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Abstract

Aims This study aims to assess long-term changes in left ventricular ejection fraction (LVEF) together with echocardiographic
markers of cardiac remodelling and their association with prognosis and patient-reported quality of life (QoL).
Methods and results We conducted a retrospective analysis of serial echocardiograms performed between January 2009
and December 2019 in 1089 patients (median age 63 years, 71.0% men) enrolled in the Mazankowski Heart Function Clinic
Registry who had at least two echocardiograms separated by ≥12 months. We classified the patients into four subgroups
by their baseline and LVEF trajectories: persistent heart failure with reduced ejection fraction (persistent HFrEF, n = 364), re-
covered ejection fraction (HFrecEF, n = 325), transient recovery in ejection fraction (HFtrecEF, n = 117), and preserved ejection
fraction (HFpEF, n = 283); 4490 echocardiograms were included in the present analysis, with 4.1 ± 1.8 echocardiograms avail-
able per patient during follow-up. Reductions in echocardiographic markers of cardiac remodelling, including LVIDd [adjusted
odds ratio (aOR): 2.22, 95% confidence interval (CI) 1.75–2.86], LVIDs (aOR: 2.44, 95% CI 2.00–2.94), left ventricular mass index
(aOR: 1.15, 95% CI 1.09–1.22), E/e0 ratio (aOR: 1.15, 95% CI 1.02–1.30), left atrial volume index (aOR: 1.10, 95% CI 1.03–1.16),
along with an increase in the maximum recommended daily dose of renin-angiotensin system inhibitors (aOR: 1.04, 95% CI
1.01–1.07) and mineralocorticoid-receptor antagonists (aOR: 1.06, 95% CI 1.01–1.11) at 2 years, strongly predicted the
HFrecEF classification, which was further sustained at 5 years of follow-up. However, changes in these parameters were mostly
absent in patients experiencing only a transient recovery in LVEF (HFtrecEF), closely resembling patients with persistent HFrEF.
In the multivariable analysis, HFrecEF patients had lower risk of all-cause mortality alone [adjusted hazard ratio (aHR): 0.46,
95% CI 0.23–0.93], and composite all-cause (aHR: 0.59, 95% CI 0.49–0.73), cardiovascular (aHR: 0.47, 95% CI 0.36–0.61),
and heart failure (aHR: 0.50, 95% CI 0.35–0.70) related hospitalizations with mortality than patients with persistent HFrEF.
QoL assessed through the shortened Kansas City Cardiomyopathy Questionnaire-12 at the end of follow-up was greater in pa-
tients with HFrecEF by 5.2, 12.4, and 9.4 points than persistent HFrEF, HFtrecEF, and HFpEF, respectively.
Conclusions Patients with HFrecEF experienced progressive normalization in echocardiographic markers of cardiac
remodelling characterized by reductions in left ventricular dimensions and mass in tandem with reductions in left atrial
volume and E/e0 ratio, which is associated with better prognosis and QoL.
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Introduction

Left ventricular ejection fraction (LVEF) is an essential
parameter for diagnosis, prognostication, classification,

management, and surveillance of patients with heart failure
(HF).1 Recovery of LVEF is observed in 10% to 40% (depend-
ing on the definition used) of patients with heart failure with
reduced ejection fraction (HFrEF),2–6 and this population is
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often referred to as heart failure with recovered ejection
fraction (HFrecEF). However, whether this reflects true myo-
cardial recovery remains speculative as recurrence of HF
events and relapse in symptoms following the withdrawal
of evidence-based medical therapies is prevalent, despite
the normalization in LVEF.7

Left ventricular ejection fraction recovery is frequently as-
sociated with cardiac reverse remodelling marked by the res-
toration of left ventricular (LV) geometry and global cardiac
function accompanied by biomarker, neuroendocrine, geno-
mic, molecular, and cellular changes in settings of optimal
medical and device therapies.5,6,8–10 Patients with HFrecEF
experience better prognosis compared with those with per-
sistent HFrEF and heart failure with preserved ejection frac-
tion (HFpEF).2–5 Furthermore, the trajectories of LVEF in
patients with HFrEF remain dynamic, reflective of progression
along the HF spectrum, with deteriorations in LVEF following
initial recovery observed in a substantial proportion of
patients.11,12 By estimate, approximately 16% of patients
with initial recovery in LVEF experience subsequent deterio-
rations within 1 year.13

Accordingly, there is a need to further differentiate
HFrecEF from persistent HFrEF and patients experiencing only
a transient recovery in LVEF to inform clinical management
consistent with the heterogeneity of HF.6 In this study, we
characterized the longitudinal trajectories of echocardio-
graphic parameters associated with cardiac remodelling
through serial and detailed evaluation of echocardiograms
to delineate the natural history of patients with HFrecEF
and understand factors influencing divergent trajectories in
LVEF. We further complement these findings with long-term
clinical outcomes and quality of life (QoL) assessments from
a comprehensive outpatient-based heart function registry at
an urban tertiary-care academic centre.

Methods

Study population and design

Since February 2018, 1385 consecutive outpatients with
documented cardiologist diagnosed HF visiting the Heart
Function Clinic (HFC) at the Mazankowski Alberta Heart Insti-
tute (Canada) were enrolled into a prospective HFC registry.
The HFC is a tertiary referral centre in Alberta, Canada, with
a catchment of approximately two million adults utilizing a
specialized multidisciplinary care approach for HF manage-
ment. All enrolled patients had either pre-existing HF already
followed by the HFC or new-onset HF. Patients were followed
according to the usual standard-of-care (i.e. without specific
treatment algorithms) with QoL assessments conducted
using the shortened Kansas City Cardiomyopathy Question-
naire (KCCQ-12) at enrolment and during scheduled follow-

ups.14 There were no specific exclusion criteria identified, ex-
cept for patients must be ≥18 years of age. Our study was
conducted in accordance with the ethical principles of the
Declaration of Helsinki with approval from the University of
Alberta Health Research Ethics Board (Pro00077124).
Written informed consent was obtained from all participants.

