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Abstract

Aims There is an emerging interest in elucidating the natural history and prognosis for patients with heart failure with
reduced ejection fraction (HFrEF) in whom left ventricular ejection fraction (LVEF) subsequently improves. The characteristics
and outcomes were compared between heart failure with recovered ejection fraction (HFrecEF) and persistent HFrEF.
Methods and results This is a retrospective study of adults who underwent at least two echocardiograms 3 months apart
between 1 November 2015 and 31 October 2019 with an initial diagnosis of HFrEF. The subjects were divided into HFrecEF
group (second LVEF > 40%, ≥10% absolute improvement in LVEF) and persistent HFrEF group (<10% absolute
improvement in LVEF) according to the second LVEF. To further study the characteristics of HFrecEF patients, the cohort
was further divided into LVEF improvement of 10–20% and >20% subgroups. The primary outcomes were all-cause mortality
and rehospitalization. A total of 1160 HFrEF patients were included [70.2% male, mean (standard deviation) age: 62 ± 13 years].
On the second echocardiogram, 284 patients (24.5%) showed HFrecEF and 876 patients (75.5%) showed persistent HFrEF.
All-cause mortality was identified in 23 (8.10%) HFrecEF and 165 (18.84%) persistent HFrEF, whilst 76 (26.76%) and 426
(48.63%) showed rehospitalizations, respectively. Survival analysis showed that the persistent HFrEF subgroup experienced
a significantly higher mortality at 12 and 24 months and a higher hospitalization at 12, 24, 48, and more than 48 months
following discharge. Multivariate Cox regression showed that persistent HFrEF had a higher risk of all-cause mortality [hazard
ratio (HR) 2.30, 95% confidence interval (CI) 1.49–3.56, P = 0.000] and rehospitalization (HR 1.85, 95% CI 1.45–2.36, P = 0.000)
than the HFrecEF group. Subgroup analysis showed that the LVEF ≥ 20% improvement subgroup had lower rates of adverse
outcomes compared with those with less improvement of 10–20%.
Conclusions Heart failure with recovered ejection fraction is a distinct HF phenotype with better clinical outcomes compared
with those with persistent HFrEF. HFrecEF patients have a relatively better short-term mortality at 24 months but not
thereafter.

Keywords Heart failure; Prognosis; Echocardiography; Left ventricular ejection fraction

Received: 3 February 2021; Revised: 16 August 2021; Accepted: 11 September 2021
*Correspondence to: Ying Liu and Gary Tse, Department of Cardiology, First Affiliated Hospital of Dalian Medical University, 193 United Road, Dalian, Liaoning Province
116021, China. Tel: +18098875801. Email: yingliu.med@gmail.com; garytse86@gmail.com

Introduction

The left ventricular ejection fraction (LVEF) is the most
assessed parameter used for risk stratification and determi-
nation of treatment options. However, it is not static and
can change dynamically, worsening with disease progression
or improving with appropriate heart failure (HF) treatment
or correction of the underlying pathology.1,2 The latest expert
consensus recommended the diagnostic criteria for heart

failure with recovered ejection fraction (HFrecEF)1: (i) docu-
mentation of an LVEF < 40% at baseline; (ii) ≥10% absolute
improvement in LVEF; and (iii) a second measurement of
LVEF > 40%. To identify HFrecEF, LVEF must be reassessed
at least 3 to 6 months after the baseline measurement. This
timeframe is proposed to avoid shorter-term changes due
to alterations in heart rate or myocardial load.1,3 However,
even for those with HFrecEF, LVEF can be affected by differ-
ent variables, such as the nature and degree of myocardial
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injury, left ventricular remodelling, and type of pharmacolog-
ical or intervention therapy.4 Recovery of ejection fraction
does not indicate freedom from HF indefinitely, and medical
and device treatment with cardiac rehabilitation should
continue.1,5

The clinical course between HFrecEF and persistent heart
failure with reduced ejection fraction (HFrEF) may differ, yet
few studies have specifically examined such differences3,6

even though there is some evidence of better prognosis in
the HFrecEF cohort.6 Consequently, in this study, we investi-
gated the clinical characteristics, as well as short-term and
long-term prognosis in HFrecEF and persistent HFrEF.

