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Abstract

Heart failure with improved ejection fraction (HFimpEF) has better outcomes than HF with
reduced EF (HFrEF). However, factors contributing to HFimpEF remain unclear. This study
aimed to evaluate clinical and longitudinal characteristics associated with subsequent HFimpEF.
This was a single-center retrospective HFrEF cohort study. Data were collected from 2014 to
2022. Patients with HFrEF were identified using International Classification of Diseases codes,
echocardiographic data, and natriuretic peptide levels. The main end points were HFimpEF
(defined as EF >40% at >3 months with 210% increase) and mortality. Cox proportional hazards
and mixed effects models were used for analyses. The study included 1,307 patients with HFrEF
with a median follow-up of 16.3 months (interquartile range 8.0 to 30.6). The median age was
65 years; 68% were male whereas 57% were White. On follow-up, 38.7% (n = 506) developed
HFimpEF, whereas 61.3% (n = 801) had persistent HFrEF. A multivariate Cox regression model
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identified gender, race, co-morbidities, echocardiographic, and natriuretic peptide as significant
covariates of HFimpEF (p <0.05). The HFimpEF group had better survival compared with

the persistent HFrEF group (p <0.001). Echocardiographic and laboratory trajectories differed
between groups. In this HFrEF cohort, 38.7% transitioned to HFimpEF and approximately 50%
met the definition within the first 12 months. In a HFimpEF model, gender, co-morbidities,
echocardiographic parameters, and natriuretic peptide were associated with subsequent HFimpEF.
The model has the potential to identify patients at risk of subsequent persistent or improved
HFrEF, thus informing the design and implementation of targeted quality-of-care improvement
interventions.

Keywords

echocardiogram; HFimpEF; HFrEF; trajectories

Methods

For a subset of patients with heart failure with reduced ejection fraction (HFrEF), some
improvement in EF occurs. To be formally classified as HF with improved EF (HFimpEF),
however, the patients must have a baseline left ventricular EF (LVEF) of <40% and
subsequent LVEF >40% at >3 months, with >10% absolute increase.1=3 The prognosis
and outcomes for HFimpEF tend to be better as compared with persistent HFrEF. Patients
with HFimpEF have significantly lower rates of mortality, cardiac hospitalizations, all-cause
hospitalizations, and composite events.*~2 Moreover, HFimpEF patients have lower rates
of cardiac transplantation, LV assist device implantations, and a significant enhancement
in health-related quality of life.19 However, the underlying mechanisms and factors leading
to HFimpEF are not yet fully understood. The improvement in EF seen in HFimpEF can
be because of the use of evidence-based medical therapy, device therapies, spontaneous
improvement, or a combination of them.111.12 Nonetheless, specific patient clinical
characteristics or treatments that contribute to HFimpEF are not always clear. Factors such
as the etiology of the initial injury, female gender, and non-ischemic co-morbidities have
been related to EF improvement and subsequent clinical outcomes.” Echocardiographic
data on HFimpEF patients have highlighted an initial better LV dimensions, and diastolic
function compared with patients with persistent HFrEF.82 However, the absence of a
widespread consensus on the clinical, laboratory, echocardiographic, and therapy factors
associated with EF improvement remains a challenge. A better understanding of those
factors could help clinicians predict which patients are at risk of persistent HFrEF or
HFimpEF. This can inform and design management strategies for this complex population.
Therefore, the objective of this study is to evaluate clinical and longitudinal factors
associated with subsequent HFimpEF development.

This was a single-center retrospective cohort study conducted at the University of California,
Davis Medical Center. The study was approved by the university’s Institutional Review
Board, and all data used were de-identified before analysis.