Utilizing the HFC registry, we analysed serial 2D echocar-
diograms performed over 10 years between January 2009
and December 2019 through review of individual electronic
medical records. For the present analyses, 1089 patients
met the inclusion criteria with ≥2 serial echocardiograms sep-
arated by ≥12 months (Supporting Information, Figure S1). All
echocardiograms examined for this study were performed
and interpreted at academic hospitals by certified echocardi-
ographers in accordance with the American Society of
Echocardiography guidelines.15

Clinical characteristics and outcome assessment

Clinical characteristics, co-morbidities, and risk profiles at
baseline were collected through accessing the linked
healthcare administrative databases available through
Alberta Health Services using the International Classification
of Diseases, Tenth Revision codes, Canada (ICD-10-CA) ob-
tained from all hospitalization records in the 4 years prior
to the index date (date of the first echocardiogram) as we
have carried out previously.2,16 Individual review of electronic
medical records was conducted for patient demographics,
primary HF aetiology, and device therapies. ICD-10-CA coding
in Alberta has been validated with a positive predictive value
>75% and specificity >98% for cardiovascular (CV)
conditions.17 Medication dispensation records and dosages
were obtained from the Alberta Pharmaceutical Information
Network (capturing details regarding all medication dispensa-
tions from community pharmacies within the province since
2008)18 (Supporting Information, Table S1). Clinical out-
comes, including all-cause, CV, and HF hospitalizations, were
examined together with all-cause mortality, which were
obtained from the Discharge Abstract Database and the
Provincial Registry database, respectively.

Heart failure classifications

Using baseline and serial echocardiograms, patients were
classified based on the working definition proposed by the
JACC scientific expert panel as (i) persistent HFrEF, if LVEF
was persistently <40%, (ii) HFrecEF, if baseline LVEF was
<40%, but improved to >40% in serial evaluations, concur-
rent with an ≥10% absolute improvement in LVEF, and main-
tained throughout the study (iii) heart failure with transient
recovery in ejection fraction (HFtrecEF), if patients experi-
enced a transient recovery in LVEF from <40% to >40%,
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concurrent with an ≥10% absolute improvement in LVEF but
subsequently deteriorated back to<40% within the study pe-
riod, (iv) HFpEF, if baseline LVEF is ≥50% with no previous
documentation of LVEF <50%.6 Patients with mid-range ejec-
tion fraction (i.e. LVEF 40–49%) were excluded from the cur-
rent analysis based on the heterogenous LVEF trajectories in
this patient cohort (Supporting Information, Figure S2).19 All
echocardiograms included in the study were individually
reviewed by two members of the study team for verification
of patient classification. The mean LVEF value was used for
analyses if LVEF was reported as a range.

Statistical analysis

Descriptive statistics were presented as medians with inter-
quartile range (IQR) or mean with standard deviation for con-
tinuous data, and between-group comparisons were made
using the non-parametric Mann–Whitney U or Kruskal–Wallis
test when appropriate. Categorical data were presented as
absolute numbers with percentages and compared using
the χ2 or Fisher’s exact test when appropriate. The longitudi-
nal trajectories in echocardiographic parameters and
medication dosages were analysed by loess (locally weighted
error sum of squares) curves with 95% confidence intervals
(CI) fitted across the pre-defined study cohorts as a
non-parametric depiction of changes over time. Linear mixed
effect models were used to compare the echocardiographic
and medication dosage trajectories in patients across the four
HF subcohorts based on pre-specified classifications.

For predictors of LVEF trajectories, multinomial logistic re-
gression was performed for the association between echocar-
diographic parameters including left ventricular internal
diameter end diastole (LVIDd), left ventricular internal diam-
eter end systole (LVIDs), left ventricular mass index (LVMI),
E/e0 ratio, left atrial volume index (LAVI), and HF medication
dosages through the percentage maximum recommended
daily dose (MRDD) with HF classifications. The estimation
models were adjusted for age, sex, HF aetiology, diabetes,
atrial fibrillation, Charlson co-morbidity index, hospital frailty
risk scores, use of HF medications [renin-angiotensin system
inhibitors (RASi), mineralocorticoid receptor antagonists
(MRA), beta-blockers], K+ levels, and eGFR. Rates of
missingness of data during follow-up were ≤4% for most var-
iables including LVIDd, LVIDs, LVMI, and LAVI, except for E/e0
ratio (missing for 24% of patients). Multiple imputation by
chained equations (MICE) algorithm was utilized for imputa-
tion of missing predictor values at both 2 and 5 years to
minimize the impact of missing data during longitudinal fol-
low-up.20 First, missing values were replaced with the means
of the non-missing values as a place holder. Subsequently, the
place holder value was replaced with the results of a regres-
sion with the missing value as a dependent variable with the

non-missing values as an independent variable. This process
was then repeated for each missing value.

Clinical outcomes amongst HF cohorts were compared
using the Kaplan–Meier curve and log-rank test over 10 years.
Multivariable Cox regression analyses were performed to as-
sess association between HF classifications and changes in
echocardiographic parameters with subsequent clinical out-
comes. Patients were followed until death or appropriately
censored at the end of the study. We adjusted for age,
sex, HF aetiology, diabetes, atrial fibrillation, Charlson
co-morbidity index, hospital frailty risk scores, and the use
of HF medications in this model. KCCQ-12 scores were de-
rived from physical limitations, symptom burdens, social lim-
itations, and QoL domains and summarized to a scale ranging
from 0 to 100. Time-varying component of KCCQ-12 from
follow-up duration was adjusted for using a multivariable
general linear model for between group comparisons. Statis-
tical significance was considered based on two-tailed
P < 0.05. All statistical analyses were performed using SPSS
version 26 (IBM Corporation, Armonk, New York) and R
3.6.1 (Vienna, Austria).