Methods

Study population

This study was approved by the Institutional Review Board of
the First Affiliated Hospital of Dalian Medical University. The
requirement of informed consent was waived owing to the
retrospective and observational nature of the study. The
medical records of adult patients (age ≥ 18 years) who
underwent echocardiography between 1 November 2015
and 31 October 2019 at the First Affiliated Hospital of Dalian
Medical University were obtained. The inclusion criteria were
baseline LVEF < 40%. The exclusion criteria were patients
with fewer than two echocardiograms available for compari-
son, or an absence of two echocardiograms at least 3 months
apart. Echocardiography was performed when patients had
treated HF in stable conditions before discharge by experi-
enced cardiologists. Other parameters such as clinical charac-
teristics, comorbidities, drug therapy, laboratory values, and
echocardiography findings of the subjects were collected
and recorded from Yidu Cloud. Yidu Cloud is one of the larg-
est databases in China, being derived from nearly 100 hospi-
tals. It integrates data from both ambulatory and inpatient
settings and covers diagnosis and procedure codes, labora-
tory results, clinical observations, and medications. No per-
sonally identifiable data were included in the database
extracted for this study.

Classification of heart failure cases

Patients were divided into (i) HFrecEF, which was defined as
current LVEF > 40% but any previously documented
LVEF < 40%, ≥10% absolute improvement in LVEF, and (ii)
persistent HFrEF, which was defined as previous LVEF < 40%,
<10% absolute improvement in LVEF. HFrecEF patients were
further divided into LVEF improvement of 10–20% and >20%
subgroups. If three or more echocardiograms were available,
the one after the 3 month time interval was used for classifi-
cation of LVEF improvement.

Endpoints

Clinical events were ascertained using information in the Yidu
Cloud and were based on review of the primary diagnoses
documented on each discharge summary during the
follow-up period. The events included in this analysis were
all-cause death and all-cause rehospitalization.

Statistical analysis

Statistical analysis was performed using SPSS Statistical Soft-
ware, Version 22.0 (SPSS Inc, Chicago, IL, USA). Characteristics
were summarized with continuous variables expressed as
means ± standard deviation and categorical variables pre-
sented as frequencies and percentages. Measurement data
with a non-normal distribution were expressed as the median
[interquartile range (IQR)]. The Kruskal–Wallis test was used
for multi-group comparisons. Characteristics were compared
across HF groups using analysis of variance or χ2 tests, as ap-
propriate. Kaplan–Meier analysis was used to describe the
cumulative incidence of adverse events, and the log-rank test
was used to compare differences. Univariate and multivariate
Cox proportional hazards regression models were performed
to explore the association between risk factors and end-
points. Variables selected for multivariate Cox analysis in-
cluded those with P < 0.05 in univariate analysis, or those
that have previously been shown to be important in deter-
mining prognosis. All values were two-tailed, and a P
value < 0.05 was considered statistically significant.

Results

Demographic and clinical characteristics

A total of 2358 patients received a diagnosis of HFrEF at our
institution between 1 November 2015 and 31 October 2019
with 1198 patients excluded due to the lack of a second echo-
cardiogram separated by >3 months apart for comparison
(Figure 1). The remaining 1160 patients were included as
the study cohort. Of these, 814 (70.2%) were male, and the
mean (standard deviation) age was 62 ± 13 years. A total of
284 patients (24.5%) showed HFrecEF, and 876 patients
(75.5%) represented persistent HFrEF. Their baseline charac-
teristics are listed in Table 1. Overall, patients with HFrecEF
(i) were younger, had higher systolic and diastolic blood pres-
sure, and had faster heart rate; (ii) more likely to suffer from
hypertension but less likely to have coronary artery disease,
diabetes mellitus, or cerebrovascular disease; (iii) were more
likely to be on guideline-directed medical therapy for their
diagnosis, including angiotensin-converting enzyme inhibitor
(ACEI)/angiotensin receptor blocker (ARB) and beta-blocker,
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but there is no statistical difference, less likely to be dis-
pensed medications including aspirin, spironolactone, loop
diuretics, nitrates, and statins; (iv) were more likely to receive
a pacemaker, less likely to have other device therapy [0.70%
had implantable cardioverter-defibrillator (ICD); 2.11% had
cardiac resynchronization therapy (CRT)]; (v) had lower level
of BNP and higher level of haemoglobin, but haemoglobin
did not show statistical differences between the two groups;
and (vi) showed higher right ventricular diameter, interven-
tricular septal thickness, and lower left ventricular diameter.