Data was collected through the institution’s electronic health record data warehouse between
January 2014 and December 2022. The study population consisted of adult patients (=18
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years) diagnosed with HFrEF. The HFrEF cohort inclusion criteria included International
Classification of Diseases (ICD) HF codes (ICD-Ninth Revision or ICD-Tenth Revision),
LVEF <40%, and brain natriuretic peptide (BNP) =100 pg/ml. Diagnostic accuracy was
evaluated on a random sub-sample (n = 200) of the cohort and compared with physician
chart review. Excluded were patients who had ICD codes for cardiac transplant or LV assist
device implantation, those who had only one LVEF value in the electronic medical record,
and those with less than a 3-month interval between their first and second evaluation of
LVEF.

The demographic information extracted consisted of self-reported gender, race, and
ethnicity. Baseline laboratory, echocardiogram, and electrocardiogram characteristics

were defined as the first value within 90 days after the first LVEF <40% or the

first available. Co-morbidities were defined as diagnoses before the first LVEF <40%

date and validated co-morbidity identification methodologies were used.1314 For this
study, we defined guideline-directed medical therapy utilization as the prescription of
medications within 6 months before and within 3 months after the first LVEF <40%

date. Data on medication of reconciliation was used to represent the most complete
possible information. The medications included renin-angiotensin-system inhibitor (RASI),
B blockers, mineralocorticoid receptor antagonists, and sodium-glucose co-transporter

2 inhibitors. The RASI category comprised angiotensin-converting enzyme inhibitor,
angiotensin receptor blocker, and angiotensin receptor neprilysin inhibitor. Patients were
placed into 1 of 3 dosing categories based on their recorded prescription: either none, <50%,
or 250% of guideline-directed therapy target dosing.1®

Longitudinal laboratory, electrocardiogram, and echocardiogram variables were extracted,
starting from the first LVEF <40% until the last available data point on follow-up. Data
on all-cause mortality was obtained from the clinical data warehouse, with the latest data
available within the study timeline being extracted.

The cohort was stratified into 2 groups: one group consisting of persons with HF who had
an improvement in EF (HFimpEF) and a second group consisting of persons who did not
experience an improvement but maintained persistently reduced EF (persistent HFrEF). We
applied the following criterion to define HFimpEF: an initial LVEF of <40%, followed by a
subsequent LVEF measurement of >40% at least 3 months later, with a minimum absolute
improvement of 10%.1-3 Those who did not meet these criteria were categorized as patients
with persistent HFrEF.

End points were analyzed in a time-to-event fashion. The primary end point was the
development of HFimpEF, and all-cause mortality was the secondary end point. For patients
who did not experience HFimpEF, the last LVEF captured was considered the last follow-up
(so censoring). For the mortality outcome analysis, the last LVEF was considered the last
follow-up.

Descriptive statistics were used to summarize baseline characteristics. Between-group
comparisons were performed using Student #test or Wilcoxon signed-rank test for
continuous variables, and chi-square or Fisher’s exact test for categorical variables as
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appropriate. In a complete-case analysis fashion, we first conducted univariate Cox
regression analyses for each variable for the HFimpEF primary end point. Variables with

p <0.20 in univariate analyses were included in the multivariate Cox regression model. The
final multivariate model was selected using backward-elimination with a retention threshold
of p <0.05. For the multivariate model, collinearity between variables was tested using
correlation analyses, with a correlation coefficient threshold of r=+0.50. The robustness

of the results and missing data were evaluated by performing a sensitivity analysis with
multiple imputation (/= 50), followed by pooling the derived parameter estimates and
associated standard errors. Kaplan—Meier survival curves and the log-rank test were used to
compare overall survival (secondary end point) between the HFimpEF and persistent HFrEF
groups. The trajectories of echocardiogram and laboratory parameters over time were plotted
using penalized B-spline curves. Linear mixed models for longitudinal data were performed
to assess changes between groups over time. Analyses were performed using SAS software
version 9.4 (SAS institute, Cary, North Carolina).

The cohort identification criteria had a specificity of 0.96 and a sensitivity of 0.60 as
compared with physician chart review (Supplementary Table 1). Patients were followed for a
median of 16.3 months (interquartile range 8.0 to 30.6). Over the course of follow-up, a total
of n =506 (38.7%) patients developed HFimpEF (50% within the first year), whereas n =
801 (61.3%) had persistent HFrEF (Figure 1, Supplementary Figure 1).