Results

Baseline characteristics

Amongst the 1089 patients eligible for analyses, we identified
four distinct HF cohorts according to our pre-specified classi-
fications. At index echocardiogram, 283 (26.0%) patients had
preserved LVEF (≥50%), and 806 patients (74.0%) had
reduced LVEF (<40%). Evaluation of serial echocardiograms
revealed 364 patients (33.4%) as having persistent HFrEF
(median follow-up time of 6.6 years, IQR: 3.4–8.9 years),
325 patients (29.8%) as HFrecEF (5.5 years, IQR:
3.0–8.3 years), and 117 (10.7%) patients as HFtrecEF
(7.8 years, IQR: 5.7–9.2 years). A total of 4490 echocardio-
grams were included in the present analysis (Supporting In-
formation, Figure S3). Overall, 4.1 ± 1.8 echocardiograms
were available per patient during follow-up, with HFrEF,
HFrecEF, HFtrecEF, and HFpEF, having 4.0 ± 1.8, 3.8 ± 1.8,
5.4 ± 1.7, and 4.1 ± 1.8 echocardiograms per patient, respec-
tively (Supporting Information, Figure S4). Patients with
HFrecEF were characterized by being younger (P = 0.007),
more likely to be women (P = 0.03) with non-ischaemic HF
aetiology (P < 0.001), better renal function based on eGFR
(P = 0.001), lower baseline BNP levels (P = 0.009), more pre-
scription of MRA (P = 0.003), with less prescription of warfa-
rin (P = 0.001) and nitrates (P < 0.001) compared with
patients with persistent HFrEF (Table 1). Moreover, HFrecEF
tended to have higher prevalence of atrial fibrillation
(P = 0.04), lower prevalence of diabetes (P = 0.02), coronary
artery diseases (P < 0.001), and an overall lower frailty score
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(P = 0.04) and co-morbidity index (P < 0.001). In comparison,
patients with HFtrecEF closely resembled those with
persistent HFrEF in demographic and clinical characteristics
(Table 1). Prescription of angiotensin receptor neprilysin
inhibitor (P < 0.001) and ICD implantation (P < 0.001)
occurred more frequently in patients with persistent HFrEF
and HFtrecEF than in HFrecEF during follow-up.

Trajectories in echocardiographic parameters and
heart failure medication dosages

Incidence of cardiac reverse remodelling was only evident in
patients with HFrecEF, which is associated with a sustained
rise in LVEF over the study period (Figure 1 and Supporting
Information, Figure S5). Between baseline and 2 years,
LVEF improved by 20.1% (IQR: 10.1–27.5%, P < 0.001), LVIDd
decreased by 0.5 cm (IQR: 0.1–1.0 cm, P < 0.001),
LVIDs decreased by 0.8 cm (IQR: 0.3–1.6 cm, P < 0.001),
LVMI decreased by 17.5 g/m2 (IQR: 0.2–37.8 g/m2,
P < 0.001), LAVI decreased by 5.2 mL/m2 (IQR:
2.0–12.5 mL/m2, P < 0.001), and E/e0 ratio decreased by
2.3 (IQR: 0.7–6.1, P < 0.001) in patients with HFrecEF. For
HFtrecEF, only a reduction in LVIDs was observed at 2 years
associated with the transient improvement in LVEF. As
depicted in Figure 1, trajectories in echocardiographic param-
eters of remodelling were mostly absent or worsened over
time in persistent HFrEF and HFtrecEF cohorts, with similar
trends observed for the HFpEF cohort.

We next assessed dosages of RASi, MRA, and beta-blockers
at baseline and overtime. As shown in Figure 2, HFrecEF re-
ceived a higher %MRDD of RASi and MRA than patients with
persistent HFrEF or HFtrecEF. At 2 years, RASi MRDD was 74%
vs. 62% vs. 63% for HFrecEF, persistent HFrEF, and HFtrecEF,
respectively (P < 0.001), and MRA MRDD was 59% vs. 50%
vs. 49% (P < 0.001); the difference was further maintained
at 5 years. In contrast, up-titration of beta-blockers occurred
simultaneously and to a comparable extent across the co-
horts (Figure 2 and Supporting Information, Figure S6).

Predictors for left ventricular ejection fraction
trajectories

After adjusting for relevant clinical covariates, lower LVIDd,
LVIDs, and LAVI at baseline remained as independent predic-
tors for HF classifications (Table 2). Reduction in LVIDd, LVIDs,
LVMI, E/e0 ratio, and LAVI, concurrent with an increase in
RASi, MRA, but not beta-blocker %MRDD at both 2 and
5 years served as independent predictors for patients with
HFrecEF compared with persistent HFrEF. In contrast, only a
reduction in LVIDs at 2 years was characteristic of HFtrecEF
compared with persistent HFrEF, while changes or a lack of
change in other echocardiographic parameters of cardiac

remodelling and HF medication dosages were comparable
between the two cohorts.

Clinical and patient self-reported outcomes

During a median follow-up of 6.6 years (IQR: 3.6–9.0 years),
796 patients (73.1%) had an all-cause hospitalization or mor-
tality, 542 patients (49.8%) experienced CV hospitalization or
mortality, while 352 patients (32.3%) had HF hospitalization
or mortality. Overall, patients with HFrecEF experienced
significantly less events than patients with persistent HFrEF,
HFtrecEF and HFpEF (Figure 3A). Adjusted hazard ratios
for adverse events vs. persistent HFrEF were 0.46
(0.23–0.93), P = 0.03 for all-cause mortality alone, 0.59
(0.49–0.73), P < 0.01 for all-cause hospitalization, 0.47
(0.36–0.61), P < 0.001 for CV-related hospitalization and
0.50 (0.35–0.70), P < 0.001 for HF-related hospitalization or
mortality (Figure 3B). However, patients with only a transient
LVEF recovery in the HFtrecEF cohort experienced compara-
ble event rates as patients with persistent HFrEF throughout
the assessed outcomes (Figure 3B). Furthermore, reduction
in LVIDd and LVIDs at 2 and 5 years was associated with lower
risks for all three composite outcomes in the multivariable
analysis (Figure 4 and Supporting Information, Table S2).
While an increase in LVEF, and reduction in LVMI were inde-
pendent predictors of lower CV and HF hospitalization with
mortality at 2 years.

Patients in the HFrecEF cohort reported better QoL at the
end of study follow-up, with the highest KCCQ-12 scores (80,
IQR: 57–94), P = 0.02, whereas patients in persistent HFrEF
(75, IQR: 55–90), HFtrecEF (68, IQR: 51–86) and HFpEF (71,
IQR: 48–90) cohorts reported a much poorer QoL (Figure 3C).