Clinical outcomes

Over a median follow-up of 36 months (IQR: 21–48 months),
188 patients died (HFrecEF: n = 23, 8.10%; persistent HFrEF:
n = 165, 18.84%) and 502 patients were rehospitalized
(HFrecEF: n = 76, 26.76%; persistent HFrEF: n = 426,
48.63%). The Kaplan–Meier survival curves for all-cause mor-
tality and all-cause rehospitalization are shown in the top and
bottom panels of Figures 2 and 3, respectively (significant dif-
ferences by the log-rank test: P = 0.0001). The mortality rate
significantly differed at 12 and 24 months but not at later
time points after discharge. However, for rehospitalization,
significant differences were observed at 12, 24, and
48 months after discharge.

Multivariate Cox regression analysis showed that age
[hazard ratio (HR) 1.026, 95% confidence interval (CI)
1.013–1.040, P < 0.000], creatinine (HR 1.002, 95% CI
1.001–1.003, P = 0.001), and glucose (HR 1.058, 95% CI
1.002–1.117, P = 0.043) were significant predictors of higher
all-cause mortality (Table 2). The following protective factors
were identified: systolic blood pressure (HR 0.973, 95% CI
0.967–0.979, P < 0.000), New York Heart Association class
III to IV (HR 0.618, 95% CI 0.411–0.929, P = 0.021), use of
ACEI/ARB (HR 0.677, 95% CI 0.478–0.959, P = 0.028), and
haemoglobin (HR 0.990, 95% CI 0.982–0.997, P = 0.005). In
addition, the persistent HFrEF group had at least a two-fold
increased risk of all-cause mortality compared with the
HFrecEF group both before (HR 2.304, 95% CI 1.489–3.564,
P < 0.000) and after multivariable adjustment (HR 1.973,
95% CI 1.206–3.226, P = 0.007).

Multivariate Cox regression analysis found age (HR 1.009,
95% CI 1.002–1.017, P = 0.018), creatinine (HR 1.002, 95%
CI 1.001–1.003, P = 0.000), uric acid (HR 1.001, 95% CI
1.000–1.001, P = 0.005), and glucose levels (HR 1.047, 95%
CI 1.009–1.086, P = 0.015) as significant predictors of higher
readmission risk (Table 3). The identified protective factors
were as follows: use of CRT (HR 0.556, 95% CI 0.318–0.972,
P = 0.040), ACEI/ARB (HR 0.635, 95% CI 0.506–0.797,
P = 0.000), spironolactone (HR 0.603, 95% CI 0.491–0.741,
P = 0.000), systolic blood pressure (HR 0.995, 95% CI 0.992–

Figure 1 Flow diagram of patient identification, exclusion, and classification. HFrecEF, heart failure with recovered ejection fraction; HFrEF, heart fail-
ure with reduced ejection fraction; LVEF, left ventricular ejection fraction.
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0.999, P = 0.015), haemoglobin (HR 0.989, 95% CI 0.985–
0.994, P = 0.000), and serum sodium (HR 0.958, 95% CI
0.933–0.983, P = 0.001). As with all-cause mortality, the per-
sistent HFrEF group experienced an approximately two-fold
increase in the risk of all-cause rehospitalization than HFrecEF
group both before (HR 1.852, 95% CI 1.451–2.364, P = 0.000)
and after multivariable adjustment (HR 1.740, 95% CI 1.336–
2.267, P = 0.000).

Further, exploratory analysis based on the improvement in
LVEF was performed for the HFrecEF patients. Kaplan–Meier
survival analysis showed that all-cause mortality and all-cause

hospitalization were lower in the LVEF ≥ 20% improvement
subgroup compared with the 10–20% improvement subgroup
(Figure 4).