Between-group comparisons of patient baseline characteristics are listed in Table 1. The
HFimpEF group consisted of older patients with a higher percentage of females as compared
with the persistent HFrEF group. Additionally, the HFimpEF group exhibited a higher heart
rate, body mass index, higher prevalence of hypertension and atrial fibrillation, whereas
displaying a lower prevalence of ischemic heart disease. The HFimpEF group also had
lower BNP and LV internal dimension values, along with higher LVEF, posterior wall, and
interventricular septum thickness. The guideline-directed therapy utilization of RASi and

B blockers at =50% target doses was more frequent in the HFimpEF group. However, the
persistent HFrEF group displayed an overall higher frequency in the use of RASi and 8
blockers.

Results derived from the univariate analyses and subsequent multivariate Cox regression
model for the primary HFimpEF end point are listed in Table 2. In the multivariate model,
significant (p <0.05) baseline characteristics associated with HFimpEF included female
gender, atrial fibrillation, elevated heart rate, higher first LVEF, and increased thickness

of the interventricular septum thickness at end-diastole (IVVSd). Covariates associated

with persistent HFrEF included Black race, ischemic heart disease, higher levels of BNP,
increased LV internal dimension (LVID) at end-diastole and using g blockers at <50% of
the target dose (results summarized in Figure 2). The HFimpEF multivariate model had an
acceptable predicting accuracy with a C-statistic of 0.68. The sensitivity analyses produced
similar results (i.e., all predictors retained statistical significance). However, Black race did
not reach significance levels (p >0.05), suggesting a weak association with the outcome
(Supplementary Table 2)
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For the secondary end point of all-cause mortality, the HFimpEF group had a median
survival of 80 months (95% confidence interval: 74.4 to 93.7), whereas the persistent HFrEF
group had a median survival of 62 months (95% confidence interval: 55.6 to 74.2). Figure

3 depicts the Kaplan-Meier survival curves, indicating a significantly higher survival in the
HFimpEF group (log-rank p <0.001).

Echocardiogram trajectories are depicted in Figure 4. For the HFimpEF group, there was

a marked LVEF improvement within the first year, with a trend to decline over time.
Conversely, the persistent HFrEF group showed a continuous trend in LVEF decline.
Overall, the time-dependent echocardiogram parameters demonstrated that the HFimpEF
group had an increasing trend in LVEF, IVSd, posterior wall, and tricuspid annular plane
systolic excursion (TAPSE). Meanwhile, a decreasing trend was observed in LVID at end-
diastole, LVID at end-systole, and pulmonary artery systolic pressure (PASP). Linear mixed
models showed statistically significant (p <0.001) changes between groups over time for
LVEF, IVSd, LVID at end-diastole, LVID at end-systole, and TAPSE. However, posterior
wall and PASP showed minimal longitudinal changes, following the same initial trend (p =
0.397 and p = 0.067, respectively).

The biomarkers and corrected QT trajectories are shown in Figure 5. The HFimpEF group
demonstrated significantly increased levels of sodium and estimated glomerular filtration
rate (p <0.001) over time. However, after year 4, estimated glomerular filtration rate values
seemed to demonstrate a decline. At the same time, BNP and corrected QT values showed
slight variations over time, following the same initial trend (p = 0.083 and p = 0.129,
respectively).

Discussion

This retrospective HFrEF cohort was conducted to evaluate clinical and longitudinal
characteristics associated with HFimpEF. In our HFrEF cohort, it was found that 38.7%
of patients transitioned to HFimpEF and 50% of these patients made this transition

within their first follow-up year. The HFimpEF Cox regression model identified baseline
covariates of persistent or improved HFrEF, which included gender, race, co-morbidities,
echocardiographic parameters, and BNP. Thus, opening venues for HFrEF improvement
risk stratification. Moreover, the HFimpEF group demonstrated distinct echocardiographic
and laboratory trajectories and improved survival rates as compared with patients in the
persistent HFrEF group.