Discussion

In our examination of longitudinal trajectories in echocardio-
graphic parameters for 1089 patients with HF, we found that
40% of those with HFrEF at baseline experienced a sustained
recovery in LVEF, while another 15% exhibited only a tran-
sient recovery in LVEF, with subsequent deterioration to LVEF
<40% (the HFtrecEF cohort). The distinguishing feature sepa-
rating HFrecEF with patients having persistent HFrEF or
HFtrecEF is the presence of cardiac reverse remodelling as
characterized by a progressive reduction in LVIDd, LVIDs,
LVMI, E/e0 ratio, and LAVI. Importantly, patients with
HFtrecEF did not manifest a reduction in LVIDd and LVMI, in-
dicative of ongoing injury and adverse LV remodelling, which
highlights the importance of assessing related cardiac param-
eters in addition to LVEF. Furthermore, our findings support
the utility of serial evaluations in delineating trajectories of
echocardiographic parameters associated with cardiac
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reverse remodelling in the prognostication and management
of patients with HFrEF.

We found that patients more likely to experience
sustained LVEF recovery are younger, more likely to be fe-
male and to have non-ischaemic aetiology, preserved renal
function, lower BNP levels with a greater presence of modifi-
able conditions such as atrial fibrillation, accompanied by an
overall lower burden of co-morbidities, which has been

shown in several other studies as well.2–5,21 However, the link
to cardiac reverse remodelling has not been established in
the HFrecEF population. Lupón et al. reported in 304
consecutive patients with HF, younger age (OR: 0.98, 95%
CI 0.96–1.00), non-ischaemic aetiology (OR: 5.13, 95% CI
3.07–8.57), and lower NT-proBNP levels (OR: 0.74, 95% CI
0.61–0.91) predicted reverse remodelling after 1 year in an
univariate analysis.22 Non-ischaemic aetiology (aOR: 4.70,

Figure 1 Long-term trajectories of echocardiographic parameters across heart failure cohorts including persistent HFrEF, HFrecEF, HFtrecEF, and
HFpEF depicted by loess curves with 95% confidence intervals. (A) LVEF, P < 0.001 for changes in trajectories amongst HF cohorts; (B) LVIDd,
P < 0.001; (C) LVMI, P < 0.001; (D) LVIDs, P < 0.001; (E) LAVI, P < 0.001; (F) E/e0 ratio, P = 0.003. HFrecEF is associated with a sustained increase
in LVEF over the 10 year period, accompanied by reduction in LVIDd, LVMI, LVIDs, LAVI, and E/e0 ratio which is most apparent within the first 2 years.

Figure 2 Long-term trajectories of maximum recommended daily dose expressed as percentages of guideline-based medical therapies for HFrEF
depicted by loess curves with 95% confidence intervals. (A) Renin-angiotensin system inhibitors (RASi), P = 0.001 for changes in trajectories amongst
HF cohorts; (B) Mineralocorticoid receptor antagonists (MRA); (C) beta-blockers.
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95% CI 1.87–11.93), baseline LVEF (aOR: 0.93, 95% CI 0.88–
0.97), HF duration (aOR: 0.82, 95% CI 0.69–0.98), absence
of left bundle branch block (aOR: 4.70, 95% CI 1.87–11.93),
and soluble ST2 levels (aOR: 0.69, 95% CI 0.50–0.94) were fur-
ther associated with reverse remodelling in the multivariate
analysis. Aimo et al. examined sex-based differences in 927
patients with HF reported 41% women and 27% men demon-
strated reverse remodelling defined as ≥15% reduction in
LVESV after 12 month, with female sex being an independent
predictor of reverse remodelling (aOR: 1.54, 95% CI 1.11–
2.14).23 Furthermore, presence of diabetes, chronic kidney
disease, and hypertension are associated with cardiac hyper-
trophy and increased risk for adverse cardiac remodelling.24

In accordance with the clinical characteristics, incidence of re-
verse remodelling was observed solely in the HFrecEF cohort,
with the greatest magnitude occurring within 2 years follow-
ing index echocardiogram. Reduction in LV dimensions, myo-
cardial hypertrophy based on LVMI, LAVI, and E/e0 ratio
served as independent predictors for the HFrecEF classifica-
tion, suggesting that evidence of reverse remodelling from
serial echocardiographic evaluations could serve as an

additional marker for prediction of patients with either tran-
sient or sustained recovery in LVEF.

RASi, MRA, and beta-blockers represent the cornerstone of
evidence-based guideline directed therapy for HFrEF.1 Pa-
tients with HFrecEF achieved greater %MRDD for RASi and
MRA during follow-up, while beta-blockers were up-titrated
to a similar extent amongst the HF subtypes. Kramer et al. re-
ported an improvement in LVEF accompanied by reductions
in LVEDV and LVESV following HF therapy in a meta-analysis
of randomized controlled trials, highlighting the pivotal role
of medical therapies on reverse remodelling.10 In the
TRED-HF trial, patients with recovered dilated cardiomyopa-
thy experienced adverse LV remodelling upon therapy with-
draw as characterized by increased LVMI, cell mass, and
reduced LV global longitudinal strain, even in those free from
progression in chamber dilation and systolic dysfunction.25 In
our study, a greater ability to further up-titrate RASi and MRA
during the clinical course is associated with LVEF recovery
and evidence of reverse remodelling in patients with
HFrecEF. Interestingly, predictors for the inability to achieve
recommended dosages differed between RASi and beta-

Table 2 Predictive value of echocardiographic parameters and % maximum recommended daily dose of heart failure medical therapy in
classification of patients as HFrecEF and HFtrecEF compared with persistent HFrEF

Parameter

Baseline 2 years 5 years

aOR (95% CI) P aOR (95% CI) p aOR (95% CI) P

LVEF (per 5% increase)
HFrecEF 0.96 (0.87–1.05) 0.39 2.11 (1.89–2.36) <0.001 1.88 (1.70–2.07) <0.001
HFtrecEF 0.91 (0.81–1.03) 0.15 1.76 (1.56–1.99) <0.001 1.37 (1.24–1.52) <0.001

LVIDd (per 1 mm decrease)
HFrecEF 1.49 (1.20–1.82) <0.001 2.22 (1.75–2.86) <0.001 2.22 (1.75–2.86) <0.001
HFtrecEF 1.54 (1.16–2.00) 0.002 1.16 (0.85–1.59) 0.34 1.05 (0.78–1.43) 0.71