Discussion

The major findings of this study are that the characteristics
and clinical course of patients with HFrecEF and persistent
HFrEF were different. Reverse left ventricular remodelling

Table 1 Baseline demographics and clinical characteristics of patients at the time of first echocardiogram

Characteristics All patients HFrecEF Persistent HFrEF P value

Number of patients 1160 284 876
Age (years), mean (SD) 61.99 ± 13.29 59.37 ± 15.14 62.84 ± 12.52 0.0001
Male 814 (70.17%) 209 (73.59%) 559 (69.06%) 0.1473
Blood pressure (mmHg), mean (SD)

Systolic 132.9 ± 23.02 137.2 ± 23.60 131.5 ± 22.67 0.0003
Diastolic 80.89 ± 14.55 83.50 ± 16.52 80.04 ± 13.75 0.0005

Heart rate (b.p.m.) 87.24 ± 22.50 92.65 ± 24.75 85.50 ± 21.46 <0.0001
NYHA class III to IV 277 (23.88%) 71 (25.00%) 206 (23.52%) 0.6102
History, no. (%)

Coronary artery disease 478 (41.21%) 86 (30.28%) 382 (43.61%) <0.0001
Atrial fibrillation 309 (26.64%) 82 (28.87%) 227 (25.91%) 0.3268
Cancer 55 (4.74%) 16 (5.63%) 39 (4.45%) 0.4155
Cerebrovascular disease 141 (12.16%) 25 (8.80%) 116 (13.24%) 0.0466
Diabetes mellitus 387 (33.36%) 77 (27.11%) 310 (35.39%) 0.0102
Hypertension 718 (61.90%) 196 (69.01%) 522 (59.59%) 0.0045

Therapy, no. (%)
ACEI/ARB 882 (76.03%) 233 (82.04%) 671 (76.60%) 0.0545
Aspirin 502 (43.28%) 87 (30.63%) 415 (47.37%) <0.0001
Beta-blockers 1091 (94.05%) 273 (96.13%) 830 (94.75%) 0.3505
Digoxin 320 (27.59%) 80 (28.17%) 240 (27.40%) 0.8004
Loop diuretics 519 (44.74%) 92 (32.39%) 387 (48.74%) <0.0001
Nitrates 397 (34.22%) 64 (22.54%) 333 (38.01%) <0.0001
Spironolactone 761 (65.60%) 160 (56.34%) 626 (71.46%) <0.0001
Statins 625 (53.88%) 115 (40.49%) 510 (58.22%) <0.0001
Warfarin 349 (30.09%) 92 (32.39%) 225 (29.34%) 0.3291
Pacemaker 59 (5.09%) 21 (7.45%) 38 (4.34%) 0.0389
ICD 21 (1.81%) 2 (0.70%) 19 (2.17%) 0.1076
CRT 51 (4.40%) 6 (2.11%) 45 (5.14%) 0.0307

Laboratory values, median (IQR)
White blood cell, ×109/L 7.596 ± 3.099 7.601 ± 3.328 7.595 ± 3.023 0.9760
Haemoglobin level, g/L 138.9 ± 19.40 140.3 ± 20.95 138.4 ± 18.86 0.1404
Platelet count, ×109/L 204.8 ± 66.81 210.7 ± 80.64 202.9 ± 61.58 0.0863
Cr, μmol/L 92.45 ± 66.13 90.26 ± 52.15 93.13 ± 69.92 0.5548
UA, μmol/L 460.0 ± 160.9 456.4 ± 148.8 461.1 ± 164.5 0.6935
Na+, μmol/L 141.7 ± 3.370 141.8 ± 3.283 141.7 ± 3.399 0.6981
Glu, μmol/L 6.253 ± 2.520 5.986 ± 2.220 6.336 ± 2.602 0.0586
Dimer, μmol/L 530.0 (250.0, 1183) 480.0 (250.0, 1130) 540.0 (250.0, 1220) 0.1452
BNP level, ng/L 637.4 (270.0, 1425) 428.6 (176.6, 1042) 675.9 (278.8, 1442) 0.1461

Echocardiography findings,
median (IQR), no. (%)

