.62,2.13)
0.74 (0.65, 0.83)
1.42(1.18,1.72)
1.28 (1.13, 1.44)
0.93 (0.89, 0.96)
0.80 (0.72, 0.90)
1.17(1.04,1.32)
0.78 (0.67, 0.90)
1.07 (1.01, 1.13)
1.03 (0.98, 1.08)
1.20(1.06, 1.37)
1.23(1.03, 1.46)
1.16(1.01, 1.34)
1.03 (1.01, 1.06)
0.95 (0.87, 1.03)

Figure 3. Hazard Ratio of Outcome Based Upon Predictors of ACM, CVM, HF Hospitalization,
and ACM or HF Hospitalization

3a indicates ACM; 3b, CVM,; 3c, HFH, HF Hospitalization; and 3d, ACM or HFH. The
predictors included the presence versus absence of disease in binary fashion unless noted
otherwise: age (continuous: years (yr)/10); atrial fibrillation; CAD, coronary artery disease;
CHF, congestive heart failure duration (continuous variable in months (mon)/25); creatinine
(continuous: mg/dL); diabetes; LVEF, baseline left ventricular ejection fraction <20% versus
> 20%; fluid overload; heart rate (continuous: beats per minute (bpm)/10); LVEF Responder,
change in LVEF from baseline to month 12 =5 units; NYHA, New York Heart Association
class 3 versus 4; race, African-American versus Non-African-American; SBP, systolic blood
pressure (continuous: millimeters of mercury (mmHg)/10); Sex, males versus females; Site
type, Veteran Affairs Medical Center vs. non-veteran affairs medical center; Sodium
(continuous: milliequivalents/liter (MEQ/L)/5); and Treatment, treatment group bucindolol
vs. placebo. Chi?p indicates the chi squared p-value.
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HFH Female N S— 0.66 (0.48-0.89)
HFH Male —— 0.66 (0.56-0.77)
ACM/HFH Female —— 0.67 (0.51-0.88)
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Event

Figure 4. Risk of Event for =5 Units LVEF 12-Month Change Stratified by Subgroup
Hazard Ratio with 95% confidence intervals are shown for subgroups 4a. treatment group

(bucindolol and placebo), 4b. race (African-American, AA and Non-African-American,
Non-AA), and 4c. sex.! indicates Cox model test for significance of treatment x LVEF
response indicator interaction;2, Cox model test for significance of race x LVEF response
indicator interaction;3, Cox model test for significance of sex x LVEF response indicator
interaction; ACM, all-cause mortality; CVM, cardiovascular mortality; and HFH, heart
failure hospitalization.
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Baseline Characteristics

Characteristic LVEF Entire BEST
Change Cohort
Cohort! n=2708
n=2484

Age (year) 60.3+12.2 60.3+12.4

Male (%) 1951 (78%) 2115 (78%)

Non-African-American (%) 1925 (78%) 2081 (77%)

Caucasian (%) 1756 (71%) 1896 (70%)

African-American (%) 559 (22%) 627 (23%)

Heart Failure History

Left ventricular ejection 23.1+73 23073

fraction (%) at baseline

Ischemic etiology (%) 1444 (58%) 1587 (59%)

Heart failure duration, months 48.9 +48.0 49.4+48.4

NYHA 1 (%) 2292 (92%) 2482 (92%)

Fluid Overload (%) 878 (35%) 976 (36%)

Digoxin (%) 2292 (92%) 2495 (92%)

Comorbidities

Active atrial fibrillation (%) 277 (12%) 303 (11%)

Diabetes (%) 901 (36%) 964 (36%)

Hypertension (%) 1464 (59%) 1596 (59%)

Vital Signs

Resting heart rate (bpm) 82.0+13.4 82.2+134

Systolic blood pressure 117.6+18.1 117.1+18.0

(mmHg)

Laboratory values

Creatinine, mg/dL 1.2+04 1.2+04

Plasma venous 495.9+298.9 51543443

norepinephrine, pg/mL

Table 1
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Missing LVEF results at month 12 visits are replaced with month 3 visit results when available, following the last-observation-carried-forward

approach.

Mean * standard deviation is presented for all continuous variables.

BEST indicates Beta-Blocker Evaluation in Survival Trial; Bpm, beats per minute; mg/dL, milligrams/ deciliter; mmHg, millimeters of mercury;

pa/mL, picograms/milliliter.

Circ Heart Fail. Author manuscript; available in PMC 2017 October 01.



Page 25

Breathett et al.