LVIDs (per 1 mm decrease)
HFrecEF 1.35 (1.12–1.61) 0.001 2.44 (2.00–2.94) <0.001 2.70 (2.17–3.33) <0.001
HFtrecEF 1.45 (1.15–1.85) 0.002 1.33 (1.03–1.69) 0.03 1.23 (0.97–1.56) 0.08

LVMI (per 10 g/m2 decrease)
HFrecEF 1.01 (0.96–1.05) 0.82 1.15 (1.09–1.22) <0.001 1.16 (1.11–1.22) <0.001
HFtrecEF 1.11 (1.03–1.19) 0.004 1.01 (0.93–1.07) 0.86 0.98 (0.92–1.04) 0.54

E/e0 ratio (per 5 units decrease)
HFrecEF 1.10 (0.97–1.23) 0.13 1.15 (1.02–1.30) 0.02 1.23 (1.10–1.37) <0.001
HFtrecEF 1.27 (1.05–1.52) 0.01 0.88 (0.76–1.03) 0.12 0.96 (0.83–1.12) 0.64

LAVI (per 5 mL/m2 decrease)
HFrecEF 1.09 (1.03–1.16) 0.003 1.10 (1.03–1.16) 0.003 1.09 (1.02–1.15) 0.007
HFtrecEF 1.09 (1.00–1.16) 0.04 1.02 (0.94–1.10) 0.62 1.03 (0.96–1.11) 0.39

RASi %MRDD (per 5% increase)
HFrecEF 1.02 (1.00–1.05) 0.07 1.04 (1.01–1.07) 0.003 1.04 (1.01–1.07) 0.008
HFtrecEF 1.03 (1.00–1.06) 0.13 0.98 (0.95–1.02) 0.29 0.99 (0.96–1.02) 0.39

MRA %MRDD (per 5% increase)
HFrecEF 1.03 (0.98–1.08) 0.30 1.06 (1.01–1.11) 0.022 1.12 (1.06–1.19) <0.001
HFtrecEF 1.04 (0.98–1.10) 0.21 0.97 (0.90–1.04) 0.34 0.96 (0.89–1.04) 0.34

Beta-blocker %MRDD (per 5% increase)
HFrecEF 1.02 (0.99–1.05) 0.23 1.02 (0.99–1.06) 0.17 1.02 (0.99–1.05) 0.30
HFtrecEF 1.00 (0.96–1.04) 0.94 0.99 (0.95–1.03) 0.57 1.00 (0.96–1.03) 0.89

In the multivariate model, age, sex, heart failure (HF) aetiology, diabetes, atrial fibrillation, Charlson co-morbidity index, hospital frailty risk
scores, use of HF medications (RASi, MRA, beta-blockers), K+ levels and eGFR were included for adjustment.
aOR, adjusted odds ratio; CI, confidence interval; E, peak mitral inflow during passive filling in early diastole; e0, mitral annular velocity
during early diastole; HFrecEF, heart failure with recovered ejection fraction; HFtrecEF, heart failure with decompensated ejection fraction;
LAVI, left atrial volume index; LVEF, left ventricular ejection fraction; LVIDd, left ventricular internal diameter end diastole; LVIDs, left ven-
tricular internal diameter end systole; LVMI, left ventricular mass index; MRA, mineralocorticoid receptor antagonist; RASi,
renin-angiotensin system inhibitor.
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blockers in BIOSTAT-CHF: while women, those with lower
BMI and eGFR achieved lower doses of RASi, advanced age,
lower heart rate, and diastolic blood pressure were

predictors of under-dosing for beta-blockers.26

Beta-blockers appear to be better tolerated than RASi or
MRA,27 making it possible to achieve higher doses despite

Figure 3 Clinical outcomes and patient-reported quality of life according to heart failure (HF) classification. (A) Kaplan–Meier analysis of all-cause mor-
tality alone (log rank P = 0.09), all-cause (log rank P < 0.001), cardiovascular (log rank P < 0.001) and HF-related (log rank P < 0.001) hospitalization in
composition with mortality. (B) Multivariable Cox regression analysis of composite clinical outcomes adjusting for age, sex, HF aetiology, diabetes, atrial
fibrillation, Charlson co-morbidity index, hospital frailty risk scores, and the use of HF medications (RASi, MRA, beta-blockers). (C) Kansas City Cardio-
myopathy Questionnaire-12 score assessed at the end of study follow-up amongst HF cohorts. aHR, adjusted hazard ratio; CI, confidence interval.
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advanced age and multiple co-morbidities. In context, despite
adjusting for relevant demographic and clinical parameters,
changes in RASi and MRA %MRDD at 2 and 5 years (but not
beta-blockers) remained independent predictors for the
HFrecEF classification.

Prognosis of patients with HFrecEF was better than pa-
tients with persistent HFrEF. This agrees with previously pub-
lished studies.2–5 Patients with HFtrecEF, where only a
transient LVEF recovery followed by subsequent deteriora-
tions and lack of reverse remodelling was observed had com-
parable risks as patients with persistent HFrEF. We found the
dynamic changes in LV chamber dimensions (LVIDd and
LVIDs) after 2 and 5 years were predictors for all composite
outcomes. Moreover, changes in LVEF and LVMI at 2 years
demonstrated positive prognostic value for composite CV
and HF-related hospitalizations with mortality. Therefore, re-
covery of LVEF, restoration of LV dimensions, and reduction
in myocardial mass in combination contribute towards the
better prognosis associated with the HFrecEF cohort. How-
ever, the absence of non-reversible myocardial injuries from
lower prevalence of ischaemic heart diseases, influence of
age, sex, co-morbidity, and frailty burden, along with possible
genetic and lifestyle factors, should be considered in delineat-
ing the mechanisms leading towards favourable prognosis in
HFrecEF.