The baseline characteristics of our HFimpEF cohort consisted of patients who were

more likely to be older, female, and with increased prevalence of co-morbidities such

as hypertension and atrial fibrillation. This suggests a non-ischemic profile, which may
increase the likelihood of LVEF improvement. In contrast, the persistent HFrEF group
demonstrated a higher prevalence of ischemic heart disease, higher BNP levels, and less
favorable LV geometry and function (LV internal dimensions, posterior wall, 1\VSd, and
LVEF). These characteristics are consistent with previous studies.*=9 Lastly, the persistent
group exhibited worse echocardiogram and BNP profiles, and they were prescribed RASI
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and g blockers more often. This suggests that these treatments were more frequently
prescribed to patients with more severe HF.

In the multivariate Cox regression analysis, multiple characteristics were associated with
HFimpEF (Table 2 and summarized in Figure 2). Of note, in contrast with previous
research,’-8 associations with HFimpEF were investigated in a time-to-event fashion. These
findings could aid in the stratification of patients at risk for developing persistent HFrEF.

Previous research has highlighted that female biologic gender is associated with
improvement in LVEF.”8 This association was also observed in our multivariate model.
Additionally, Black race was related with persistent HFrEF. Previous studies have
highlighted that Black patients have an increased susceptibility to structural cardiac
remodeling that is more associated with worse systolic function.16-18 Although, in our
sensitivity analysis, Black race resulted in a weak association, these findings support the
need for further exploration of the racial disparities underpinning HF in Black patients.
Consistent with other HFimpEF studies,”: patients with atrial fibrillation had an increased
likelihood of improving their EF. It is possible that effective medical or device therapy for
controlling atrial fibrillation contributes to this result. In contrast, patients with ischemic
heart disease have compromised blood flow to the cardiac muscle with subsequent
permanent and irreversible cardiac damage. This type of injury may explain why these
patients had a decreased probability of EF improvement, as has been reported in other
studies.”-8

An unfavorable LV geometry and function (LVID at end-diastole, 1VVSd, and LVEF) at the
time of diagnosis would be less likely to improve from a mechanistic standpoint. Similarly,
elevated levels of BNP can also be a surrogate of unfavorable cardiac function. This may
explain the predictive value of these echocardiograms and BNP markers found in our
HFimpEF model.

As listed in Table 1, B blockers at <50% of target doses were more frequently prescribed to
patients with more severe HF, the persistent HFrEF group. This explains the apparent inverse
relation between g blockers at <50% of target dose and the HFimpEF outcome. Of note, the
retrospective nature of our study does not establish causality. Instead, our findings should be
interpreted as associations rather than direct causes and effects.

The RASI and g blockers at =50% target doses were more common in the HFimpEF group
(Table 1). However, in the multivariate analysis neither were independently associated with
HFimpEF (Table 2). These findings are consistent with other studies that have reported a
lack of association between guideline-directed therapy and the definition of HFimpEF.”:8
One possible explanation for this could be the enhancement in LVEF by guideline-directed
therapy in real-world clinical settings is insufficient to meet the established definition
criteria for HFimpEF.3 Furthermore, guideline-directed therapy is frequently underused and
underdosed in health care systems,1° as observed in this study.

Lastly, the persistent HFrEF group was also associated with increased utilization of 8
blockers at <50% of target along with lower heart rate and higher prevalence of ischemic
heart disease. Taken together, this constellation of features delineates a profile of ischemic
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injury, frequent use of S blockers, and lower heart rate related to persistently reduced EF on
follow-up.

In the present study, patients in the HFimpEF group demonstrated longer survival rates

than their persistent HFrEF counterparts. These results are supported by previous studies
demonstrating improved survival rates in patients with HFimpEF.4-8 This finding highlights
the importance of identifying patients who are at risk of having persistent HFrEF and the
need to design and implement interventions to impact outcomes.