2’0 F 8'v = G9¢ Ae@ pue T'0 F 2°S = 06 Aeq SI 19S€1EP SIY] JOJ BUI[3Se] WO) 8BUEYD 10} SI0LIS PIEpUB)S PUB LBal 8y L "pasn

sem uoireindwi ajdinw ‘s3nsal JISIA asayl INoyim syuaijed 1oy ‘usyl "(uawajddns 93s) G9€ pue 06 SAep Aj1oeX8 U0 437 81e|NdJed 0] Pasn Sem uolejodelixa Jea

10 uonejodiaiul Jeaul| ‘SHSIA 8soy) 18

Pa193]109 431 Yum sjusiied 104 ‘SHSIA (G9€ Aep) T yuow pue (06 Aep) € yiuow paiy1oads-1090304d Je suaired 80/ |1e 404 SanjeA sey yoeoidde ayerienod Juapuadap-awil sy 104 Paleald 19selep ay 910N

"abueyd ainjosqe

43\ SHUN § 01 - sjuasaldas paBueyoun 10418 pIepuels seyeslpul IS ‘sajqeriea uoreindod |fe Joy pajuasaid si (94) J8QUINN “YIUOW-E WOIY BNeA PIEAIOS PBLLIED 1SB| PUB SBN[BA YIUOW-ZT mﬁmo_uc_w

(%ST) ¥6T  (%ee) vy (%2S) ¥S9  (%ST) 06T 2O0FLT 8521 ogaoeld
(960€) 69 (%zS) 269  (wov)G6Y  (%8)¥6  €0FG9 9zzt [ojopuong
(%€2) €95 (%zp) TSOT  (%9Y) 6VTT  (%IT)¥8Z ZOFGY v8ve pUIUON-CT
(97T) 66T (%62) 29¢  (%6S) 82.  (%ZT)¥ST  ZTO0FTC et 0ga2e|d
(%652) S0e  (%6v) €65 (%SP) TGS (%9)2.  20FSS 9TZT |ojoputong
(968T) ¥vv  (%6€) 556 (%2S) 6221  (%6) 92  Z0F8€ 092 YIUON-E
(3s ¥ %)
43A1
asealou| asealou| asealda( abueyn painseai
suun QT2 suun gz pabueyoun suun gz ues|n 43A1 lend8iu|
437 U 8bueyd ainjosqy
Z 9|qel

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Circ Heart Fail. Author manuscript; available in PMC 2017 October 01.



Page 26

Breathett et al.

‘syuanred [e10) Buowre asuodsal-uou/asuodsal Jo ared ayy mmao_uc_w

"UMOUS 3.8 S[eAI3IUI 30USPIIUOD 9456 YIM (MH) 0ney pJezeH “uonoel) uonoald JenoLiusA

49| ‘431 pue ‘uonezijelidsoy ainjre) Leay ‘H4H ‘AljenIow 1ejnasenolpled ‘INAD ‘Alljeliow asned-|[e saledlpul NV ‘So|qelieA |[e 1oy pajuasald si (94) JaquinN ‘y87z Sem siuaited Jo Jaquinu [e1o} ay L

Author Manuscript

(08'0-29°0) dn-mo104 |IN4 / a1eLieA0D
0.0 (%19) 266 (%T9) 0¥9T  (%6€) 6TF  (%6E) 890T juspuadaq swi se 437

(¥2°0-¥5°0) yewpue]
79'0 (%zy) 89F  (%SS) 02TT  (%0€) 22z (%Sk) ¥16  /SYWOW ZT ¥e 8bueyd 43T

(92°0-65°0) dn-mojjod |In4
990 190 690 (%99) ¥18  (%6S) 29vT  (%T¥) 8TF  (%T¥) 220T  /SUIIOIA 2T e 8bueyd 437
uonezife)dsoH 4H 40 INOVY

(82°0-95°0) dn-mojjo4 |Ind / 8¥eLienod
990 (%97) 162 (%T19) 0¥9T  (%.2) S82  (%6E) 890T juspuadaq swil se 43T

(82'0-55°0) Srewpue]
690 (%0€) 5e€  (%SS) 02TT  (%e2) 26T  (%Sw) ¥T6  /SUIOIN ZT Ye abueyd 43A7

(92°0-250) dn-mojjo4 |In4
99°'0 99°0 G9°0 (%er) 629 (%68) 2ovT  (%0€) 60 (%T¥) 220T  / SYWOW ZT e 8bueyd 43T
uonezijendsoH 4H

(€8°0-09°0) dn-mojjo4 |InH / 81eLienc)
0.0 (w1e) S8F  (%29) 9¥ST  (%02) 622 (%EY) 29TT 1uspuadaq swil se 43N

(69°0—€°0) SIewpue]
G50 (wT2) sez  (%SS) 02TT  (%2T) TTT  (%Sk) ¥T6  /SUIIOIA 2T e 8bueyd 43A7

(59°0-5+°0) dn-mojjod [In4
0.0 ¥5°0 690 (%82) L0v  (%8S) €evT  (%.T) ¥2T  (%2¥) TSOT  /SUYOIA ZT Ye abueyd 43A7
INAD

(68'0-99°0) dn-mojjod [Ind / 8yeLeA0D
110 (%9¢) €56 (%LS) 9¥ST  (%S2) 882 (%ER) 29TT juspuadaq awil se 437

(82°0—25°0) ewpue]
79'0 (%t2) 892 (%SS) 0ZTT  (%9T) 8¥T  (%Sk) Y16 /SYWOW ZT ¥e 8bueyd 43T