We are the first to report a greater health-related QoL in
patients with HFrecEF than other HF cohorts, even after ad-
justment for time-varying differences in follow-up duration.
Recent analysis of FAIR-HF trial reported the minimal clini-
cally important difference in KCCQ score varies between 0.7

to 4.9 points across the seven domains assessed.28 In our
study, patients with HFrecEF scored 5.2, 12.4, and 9.4 points
higher on the KCCQ-12 than patients with persistent HFrEF,
HFtrecEF, and HFpEF, respectively. In accordance, Joyce
et al. found patients with improvement in LVEF to ≥50% from
HFrEF reported higher overall QoL scores than patients with
persistent HFrEF and HFpEF, and these patients perceived al-
ternative medical or nonmedical factors as dominant contrib-
utors to their QoL rather than HF symptoms.29 Furthermore,
in the Alberta HEART cohort, both baseline and changes in
KCCQ scores over time were important predictors of
cardiovascular outcomes, with changes in LVEF serving as
an independent predictor of KCCQ score changes over
12 months.30 As KCCQ scores are not only associated with
HF-related hospitalization and mortality but is also increas-
ingly utilized as outcomes for clinical trials,31,32 our findings
of better QoL in patients with HFrecEF complement the ob-
servation of cardiac reverse remodelling and lower risk for
hospitalization and mortality in this patient cohort.

The current analysis is limited by its retrospective nature,
ascertainment bias (the timing of repeat echocardiograms
was at the discretion of the attending physician and not at
pre-specified intervals), and survivor bias. As such, serial
echocardiograms available for analyses may be influenced
by patients’ clinical status, which may introduce selection
biases especially between patients in the HFtrecEF and
HFrecEF cohorts, but also reflects routine clinical practice
and management of patients with HF utilizing echocardiogra-
phy as a non-invasive imaging modality. Furthermore, the de-
tailed time course behind recovery and subsequent

Figure 4 Association between temporal changes in LVEF, LVIDd, LVIDs, LVMI, E/e0 ratio, and LAVI with composite (A) all-cause hospitalization with
mortality, (B) cardiovascular hospitalization with mortality, (C) heart failure hospitalization with mortality in patients presenting as HFrEF on index
echocardiogram adjusted for age, sex, HF aetiology, diabetes, atrial fibrillation, Charlson co-morbidity index, hospital frailty risk scores, and the use
of HF medications (RASi, MRA, beta-blockers). CI, confidence interval.
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deteriorations cannot be accurately assessed due to time dif-
ferences between repeat echocardiograms in the present co-
hort. Additionally, as patients were recruited from a single
academic centre, the translatability of our findings may be
limited at the population level and subjected to confounding.
The present analysis is also limited in the detailed assess-
ments of LV remodelling being unable to distinguish between
eccentric and concentric LV hypertrophy derived from differ-
ent pathophysiology and co-morbid conditions reflected by
divergent clinical and biomarker phenotypes, which may
translate to variations in the reverse remodelling process
and survival benefits associated with up-titration of HF
medications.33 Moreover, despite showing recoveries in LVEF
and improvements in LV geometry, patients may still experi-
ence persistent subclinical impairment of systolic function
reflected through a reduction in global longitudinal strain
resulting in subsequent deteriorations in LVEF.34 Future
studies should also examine the relationship between cardiac
reverse remodelling with circulating biomarkers to offer
mechanistic and therapeutic insights into factors predictive
of the sustained LVEF recovery in patients with HFrecEF.

Conclusion

In patients initially presenting with HFrEF, their LVEF trajec-
tory remains dynamic over time with patients having a
sustained recovery in LVEF (HFrecEF) having the best 10 year
prognosis and QoL. Concurrent assessment of serial echocar-
diographic parameters associated with cardiac reverse re-
modelling and changes in patient reported QoL could play a
crucial role in prognostication and management of patients
with HFrEF.

Acknowledgements

We would like to acknowledge the patients, their families,
and caregivers for their willing participation in this study.
We are also grateful for the valuable work and support by
our multidisciplinary team at the HFC.

Conflict of interest

The authors have no relationships relevant to the contents of
this paper to disclose.

Funding

This work was supported by the University of Alberta Hospital
Foundation (UHF) and the Canadian Institute of Health
Research (CIHR). G.Y.O. is supported by a Tier II Canada
Research Char in Heart failure through the Government of
Canada (Ottawa, Ontario). F.A.M. is supported by an Alberta
Health Services Chair in Cardiovascular Outcomes Research.
Data analysis support was provided by the Data Platform of
the Alberta Strategy for Patient Oriented Research Support
Unit (ABSPORU), jointly funded by CIHR and Alberta Inno-
vates. K.W. is supported by a graduate studentship through
the ABSPORU.

Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Heart failure medications and the associated maxi-
mum recommended daily dose.
Table S2. Prognostic impacts of temporal changes in echocar-
diographic parameters.
Figure S1. Study flow chart.
Figure S2. LVEF trajectories in patients with midrange ejec-
tion fraction.
Figure S3. Distribution of the number of echocardiograms
available for analyses per year.
Figure S4. Distribution of the number of echocardiograms
available for analyses per patient.
Figure S5. Temporal changes in echocardiographic parame-
ters across heart failure cohorts presenting as HFrEF on index
echocardiogram.
Figure S6. Temporal changes in percentage maximum recom-
mended daily dose of heart failure medical therapies across
heart failure cohorts presenting as HFrEF on index
echocardiogram.

References

1. Ponikowski P, Voors AA, Anker SD,
Bueno H, Cleland JGF, Coats AJS, Falk
V, Gonzalez-Juanatey JR, Harjola VP,

Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske
B, Riley JP, Rosano GMC, Ruilope LM,

Ruschitzka F, Rutten FH, van der Meer
P, Group ESCSD. 2016 ESC Guidelines
for the diagnosis and treatment of acute

3116 K. Wang et al.

ESC Heart Failure 2021; 8: 3106–3118
DOI: 10.1002/ehf2.13417



and chronic heart failure: The Task
Force for the diagnosis and treatment
of acute and chronic heart failure of
the European Society of Cardiology
(ESC)Developed with the special contri-
bution of the Heart Failure Association
(HFA) of the ESC. Eur Heart J 2016;
37: 2129–2200.

2. Ghimire A, Fine N, Ezekowitz JA,
Howlett J, Youngson E, McAlister FA.
Frequency, predictors, and prognosis of
ejection fraction improvement in heart
failure: an echocardiogram-based regis-
try study. Eur Heart J 2019; 40:
2110–2117.

