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Abstract

Introduction: We evaluated the heterogeneity of outcomes among heart failure patients with
ventricular recovery.

Methods: The BEST trial studied patients with left ventricular ejection fraction (LVEF) <35%.
Serial LVEF assessment were performed at baseline, 3 months, and 12 months. Heart failure with
better ejection fraction (HFbEF) was defined as an LVEF > 40% at any point.

Results: Of the patients who survived to one year, 399 (21.3%) had HFbEF. Among subjects
with HFbEF, 173 (43.4%) had “Extended”-recovery, 161 (40.4%) had “Late”-recovery and 65
(16.3%) patients had “Transient”-recovery. Subjects with HFbEF had an improved event-free
survival from death or first HF-hospitalization compared to subjects without recovery (HR 0.50,
95%Cl, 0.39-0.64, p<0.001). Compared to “Transient”-recovery, “Late”-and “Extended”-recovery
were associated with an improved event-free survival from all-cause death and HF-hospitalization
(HR 0.55, 95%Cl, 0.34 — 0.90, p=0.016).

Discussion: Our study shows patients with HFbEF to be a heterogeneous population with

differing prognoses.
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Introduction

More than 6.5 million Americans are afflicted with heart failure and the prevalence is
expected to increase by more that 46% over the next 20 years (1). With therapeutic advances
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over the past two decades, the median survival after a diagnosis of heart failure with reduced
ejection fraction (HFrEF) has increased from 1.5 years to 1.9 years (2). However, the
absolute mortality among patients with HFrEF remains high and is comparable to other
virulent diseases such as cancer (3). In contrast to the majority of patients with HFrEF, a
subset of patients recover ventricular function. These patients with heart failure with better
ejection fraction (HFbEF) have better survival compared to those patients with HFrEF who
do not recover ventricular function (4-7). Thus, recovery of ventricular function should be
considered a major goal in the contemporary management of patients with HFrEF.

Recovery of ventricular function is not uncommon, reported to occur in 10-70% of patients
with HFrEF (5,6,8). Prior work has consistently identified patients who recover ventricular
function to have a shorter duration of HF, more likely to be hypertensive, and more likely to
have a non-ischemic cardiomyopathy. However, less is known about which patients have
durable functional recovery and how the stability of recovery influences outcomes. Of
critical importance is whether patients with HFbEF are truly recovered from their HF or
simply have HF in remission with a risk for subsequent relapse (9). Results of the recent
TRED-HF study suggest that patients with HFbEF who discontinue HF treatment are at
increased risk for relapse to HFrEF (10). These findings have led to the recommendation that
HF therapies be continued indefinitely until patients at risk for relapse can be differentiated
from those with recovery (10). Here, using a large well-characterized cohort of patients with
HFrEF, we used stability of ventricular function to identify prognostically distinct
phenotypes of HFbEF.

Study population

We obtained the dataset for the Beta-blocker in Evaluation Survival Trial (BEST) from the
NHLBI’s BioLINCC clinical trial repository (11). The design and primary results of the trial
have been previously published (12,13). Briefly, BEST randomized 2708 patients with left-
ventricular ejection fraction (LVEF) <35% and New York Heart Association (NYHA) class
I11/1V symptoms to bucindolol or placebo. The BEST study was carried out at 90 clinical
sites across the United States and Canada from 1995-1998 and co-sponsored by the NHLBI
and Department of Veterans Affairs. Randomized subjects were >18 years of age and had a
mean follow-up of 49 months. The majority of subjects received angiotensin converting
enzyme inhibitors (ACE-I) or angiotensin receptor blockers (ARB) (90%) and diuretics
(90%) during the study. Use of optimal medical therapy was required for at least 1 month
prior to randomization. At the time of the BEST trial, mineralocorticoid receptor
antagonists, implanted cardiac defibrillators (ICDs), or cardiac resynchronization therapy
were not widely used for HFrEF. Patients were not eligible for the study if they were
awaiting heart transplantation or found to be in acute decompensated HF. The BEST trial
was stopped early due to non-significant changes in mortality between the study arms.

Assessment of Left Ventricular Ejection Fraction and other Functional Parameters

Serial assessments of LVEF, were performed using gated-equilibrium radionuclide
ventriculography (MUGA) at baseline, at 3 months, and then again at 12 months after study
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enrollment. For this study, we only included patients with MUGA data for all three time
points, meaning that all subjects included in our analysis were alive for at least one-year
after study enrollment. As a quality control measure during the study, the first two LVEF
examinations at each site were also evaluated by a central core laboratory. Subsequently, 5%
of all the LVEF studies were randomly reevaluated by the core laboratory.