The longitudinal echocardiographic analysis of the HFimpEF group versus the persistent
HFrEF group demonstrated contrasting differences in longitudinal trajectories, most notably,
marked LVEF improvement within the first year for the HFimpEF group. Moreover, the
HFimpEF group also exhibited increasing trends in LVEF, 1VVSd, posterior wall, and TAPSE
and decreasing trends in LVID at end-diastole, LVID at end-systole, and PASP over time.
These cardiac geometric and functional changes are indicative of reverse remodeling in the
HFimpEF group and remodeling in the HFrEF group.

The values for BNP and corrected QT exhibited small variations over time, following

the same initial longitudinal pattern over time between groups. This points toward a
persistent electrical remodeling and the persistence of initial BNP levels over time in both
groups. Lastly, the HFimpEF group also experienced an increase in sodium and estimated
glomerular filtration rate over time, suggesting an improved HF leading to renal function
enhancement, a decrease in neurohormonal activation, and improvement in renal retention of
sodium and water. However, despite initial improvements, there was a long-term decline in
estimated glomerular filtration rate over time (after 4 or more years of follow-up).

The HFimpEF Cox regression model in the present study has the potential to inform
stratification of HFrEF patients who are at risk of experiencing persistent HFrEF at
baseline. Early identification of patients at risk for persistent HFrEF creates opportunities
to design and implement targeted quality-of-care strategies for guideline-directed therapy,
device therapy, timely referrals to advanced HF care, and monitoring strategies to

impact HF outcomes. However, although the model yielded a promising C-statistic of
0.68 given the complexity of the data at hand, validation is required before the model

can be implemented for clinical purposes. Although prospective randomized studies are
ideal for such validation, external and internal validation methodologies can determine
reproducibility and generalizability. Additionally, machine learning models could potentially
offer more accuracy.

The possible underlying mechanisms for the clinical outcome post-insult are likely
multifactorial in nature. Cardiomyocyte loss because of apoptosis, necrosis, or pyroptosis
is triggered by multiple factors including ischemia, pressure-overload, and mitochondrial
dysregulation inducing critical transcriptional factors, inflammatory cytokines, and growth
factors such as nuclear factor kappa B, tumor necrosis factor, and transforming growth
factor-beta, leading to further cardiac fibrosis and cell death.20-23 The underlying co-
morbidities, lifestyle modification, and the lack of optimal guideline-directed therapy can
significantly alter the underlying mechanisms, leading to adverse electrical and structural
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remodeling.24:25 Furthermore, the intricate balance of intracellular calcium and sodium
levels in cardiomyocytes, controlled by sarcoplasmic reticulum calcium ATPase, sodium/
calcium exchanger, and sodium and calcium channels, may contribute not only to HF
phenotype including cardiac arrhythmias but also mechanistically through transcriptional
activation and posttranslational modification.26-28 To further decipher the myriads of
mechanistic underpinnings contributing to HF progression, multiple animal HF models can
be utilized with the ultimate goal of developing novel therapeutic targets.29 Nevertheless, a
comprehensive exploration into these mechanisms remains an area for future research.

This study has limitations that should be considered when interpreting the results. First, the
cohort was derived from a single center, which may limit the generalizability of our findings
to other populations and healthcare settings. Second, the observational and retrospective
nature of our study precludes the identification of clear causal etiologies of HF, and we
cannot establish causal inferences between the identified predictors and the development of
HF improvement. Our findings should be interpreted as associations rather than direct causes
and effects. Prospective studies would be needed to delve deeper into etiologies and causal
inferences. Additionally, despite adjusting for multiple variables in the multivariate Cox
regression analysis, residual confounding because of unmeasured factors cannot be ruled
out. Finally, cause-specific mortality analysis is lacking as our institution does not routinely
gather cause-specific mortality information.