(€2'0-25°0) dn-mojjod |In4
690 290 890 (%ze) eor  (%8S) eevT  (%T2) ¥ze  (%eh) TSOT  / SUIIOIA 2T e 8bueyd 437
OV

21IS1NeIS-D HH onsneIs-o Ziuang pSIuslEd Zung Siualed
Jo3e21pU|
asuodsay
J03e21pU| EENN

asuodsay 43A1 1INOYUM s1apuodsal-uoN siapuodsay yoeoaddy BuijspolN

UUM [3POIN ISPOIN JRUELE]

dn-mojJj04 J1eaA-E JaAQ aburyD YIUON-ZT 43 AT SHun G2 Aq paloipaid JuUang
€ 9|gelL

Author Manuscript Author Manuscript

Author Manuscript

Circ Heart Fail. Author manuscript; available in PMC 2017 October 01.



Page 27

Breathett et al.

‘yoeoidde jeuibiio sy ul paniwo Bulaq zT

pue € syjuow e 43 A7 Inoylm swualed 03 pasedwiod papnjoul ale syusijed Apnis [ asnedaq yoeosdde aerienod Juspuadap-awil ay) Ul 8sealoul SJunod JUaAd ay L “T00 0>d Je Juealyiubis ag 01 punoy alem |Je
pue wia} abueyd sHun G2 437 8yl INOYIIM pue YIIM S[3pow ay} 1o} pale|ndfed sem xapul-J “apniiufew siyj Jo asuodsal 437 40 10edwi ayp Ayiiuenb 0 soljel pJezey aejndfes 0} JapJo ul (SHun G> T yiuow
0} auljaseq wolj 437 ul 8bueyd) Japuodsal-UoN "SA (SHUN GZ ZT Yluow 03 auljaseq woiy 437 ul abueyd) Jepuodsay 437 J0 J01edIpul Ue yyim padejdas sem Jo3aipaid 43 A7 ul abueyd snonunuod ayy
‘quiodpusa yoes 104 pPajonIsu0d aIam S[apoL ay) aouQ 103o1pald a1qibija ue se papnjoul Sem (3Nsal YIUOW-E ayl Yim sanjea Buissiw Jo Juswade|dal yiim) 43 AT Ul JSIA YIUOW-ZT dY) 03 auljaseq woJy abueyo
ay) ‘uonippe u| ‘dgs pue ‘dno.b Juswiessy Apnis ‘wnipos ‘adAl als ‘xas ‘aoel ‘ssejo YHAN ‘(9%602< PUe 940zS Aq palylesls) suljaseq 437 ‘alel Heay ‘Jual||01ud UO Peo|JSAO PINy) ‘4H JO uoleinp ‘selagelp
‘aululeald ‘QyD ‘abe ‘Jusw|joJus UO UOIE|[1IGL [B1ITR SAIIOR :UOIYSE) 3SIM-dals B Ul [9pow Ydea ul papnjoul aq 03 a]qibi|a a1am s10301paid ain|ie} Leay prepuels 9T BuIMO||0) 8U JO SanjeA auljaseq ay L

"slapuodsal-UopN Jo siapuodsay ay) Buowe sjuaAs Jo alel ayy N

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2017 October 01.

in

available

Circ Heart Fail. Author manuscript



Page 28

Breathett et al.

*$19pu0dsal-UON 10 siapuodsay ay) BuoLe SJUsAS JO 81el 8y} N

‘syuaiyed [e10] Buowe asuodsal-UON/asuodsay JO arel ay} mBmo_uc_N.

"UMOUS aJe S|eAJSIUI BOUBPIJUOD %G6 UM (HH) o1ey piezeH ‘Alljeliow asned-|[e saledlpul DV ‘SojqelieA |[e Jo) pajuasald si (04) JaquinN 817z Sem siuaited Jo Jaquinu [e1o} ayL

Author Manuscript

(Tz1-120086'0  (%82) 19  (%6) Tz (%82) 929  (%16) €922  G—>SAG-2
(18'0-65'0) 690 (%€€) 262 (w62) 2eL  (%92) 05y  (%T2) 29LT 0>SA0Z
(T20-150) 090  (%ze) €9y (%8S) €evT  (%wTe) vez  (%ev) TS0T G>SAGZ
90-Tr'0) 150 (%T€) 965  (%22) T26T  (%9T) 16 (%€2) €95 0T>SAQT =

ZWOV TSiushed ZWOV TSualed
Japuodsal-uoN
HH Japuodsay siapuodsal-uoN slapuodsay ‘SA Japuodsay

suoniuyaq Japuodsay 1UaIalIa Yim aBueyd snun 437 uodn pased INOV 40 sty
¥ 9|gelL

Author Manuscript Author Manuscript Author Manuscript

Circ Heart Fail. Author manuscript; available in PMC 2017 October 01.



	Abstract
	METHODS
	Sample Size
	LVEF Measures
	Outcomes
	Predictors
	Statistical Analysis

	RESULTS
	DISCUSSION
	Study Limitations

	CONCLUSIONS
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3
	Table 4