In addition to LVEF, MUGA was used to measure right ventricular function and peak filling
rate. Peak filling rate measures the end-diastolic volume per second and is a marker of
diastolic function. Both were measured serially as described for LVEF but were not
evaluated by the core laboratory.

Study Definitions and Outcomes

Statistical

We divided the study cohort into groups based on LVEF dynamics over time (Figure 1).
Patients with HFbEF were defined to have an LVEF > 40% at any point during the study. We
chose 40% as a threshold, because these patients would no longer meet criteria for a primary
prevention implantable cardiac defibrillator, potentially linking the HFbEF phenotype to a
clinical decision node (14). By contrast, patients with LVEF < 40% through the first 12
months of the study were classified as having “No recovery.” We further defined patients
with HFDbEF to have 1) “Transient” recovery if LVEF was > 40% at 3 months, but < 35% at
12 months; 2) “Extended” recovery if patients had an EF > 40% at 3 months and at 12
months and 3) “Late” recovery if patients had an LVEF of < 35% at 3 months, but > 40% at
12 months (Figure 1). Actual change in LVEF for each individual group is presented in
Figure 2.

In the present study, the primary outcome was a composite of all-cause mortality (the BEST
primary outcome) and time to first HF hospitalization (a BEST secondary outcome). Our
secondary outcomes were cardiovascular (CV) mortality, time to first HF hospitalization,
and the composite of CV mortality and time to first HF hospitalization. Outcomes were
adjudicated by an independent committee as a part of the BEST trial.

analysis

Baseline continuous variables are displayed using the median with 25™ and 75! percentiles,
while categorical variables are summarized using counts with percentages for non-missing
variables. Comparisons were done using either the Kruskal-Wallis test or the chi-square test
for continuous and categorical variables, respectively, to identify differences in baseline
characteristics between recovery versus no recovery groups (Table 1) and across recovery
type groups (Table 2).

Kaplan-Meier methods, including the log-rank test, were used to compare HFbEF groups
(Figures 3, 4). Cox proportional hazard models were utilized to determine the prognostic
importance of recovery (HFbEF vs no recovery), as well across HFbEF categories and the
primary and secondary clinical outcomes, including CV death, all-cause death, HF
hospitalization, as well as combined outcomes. The Kolmogorov-type supremum test and
graphical evaluation of the hazard function over time were used to evaluate the proportional
hazard and linearity assumptions of the Cox models. Fine and Gray’s method for competing
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risks were used to estimate the cumulative incidence function for models evaluating HF
hospitalization or CV death to adjust for all-cause deaths that prevent the event of interest
from occurring. Results are presented using the hazard ratio (HR) with 95% CI (Table 3).

Propensity score matching (1:1) of recovery and no recovery groups was then conducted
using a logistic regression model consisting of baseline characteristics as detailed in Table 1.
The maximum allowable absolute caliper difference between propensity scores was 0.20.
The relationship between recovery group and each clinical outcome was then evaluated by a
multivariable Cox model with a robust sandwich covariance to account for intracluster
dependence further adjusted for any baseline variables with standardized differences >0.10
after matching.

Multivariable logistic regression models were used to identify independent predictors of any
HFbEF versus no recovery after adjusting for confounders found significantly different at
baseline within Table 1, as well as amongst HFbEF recovery subgroups. A univariable p <
0.10 was required to enter the model and p < 0.05 to stay in the backward regression models.
Regression splines were used for non-linear predictors (e.g. HF duration) and results
presented as odds ratio (OR) with 95% confidence interval (Cl) (Table 4, Supplemental
Table 1).

All statistical tests were two-sided with a p < 0.05 considered statistically significant. Data
analyses were performed by the Duke Department of Biostatistics and Bioinformatics
(Durham, NC) using SAS version 9.4 (SAS, Institute, Inc., Cary, NC).