3. Kalogeropoulos AP, Fonarow GC,
Georgiopoulou V, Burkman G,
Siwamogsatham S, Patel A, Li S,
Papadimitriou L, Butler J. Characteris-
tics and outcomes of adult outpatients
with heart failure and improved or re-
covered ejection fraction. JAMA Cardiol
2016; 1: 510–518.

4. Lupon J, Diez-Lopez C, de Antonio M,
Domingo M, Zamora E, Moliner P,
Gonzalez B, Santesmases J, Troya MI,
Bayes-Genis A. Recovered heart failure
with reduced ejection fraction and out-
comes: a prospective study. Eur J Heart
Fail 2017; 19: 1615–1623.

5. Basuray A, French B, Ky B, Vorovich E,
Olt C, Sweitzer NK, Cappola TP, Fang
JC. Heart failure with recovered ejection
fraction: clinical description, bio-
markers, and outcomes. Circulation
2014; 129: 2380–2387.

6. Wilcox JE, Fang JC, Margulies KB, Mann
DL. Heart failure with recovered left
ventricular ejection fraction: JACC scien-
tific expert panel. J Am Coll Cardiol
2020; 76: 719–734.

7. Halliday BP, Wassall R, Lota AS,
Khalique Z, Gregson J, Newsome S,
Jackson R, Rahneva T, Wage R, Smith G,
Venneri L, Tayal U, Auger D, Midwinter
W, Whiffin N, Rajani R, Dungu JN,
Pantazis A, Cook SA, Ware JS, Baksi AJ,
Pennell DJ, Rosen SD, Cowie MR,
Cleland JGF, Prasad SK. Withdrawal of
pharmacological treatment for heart
failure in patients with recovered
dilated cardiomyopathy (TRED-HF): an
open-label, pilot, randomised trial.
Lancet 2019; 393: 61–73.

8. Foley PW, Chalil S, Khadjooi K, Irwin N,
Smith RE, Leyva F. Left ventricular re-
verse remodelling, long-term clinical
outcome, and mode of death after car-
diac resynchronization therapy. Eur J
Heart Fail 2011; 13: 43–51.

9. Januzzi JL Jr, Prescott MF, Butler J,
Felker GM, Maisel AS, McCague
K, Camacho A, Pina IL, Rocha RA,
Shah AM, Williamson KM, Solomon
SD, Investigators P-H. Association
of change in N-terminal pro-B-type na-
triuretic peptide following initiation
of sacubitril-valsartan treatment with
cardiac structure and function in
patients with heart failure with
reduced ejection fraction. JAMA 2019:
1–11.

10. Kramer DG, Trikalinos TA, Kent DM,
Antonopoulos GV, Konstam MA,
Udelson JE. Quantitative evaluation of
drug or device effects on ventricular re-
modeling as predictors of therapeutic ef-
fects on mortality in patients with heart
failure and reduced ejection fraction: a
meta-analytic approach. J Am Coll
Cardiol 2010; 56: 392–406.

11. Lupon J, Gavidia-Bovadilla G, Ferrer E,
de Antonio M, Perera-Lluna A, Lopez-
Ayerbe J, Domingo M, Nunez J, Zamora
E, Moliner P, Diaz-Ruata P, Santesmases
J, Bayes-Genis A. Dynamic trajectories of
left ventricular ejection fraction in heart
failure. J Am Coll Cardiol 2018; 72:
591–601.

12. Triposkiadis F, Butler J, Abboud FM,
Armstrong PW, Adamopoulos S,
Atherton JJ, Backs J, Bauersachs J,
Burkhoff D, Bonow RO, Chopra VK, de
Boer RA, de Windt L, Hamdani N,
Hasenfuss G, Heymans S, Hulot JS,
Konstam M, Lee RT, Linke WA, Lunde
IG, Lyon AR, Maack C, Mann DL,
Mebazaa A, Mentz RJ, Nihoyannopoulos
P, Papp Z, Parissis J, Pedrazzini T,
RosanoG, Rouleau J, Seferovic PM, Shah
AM, Starling RC, Tocchetti CG, Trochu
JN, Thum T, Zannad F, Brutsaert DL,
Segers VF, De Keulenaer GW. The con-
tinuous heart failure spectrum: moving
beyond an ejection fraction classifica-
tion. Eur Heart J 2019; 40: 2155–2163.

13. Van Kirk J, Fudim M, Green CL, Karra R.
Heterogeneous outcomes of heart fail-
ure with better ejection fraction. J
Cardiovasc Transl Res 2020; 13:
142–150.

14. Spertus JA, Jones PG. Development and
validation of a short version of the
Kansas City Cardiomyopathy Question-
naire. Circ Cardiovasc Qual Outcomes
2015; 8: 469–476.

15. Lang RM, Bierig M, Devereux RB,
Flachskampf FA, Foster E, Pellikka PA,
Picard MH, Roman MJ, Seward J,
Shanewise JS, Solomon SD, Spencer
KT, Sutton MS, Stewart WJ, Chamber
Quantification Writing G, American
Society of Echocardiography’s G,
Standards C, European Association of
E. Recommendations for chamber quan-
tification: a report from the American
Society of Echocardiography’s Guide-
lines and Standards Committee and the
Chamber Quantification Writing Group.
developed in conjunction with the
European Association of Echocardiogra-
phy, a branch of the European Society
of Cardiology. J Am Soc Echocardiogr
2005; 18: 1440–1463.

16. Wang K, Basu R, Poglitsch M, Bakal JA,
Oudit GY. Elevated angiotensin 1-7/an-
giotensin II ratio predicts favorable out-
comes in patients with heart failure.
Circ Heart Fail 2020; 13: e006939.

17. Quan H, Li B, Saunders LD, Parsons GA,
Nilsson CI, Alibhai A, Ghali WA, Investi-
gators I. Assessing validity of ICD-9-CM
and ICD-10 administrative data in re-
cording clinical conditions in a unique

dually coded database. Health Serv Res
2008; 43: 1424–1441.