Left ventricular diameter, mm 60.75 ± 8.413 58.70 ± 8.130 61.40 ± 8.402 <0.0001
Left atrial diameter, mm 44.72 ± 6.380 45.20 ± 6.649 44.57 ± 6.289 0.1656
Interventricular septal thickness, mm 10.28 ± 1.943 10.72 ± 1.723 10.14 ± 1.988 <0.0001
E/e0 15.07 ± 6.366 14.26 ± 6.791 15.32 ± 6.219 0.0625
Right ventricular diameter, mm 19.09 ± 3.138 19.53 ± 3.701 18.94 ± 2.921 0.0074
Pulmonary artery diameter, mm 23.88 ± 2.872 24.05 ± 2.991 23.83 ± 2.833 0.2640
Mitral regurgitation 696 (60.00%) 173 (60.92%) 523 (59.70%) 0.7280

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B-type natriuretic peptide; Cr, creatinine; CRT,
cardiac resynchronization therapy; E/e0, mitral Doppler early velocity/mitral annular early velocity; Glu, glucose; HFrecEF, heart failure with
recovered ejection fraction; HFrEF, heart failure with reduced ejection fraction; ICD, implantable cardioverter-defibrillator; IQR, interquar-
tile range; NYHA, New York Heart Association; SD, standard deviation; UA, uric acid.
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and recovery of LVEF are associated with improved clinical
outcomes in patients with HFrEF. Compared with persistent
HFrEF patients, HFrecEF patients have a relatively better
prognosis in the short term, but not in the long term. The
higher risk of adverse outcomes experienced by patients in

the persistent HFrEF group emphasizes the need for careful
follow-up of this group and for therapeutic strategies that im-
prove outcomes in this population.

Classification of HF into those with reduced, midrange, and
preserved ejection fraction is important,7 and risk

Figure 2 Kaplan–Meier curves for all-cause mortality between the two groups at 12, 24, 36, 48, and more than 48 months. HFrecEF, heart failure with
recovered ejection fraction; HFrEF, heart failure with reduced ejection fraction.

Figure 3 Kaplan–Meier curves for all-cause rehospitalization between the two groups at 12, 24, 36, 48, and more than 48 months. HFrecEF, heart
failure with recovered ejection fraction; HFrEF, heart failure with reduced ejection fraction.
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stratification strategies depend partly on the behaviour of
LVEF8,9 and require a multi-parametric approach.10–13 LVEF
may recover, remain stable, or decline owing to a complex in-
teraction between comorbidities, frailty status,14–19 medical
or device treatment,20 and disease progression. Our results
are consistent with the results of other studies; compared
with persistent HFrEF, subjects with HFrecEF are younger,
with a higher prevalence of hypertension, lower prevalence
of coronary artery disease, cerebrovascular disease, and dia-
betes mellitus,3,21 and had higher interventricular septal
thickness, lower left ventricular diameter, and a better

biomarker indicator. Regarding the risk factors associated
with death, age, creatinine, and glucose were found to signif-
icantly increase the risk of death. The results of echocardiog-
raphy findings and history of hypertension show that most
patients with HFrecEF are those with hypertensive HF; early
intervention on patients with HFrecEF can reverse ventricular
remodelling, so they have a better prognosis. This relatively
low prevalence of coronary artery disease also might have in-
fluenced outcomes, as a history of coronary artery disease
has been associated with a higher risk of mortality. For exam-
ple, in the large Improve Heart Failure Therapies in the

Table 2 Cox proportional hazard regression for all-cause mortality

Characteristics

Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age 1.031 1.019–1.044 0.000 1.026 1.013–1.040 0.000
Male 0.813 0.600–1.102 0.183 0.980 0.677–1.420 0.916
Blood pressure, systolic 0.974 0.968–0.980 0.000 0.973 0.967–0.979 0.000
Blood pressure, diastolic 0.987 0.977–0.997 0.013 0.991 0.980–1.002 0.120
Coronary artery disease 1.420 1.067–1.890 0.016 1.087 0.789–1.497 0.609
Cerebrovascular disease 1.729 1.198–2.497 0.003 1.393 0.932–2.081 0.106
NYHA class III to IV 0.657 0.451–0.957 0.029 0.618 0.411–0.929 0.021
Beta-blockers 0.590 0.342–1.017 0.057 0.806 0.438–1.484 0.489
ACEI/ARB 0.595 0.432–0.820 0.002 0.677 0.478–0.959 0.028
Haemoglobin 0.987 0.980–0.993 0.000 0.990 0.982–0.997 0.005
BNP 1.000 1.000–1.000 0.001 1.000 1.000–1.000 0.085
Cr 1.002 1.001–1.003 0.000 1.002 1.001–1.004 0.001
Glu 1.060 1.007–1.116 0.026 1.058 1.002–1.117 0.043
Groups