Baseline Characteristics and Heart Failure Classification of the Study Population

Among the patients enrolled in the BEST trial with HF and baseline EF < 35% at the index
visit, 1870 survived to one year and had longitudinal imaging data (69% of the original trial
cohort). “No recovery” of LVEF was seen in 1471 (78.7%) of the patients. The remaining
399 patients (21.3%) were classified as having HFbEF. In comparison to patients with “No
recovery,” patients with HFbEF were younger (median age, 60 years [25t, 75t %iles: 50—
68] vs 62 [25M, 75t %iles: 53-70], p=0.028), were less likely to be male (72.4% vs 80%,
p=0.001), had a shorter duration of HF [median = 17 months (25t, 75" %iles: 4-50) vs 37
months (25%, 75t %iles: 15-72), p<0.001], had a higher LVEF at randomization [median =
30% (251, 75t %iles: 25-33) vs 229% (251, 75t %iles: 17-27), p<0.001], were less likely
to have an ischemic cardiomyopathy (39% vs 62%, p<0.001), and were more likely to be
randomized to bucindolol (63% vs 47%, p<0.001) (Table 1). Duration of heart failure,
baseline LVEF, absence of an ischemic cardiomyopathy, and treatment with bucindolol were
also significant predictors of HFbEF in a separate propensity-matched analysis (Table 1).
Among patients with HFbEF, 173 (43.4%) had “Extended” recovery, 161 (40.4%) had
“Late” recovery and 65 (16.3%) patients had “Transient” recovery. Compared to patients
who experienced “Late” or “Transient” recovery, patients with “Extended” recovery had a
shorter duration of HF, were less likely to have an ischemic cardiomyopathy, had a higher
LVEF at baseline, had a higher blood pressure, and were more likely to have been
randomized to treatment with bucindolol (Table 2).
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Additional parameters captured on MUGA such as right ventricular function and peak filling
rate (PFR) (end diastolic volume/sec) followed changes to left ventricular function
(Supplemental Figure 1).

HFbEF Phenotypes and Outcomes

Subjects with HFbEF lived longer and had fewer HF hospitalizations compared to subjects
with “No recovery,” (Figure 3). The hazard ratio for event-free survival from death or first
HF hospitalization of the HFbEF group compared to the group with “No recovery” was 0.50
(95% Cl, 0.39-0.64, p<0.001). The favorable outcomes of patients with HFbEF compared to
“No recovery” extended across all other combined or individual clinical endpoints such as
all-cause death (HR 0.44, [95% CI 0.33-0.60], p<0.001), CV death (HR 0.36, [95% ClI
0.25-0.51], p<0.001), and time to first HF hospitalization (HR 0.52, [95% CI 0.38-0.69],
p<0.001) (Table 3). In a separate propensity-matched analysis, patients with HFbEF had
persistently better outcomes (Table 3). When HFbEF was analyzed by subtype, the
composite endpoints of all-cause death and time to first HF hospitalization were very similar
between the “No recovery” and “Transient” recovery groups (HR 0.86, [95% CI 0.55-1.35],
p=0.511) (Table 3). By contrast, outcomes were more favorable in the “Extended” and
“Late” recovery subgroups, which appeared to be comparable to each other. The risk for
event-free survival from all-cause death and time to first HF hospitalization with either
“Late” or “Extended” recovery compared to the “Transient” recovery group was HR 0.55
(95% CI, 0.34 — 0.90, p=0.016). The findings were comparable across all composite and
individual clinical endpoints (Table 3).

Independent Predictors of Heart Failure Recovery Phenotypes

We next evaluated independent predictors of HFbEF through the first year of study follow-
up. Multivariable analyses revealed that patients with HFbEF were more likely to have a
non-ischemic cardiomyopathy, shorter duration of HF, higher baseline LVEF, and to be
treated with bucindolol compared to those who did not recover their LVEF (Table 4). Factors
predictive of “Transient” recovery versus either “Extended” or “Late” recovery were older
age (HR 1.028 [95% CI 1.003-1.053], p=0.029), shorter duration of HF (HR 1.024 [95% ClI
1.010-1.038], p<0.001), and higher baseline serum sodium (= 137 mEg/L versus < 137
mEg/L) (HR 1.612 [95% CI 1.144-2.272], p=0.006) (Supplemental Table 1).