18. Ye M, Vena JE, Johnson JA, Xu JY,
Eurich DT. Validation of drug prescrip-
tion records for senior patients in
Alberta’s Tomorrow Project: assessing
agreement between two population-
level administrative pharmaceutical
databases in Alberta, Canada.
Pharmacoepidemiol Drug Saf 2019; 28:
1417–1421.

19. Branca L, Sbolli M, Metra M, Fudim M.
Heart failure with mid-range ejection
fraction: pro and cons of the new classi-
fication of heart failure by European So-
ciety of Cardiology guidelines. ESC Heart
Fail 2020; 7: 381–399.

20. van Buuren S, Groothuis-Oudshoorn K.
MICE: multivariate imputation by
chained equations in R. J Stat Softw
2011; 45: 1–67.

21. Savarese G, Vedin O, D’Amario D, Uijl A,
Dahlstrom U, Rosano G, Lam CSP, Lund
LH. Prevalence and prognostic implica-
tions of longitudinal ejection fraction
change in heart failure. JACC Heart Fail
2019; 7: 306–317.

22. Lupon J, Gaggin HK, de Antonio M,
Domingo M, Galan A, Zamora E, Vila J,
Penafiel J, Urrutia A, Ferrer E,
Vallejo N, Januzzi JL, Bayes-Genis A.
Biomarker-assist score for reverse re-
modeling prediction in heart failure:
the ST2-R2 score. Int J Cardiol 2015;
184: 337–343.

23. Aimo A, Vergaro G, Castiglione V,
Barison A, Pasanisi E, Petersen C,
Chubuchny V, Giannoni A, Poletti R,
Maffei S, Januzzi JL Jr, Passino C, Emdin
M. Effect of sex on reverse remodeling in
chronic systolic heart failure. JACC
Heart Fail 2017; 5: 735–742.

24. Gjesdal O, Bluemke DA, Lima JA.
Cardiac remodeling at the population
level—risk factors, screening, and out-
comes. Nat Rev Cardiol 2011; 8:
673–685.

25. Halliday BP, Owen R, Gregson J,
Vassiliou VS, Chen X, Wage R, Lota AS,
Khalique Z, Tayal U, Hammersley DJ,
Jones RE, Baksi AJ, Cowie MR, Cleland
JGF, Pennell DJ, Prasad SK. Myocardial
remodelling after withdrawing therapy
for heart failure in patients with
recovered dilated cardiomyopathy: in-
sights from TRED-HF. Eur J Heart Fail
2020.

26. Ouwerkerk W, Voors AA, Anker SD,
Cleland JG, Dickstein K, Filippatos G,
van der Harst P, Hillege HL, Lang CC,
Ter Maaten JM, Ng LL, Ponikowski P,
Samani NJ, van Veldhuisen DJ, Zannad
F, Metra M, Zwinderman AH. Determi-
nants and clinical outcome of uptitration
of ACE-inhibitors and beta-blockers in
patients with heart failure: a prospective
European study. Eur Heart J 2017; 38:
1883–1890.

27. Marti CN, Fonarow GC, Anker SD, Yancy
C, Vaduganathan M, Greene SJ, Ahmed
A, Januzzi JL, Gheorghiade M, Filippatos
G, Butler J. Medication dosing for

Reverse remodelling and health status in heart failure 3117

ESC Heart Failure 2021; 8: 3106–3118
DOI: 10.1002/ehf2.13417



heart failure with reduced ejection frac-
tion—opportunities and challenges. Eur
J Heart Fail 2019; 21: 286–296.

28. Butler J, KhanMS, Mori C, Filippatos GS,
Ponikowski P, Comin-Colet J, Roubert B,
Spertus JA, Anker SD. Minimal clinically
important difference in quality of life
scores for patients with heart failure
and reduced ejection fraction. Eur J
Heart Fail 2020; 22: 999–1005.

29. Joyce E, Chung C, Badloe S, Odutayo K,
Desai A, Givertz MM, Nohria A,
Lakdawala NK, Stewart GC, Young M,
Weintraub J, Stevenson LW, Lewis EF.
Variable contribution of heart failure to
quality of life in ambulatory heart fail-
ure with reduced, better, or preserved
ejection fraction. JACC Heart Fail 2016;
4: 184–193.

30. Sepehrvand N, Savu A, Spertus JA, Dyck
JRB, Anderson T, Howlett J, Paterson I,

Oudit GY, Kaul P, McAlister FA,
Ezekowitz JA, Alberta HI. Change of
health-related quality of life over
time and its association with patient
outcomes in patients with heart
failure. J Am Heart Assoc 2020; 9:
e017278.

31. Pokharel Y, Khariton Y, Tang Y, Nassif
ME, Chan PS, Arnold SV, Jones PG,
Spertus JA. Association of Serial Kansas
City Cardiomyopathy Questionnaire As-
sessments with death and hospitaliza-
tion in patients with heart failure with
preserved and reduced ejection fraction:
a secondary analysis of 2 randomized
clinical trials. JAMA Cardiol 2017; 2:
1315–1321.

32. Spertus JA, Jones PG, Sandhu AT,
Arnold SV. Interpreting the Kansas City
Cardiomyopathy Questionnaire in
clinical trials and clinical care: JACC

state-of-the-art review. J Am Coll Cardiol
2020; 76: 2379–2390.

33. Nauta JF, Hummel YM, Tromp J,
Ouwerkerk W, van der Meer P, Jin X,
Lam CSP, Bax JJ, Metra M, Samani NJ,
Ponikowski P, Dickstein K, Anker SD,
Lang CC, Ng LL, Zannad F, Filippatos
GS, van Veldhuisen DJ, van Melle JP,
Voors AA. Concentric vs. eccentric re-
modelling in heart failure with reduced
ejection fraction: clinical characteristics,
pathophysiology and response to treat-
ment. Eur J Heart Fail 2020; 22:
1147–1155.

34. Adamo L, Perry A, Novak E, Makan M,
Lindman BR, Mann DL. Abnormal global
longitudinal strain predicts future dete-
rioration of left ventricular function in
heart failure patients with a recovered
left ventricular ejection fraction. Circ
Heart Fail 2017; 10: e003788.

3118 K. Wang et al.

ESC Heart Failure 2021; 8: 3106–3118
DOI: 10.1002/ehf2.13417