Persistent HFrEF vs. HFrecEF 2.304 1.489–3.564 0.000 1.973 1.206–3.226 0.007

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B-type natriuretic peptide; CI, confidence inter-
val; Cr, creatinine; Glu, glucose; HFrecEF, heart failure with recovered ejection fraction; HFrEF, heart failure with reduced ejection fraction;
HR, hazard ratio; NYHA, New York Heart Association.

Table 3 Cox proportional hazard regression for all-cause rehospitalization

Characteristics

Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age 1.013 1.006–1.020 0.000 1.009 1.002–1.017 0.018
Male 0.815 0.675–0.984 0.033 0.851 0.679–1.067 0.162
Coronary artery disease 1.293 1.085–1.541 0.004 1.113 0.914–1.356 0.286
Diabetes mellitus 1.247 1.042–1.493 0.016 0.981 0.789–1.221 0.866
Cerebrovascular disease 1.379 1.081–1.757 0.010 1.159 0.891–1.507 0.273
CRT 0.527 0.315–0.882 0.015 0.556 0.318–0.972 0.040
Beta-blockers 0.684 0.473–0.989 0.044 0.970 0.649–1.451 0.883
ACEI/ARB 0.545 0.444–0.668 0.000 0.635 0.506–0.797 0.000
Spironolactone 0.598 0.499–0.718 0.000 0.603 0.491–0.741 0.000
Loop diuretics 0.752 0.629–0.898 0.002 1.096 0.869–1.382 0.437
Blood pressure, systolic 0.993 0.990–0.996 0.000 0.995 0.992–0.999 0.015
Haemoglobin 0.988 0.983–0.992 0.000 0.989 0.985–0.994 0.000
BNP 1.000 1.000–1.000 0.016 1.000 1.000–1.000 0.585
Cr 1.002 1.002–1.003 0.000 1.002 1.001–1.003 0.000
UA 1.001 1.000–1.001 0.030 1.001 1.000–1.001 0.005
Na+ 0.957 0.933–0.980 0.000 0.958 0.933–0.983 0.001
Glu 1.044 1.009–1.081 0.015 1.047 1.009–1.086 0.015
Groups

Persistent HFrEF vs. HFrecEF 1.852 1.451–2.364 0.000 1.740 1.336–2.267 0.000

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BNP, B-type natriuretic peptide; CI, confidence inter-
val; Cr, creatinine; CRT, cardiac resynchronization therapy; Glu, glucose; HFrecEF, heart failure with recovered ejection fraction; HFrEF,
heart failure with reduced ejection fraction; HR, hazard ratio; UA, uric acid.
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Outpatient Setting (IMPROVE HF) registry, patients without
prior myocardial infarction and non-ischaemic HF aetiology
were both associated with a greater than 10% improvement
in LVEF.22 Although the short-term prognosis for HFrecEF is
favourable, more studies are needed to determine the
longer-term prognosis. Kalogeropoulos et al. also reported
that age-adjusted and sex-adjusted mortality was lower in
HFrecEF patients (4.8%) than in HF with preserved ejection
fraction (13.2%) or persistent HFrEF (16.3%) at 3 years of fol-
low-up.21 Basuray et al. reported that, by 8 years, nearly 20%
of patients with HFrecEF had died or required heart trans-
plantation or the use of a ventricular assist device.6 Lupón
et al. recently reported that the greatest changes in LVEF
were seen in the first year after initial diagnosis but 10–
15 years after the diagnosis that LVEF exhibited an inverted
U shape with declines in LVEF again in those who initially
improved.23 The substantial differences in the number of pa-
tients who had died or were rehospitalized during the period
of observation in the persistent HFrEF group underscore their
high risk of future events. Notwithstanding the differences
between these groups, the combination of these data sug-
gests that patients with HFrecEF should be distinguished from
those with persistent HFrEF. Moreover, to further explore the
characteristics of HFrecEF patients, we conducted a subgroup
analysis of patients in the HFrecEF group and found that
those with LVEF improvement of more than 20% had better
outcomes than those with LVEF improvement of 10–20%.