Discussion

Recovery of LVEF among patients with HFrEF has been widely associated with a favorable
prognosis (5,6,8). Indeed, a previous analysis of the BEST study demonstrated that as little
as a =5% change in LVEF over the 12 months is associated with reduced heart failure
hospitalizations and improved survival (7). Yet, although HFbEF has been widely described,
the time course of recovery and relapse is not well defined. Key elements for devising care
strategies for patients with HFbEF include a better understanding of the long-term outcomes
and the determinants of relapse to HFrEF (10). Our secondary analysis of the BEST study
extends prior work by linking the dynamics of functional recovery and relapse to clinical
outcomes. We found that HFbEF comprises a heterogeneous group of patients, not only with
variation in the timing of left ventricular recovery but also the persistence of ventricular
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recovery. Notably, these findings also extend to right ventricular systolic and left ventricular
diastolic function suggesting that LVEF improvement is a surrogate for global myocardial
recovery. Despite better outcomes in patients with HFbEF as a whole (50% reduction in all-
cause mortality and HF hospitalization), our study demonstrates specific phenotypes
amongst patients with HFbEF. Our most striking finding is that “Transient” LVEF recovery
was not associated with improved clinical outcomes, a unique result of our study, not
previously demonstrated in a large cohort. Indeed, we found relapse of ventricular function
to be associated with outcomes comparable to patients without recovery. Because
interruption of medical therapy is linked to a recurrent drop in LVEF, our findings support
the notion that patients with HFbEF should be continued on guideline directed medical
therapy and periodically monitored for functional relapse (10,15).

In our study population, HFbEF patients were more likely to have a non-ischemic
cardiomyopathy, HF of shorter duration, higher baseline LVEF, and to be treated with
bucindolol compared to those who did not recover their LVEF. These findings are highly
consistent with the results of other work (5,16,17). Such a strong signature of recovery
potential suggests an innate biology that underlies functional recovery. Unique to our
analysis, we found that shorter duration of HF was also associated with “Extended” recovery
compared to “Transient” recovery. Thus, we postulate that duration of heart failure serves as
a key threshold for predicting the potential for relapse. How and why duration of heart
failure modifies recovery potential is unclear, but may be related to scar burden and the
cumulative level of myocyte injury. This premise is consistent with prior work suggesting
that baseline scar burden provides important prognostic information on subsequent left
ventricular remodeling and adverse events (18,19). Somewhat unexpectedly, we found
treatment with bucindolol to be strongly associated with recovery of ventricular function,
although bucindolol failed to reduce mortality in the original analysis of the BEST trial and
is not considered to be an evidence-based therapy for HFrEF (13). Subsequent work has
suggested that bucindolol has different levels of efficacy in patients with HFrEF based on
polymorphisms of the ADRBI gene (20). Whether our association of bucindolol treatment
with HFbEF signals a primary effect of bucindolol or is an indicator for genetic variants that
promote HFbEF is uncertain, but likely highlights a role for innate myocyte biology in
modulating reverse remodeling. Additional translational studies will be needed to further
elucidate mechanisms and predictors of functional recovery.

Our study drew its strength from a large sample size and a prolonged follow-up with
repeated high fidelity LVEF measurement. Further, clinical events were adjudicated by an
independent committee. However, our analysis has some limitations that need to be
acknowledged. Background therapy in the BEST trial was limited to ACE inhibitors and
ARBs. MRAs and cardiac resynchronization therapy were not widely utilized at the time of
the study. Since these therapies are well-known to affect reverse remodeling and recovery of
LVEF, our findings might underestimate recovery potential in current practice. Of note,
similar analyses in a more contemporary trial and real-world cohort appear to observe a
similar if not higher proportion of LVEF improvement despite similar predictors of LVEF
recovery (6,17,21). A second potential issue is the definition of recovery. We chose to define
HFbEF as an increase in LVEF from < 35% at baseline to > 40% at 3 or 12 months based on
LVEF thresholds used to guide the implantation of primary prevention ICDs. While this in
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congruent with prior studies, other cut-offs used to define improved LVEF include >45%
(22) and >50% (23). Standardization of HFbEF definitions is likely needed for prospective
studies focused on patients with HFbEF.

Conclusions

Patients who recover their LVEF are a heterogenous cohort with approximately 20% likely
to relapse to HFrEF. Understanding what factors differentiate patients with “Transient”
recovery from more durable recovery may lead to better approaches for promoting true
recovery from HFrEF compared to remission. Additionally, because patients with
“Transient” recovery of their LVEF go on to have similar outcomes to patients without
recovery, patients with HFbEF should undergo ongoing treatment and surveillance to
prevent relapse of ventricular dysfunction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Longitudinal trend of left ventricular ejection fraction in patients enrolled to the BEST trial.
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Figure 3.
Kaplan-Meier Plot for freedom from death or first heart failure hospitalization by recovery
status.
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