In conclusion, the present study demonstrates that 38.7% of patients transitioned to
HFimpEF in our HFrEF cohort. Key baseline characteristic predictors in an HFimpEF

Cox regression model included gender, co-morbidities, echocardiographic measurements,
and BNP. If further validated to determine reproducibility, this model could potentially
contribute to risk stratification assessment for persistent or improved HFrEF. Early risk
stratification enables design and implementation of targeted interventions for quality-of-care
improvement impacting HF outcomes. Moreover, the HFimpEF group exhibited better
survival rates, and distinct longitudinal echocardiogram and laboratory trajectories when
compared with persistent HFrEF.
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Figurel.
Cohort identification workflow. LVAD = left ventricular assist device.
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HR(95%Cl) P
2.17 (1.42 - 3.30) <.001
1.48 (1.19 - 1.84) <.001
1.31(1.05 - 1.63) 0.017
1.20 (1.03 - 1.40) 0.018
1.18 (1.07 - 1.29) <.001
0.89 (0.82 - 0.98) 0.012
0.79 (0.69 - 0.90) <.001
0.77 (0.61- 0.97) 0.024

0.74 (0.55 - 0.99) 0.043

0.62 (0.47 - 0.80) <.001

0.94 (0.74 - 1.19) 0.603

T T
0.5 1 2

& »

4

Associated with HFrEF Associated with HFimpEF

Figure 2.

Summary of the multivariate Cox regression model for the HFimpEF primary outcome. A
backward-elimination algorithm was utilized to select the final multivariable model, with a
retention threshold of p <0.05. See Table 2 for details. Cl = confidence interval.
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Kaplan-Meier survival curve for all-cause mortality (secondary outcome) by persistent
HFrEF vs. HFimpEF group. CI = confidence interval.
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1.20

1.15 1

. /—\

0 1 2 3 4 5 6 T
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801 464 313 200 124 84 49 29
506 332 245 18 117 9 56 27

h T T T
0 1 2 3 4 5 6 T
Years

786 417 263 189 115 73 47 26
497 315 227 171 109 8 52 26

Longitudinal trend of echocardiogram parameters. Data presented as mean (CI) and time as
years using penalized B-spline curves. In linear mixed models, LVEF, IVSd, LVIDd, LVIDs,
and TAPSE parameters exhibited significant changes over time (p <0.001). Only PW and
PASP exhibited slight changes, with the same initial trend over time (p = 0.397 and p =

0.067 respectively).

Am J Cardiol. Author manuscript; available in PMC 2024 February 15.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Romero et al. Page 15

Persistent HFfEF ———  HFimpEF ———
A B
7.0 137
65 -
o 136 -
T N
© 135 -
o) 55- =z
3 \/——’—\
- s50- 54 -
45 -
133
40 1 T T T T T T T T T T T T
o 1 2 3 4 5 6 7 0o 1 2 3 4 5 6 7
Years Years
Persistent, N801 433 285 176 99 60 40 11 801 627 456 318 210 129 81 44
HFimpEF, N506 267 171 113 74 5 27 12 505 440 372 278 209 161 95 55
C D
50 - 470
45 460 -
14 3}
™8 =
40
o O
35 -
440 -
30 L L — ‘ : ; ‘
o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
Years Years
Persistent, N752 532 346 228 125 69 45 18 789 517 35% 239 156 91 49 28
HFimpEF, N 480 372 312 233 155 115 54 28 498 335 253 185 136 101 59 28
Figure5.

Longitudinal trend of labs and QTc parameters. Data presented as mean (CI) and time

as years using penalized B-spline curves. In linear mixed models, eGFR and sodium
showed significant changes over time (p <0.001). Contrarily, BNP, and QTC presented the
same longitudinal trend without significant changes over time (p = 0.083 and p = 0.129
respectively). eGFR = estimated glomerular filtration rate; Na = sodium; QTc = corrected
QT interval for heart rate.
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