In contrast to other reports,6 due to the traditional HF
therapies, we found that the use of ACEI/ARB and beta-
blockers was relatively high in the HFrecEF group, agents
known to improve LVEF and survival in HFrecEF, but no signif-
icant statistical differences across the two groups were ob-
served. During the follow-up period, it is possible that the
more favourable outcomes in the HFrecEF group may be ex-
plained by the higher proportion of guideline-directed medi-
cal therapy in this group. Use of beta-blockers, medications
targeting the renin–angiotensin–aldosterone axis, and pace-
maker therapy led to improvement in LVEF in a considerable
number of patients with HFrEF.22,24 The latest study shows a
performance improvement programme aimed at improving

the use of guideline-directed medical therapy for HF outpa-
tients, the mean LVEF among approximately 4000 patients in-
creased from 25.8% at baseline to 32.3% at 24 months, and
28.6% of patients had a greater than 10% LVEF
improvement.22

Although the prognosis of patients with HFrecEF has im-
proved, they still have the risk of death and hospitalization.
Patients with HFrecEF are not truly cured from their HF.6,21

Based on clinical practice experience for patients with
HFrecEF, experts have proposed the following assessment,
surveillance, and treatment plans: (i) clinical examination, as-
sessment of symptoms, and electrocardiogram25,26; (ii) iden-
tification of family history of dilated cardiomyopathy and
underlying genetic risk27; (iii) measurements of different
biomarkers28,29; (iv) two-dimensional echocardiography30,31;
and (v) cardiac magnetic resonance imaging.32 It is recom-
mended that LVEF be temporarily retained as part of the as-
sessment of HF, as a rough evaluation of a patient’s
sensitivity to neurohormonal inhibitors, and during a transi-
tion phase to incorporate current evidence-based medicine
into a more personalized evidence-based HF management
plan. This is our future direction for monitoring and testing
patients with recovery HF.

Limitations

Considering also the single-centre nature of our study, the
findings may not be generalizable to other settings, such as
HF with preserved or midrange ejection fraction.33–37 We
cannot exclude possible survival bias or lead-time bias, given
that an eligible patient must have two echocardiograms
≥3 months apart and the first echocardiogram obtained
may not be the first test conducted at HF diagnosis. Addition-
ally, it was difficult to ascertain the duration of HF before en-
rolment, as diagnosis could have been made at other
hospitals, whose records are not linked to ours. The use of
beta-blockers, renin–angiotensin system inhibitors, and
spironolactone may have changed during follow-up, and fu-
ture studies are needed to examine the effects of medication

Figure 4 Kaplan–Meier curves for all-cause mortality and rehospitalization between the LVEF ≥ 20% and LVEF 10–20% improvement subgroups. LVEF,
left ventricular ejection fraction.
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cross-over. Moreover, the combination of a neprilysin
inhibitor and an angiotensin II receptor blocker, sacubitril/
valsartan, has been shown to produce superior benefits on
mortality and hospitalization,38 and future studies should ex-
amine whether this medication produces better clinical out-
comes in HFrecEF patients. Hospitalizations were
ascertained from the Yidu Cloud. Therefore, hospitalization
rates may have been underestimated because hospitaliza-
tions to hospitals other than our own may have occurred. Al-
though salt and alcohol intake, smoking, medication
adherence, and weight can all influence the trajectory of LVEF
recovery, we did not have information on these variables in
the Yidu Cloud databases. Therefore, a large prospective co-
hort or a randomized-controlled study is necessary to under-
stand the characteristics and evaluate the effects of drugs in
HF population.

Conclusions

Heart failure with recovered ejection fraction patients tended
to be younger and had a lower prevalence of coronary artery
disease, cerebrovascular disease, and diabetes mellitus.
Moreover, most patients with HFrecEF are those with hyper-
tension, in whom early intervention can reverse ventricular
remodelling and improve clinical outcomes. HFrecEF is a

distinct HF phenotype with better clinical outcomes com-
pared with those with persistent HFrEF. HFrecEF patients
have a relatively better short-term mortality at 24 months
but not thereafter.
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