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Abstract

Aims An improved left ventricular ejection fraction (HFiEF) was observed across heart failure (HF) patients with a reduced or
mid-range ejection fraction (HFrEF or HFmrEF, respectively). We postulated that HFIiEF patients are clinically distinct from
non-HFIEF patients.

Methods and results A total of 447 patients hospitalized due to a clinical diagnosis of HF (LVEF <50% at baseline) were en-
rolled from September 2017 to September 2019. Echocardiogram re-evaluation was conducted repeatedly over 6 months of
follow-up after discharge. The primary endpoint included the composite of HF hospitalization and all-cause mortality. Subjects
(n = 184) with HFIEF (defined as an absolute LVEF improvement>10%) were compared with 263 non-HFiEF (defined by <10%
improvement in LVEF) subjects. Multivariable Cox regression was performed and identified younger age, smaller left ventric-
ular end diastolic dimension (LVEDD), beta-blocker use, AF ablation and cardiac resynchronization therapy (CRT) as indepen-
dent predictors of HFIiEF. According to Kaplan—Meier analysis, HFiEF subjects had lower cardiac composite outcomes
(P = 0.002) and all-cause mortality (P = 0.003) than non-HFIiEF subjects. Multivariate Cox survival analysis revealed that
non-HFiEF (compared with HFiEF) was an independent predictor of both the primary endpoints (HR = 0.679, 95% Cl: 0.451—
0.907, P = 0.012), which was driven by all-cause mortality (HR = 0.504, 95% Cl: 0.256—-0.991, P = 0.047).

Conclusions These data confirm that compared with non-HFIiEF, HFIiEF is a distinct HF phenotype with favourable clinical
outcomes.
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Introduction

Definitions for patients with heart failure (HF) vary, but LVEF
is the most commonly used surrogate parameter of left ven-
tricular (LV) systolic function in the current HF classification.
Recent studies have reported that improvement in LVEF is
systematically linked to lower HF-rehospitalization rates and
mortality. However, data regarding the clinical characteristics,
outcomes, and medical therapy for patients with HF with

improved LVEF are scarce, especially among Asian patients.
Moreover, no study to date has investigated HF patients with
both reduced and mid-range ejection fraction (HFrEF and
HFmrEF). Thus, the objective of this research is to establish
independent predictors of LVEF improvement in a broader
spectrum (LVEF <50%) of HF patients and to investigate the
clinical outcomes of HFiEF (defined as an absolute LVEF im-
provement >10%) subjects compared with those of
non-HFiEF patients in real-world clinical practice.
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Methods
Data sources and cohort

The study was a single-centre retrospective observational co-
hort study of Asian adult patients admitted to Fuwai Yunnan
Cardiovascular Hospital, China with a diagnosis of HF (ICD 10
code 150.x) between 1 September 2017 and 31 September
2019. Demographic data, echocardiograms and blood
samples were obtained from all patients at the first hospital-
ization. All patients were encouraged to undergo echocardi-
ography periodically to assess LV function. Patients who
completed the 6 month re-examination echocardiograms
were selected for this research. The first echocardiogram dur-
ing the 6 month interval was defined as the re-examination
echocardiogram to classify EF improvement. Absolute LVEF
improvement >10% within 6 months was considered to be in-
dicative of HFiEF. The exclusion criteria were as follows: (a) a
lack of quantified clinical data; (b) no re-examination over
6 months; and (c) a history of congenital or valvular heart dis-
ease correction (Figure 1).

Measurement of parameters and laboratory data

At the first hospitalization, clinical information collected from
the patients consisted of demographic data, co-morbidities,

physical exam and blood analysis results at baseline. In terms
of medication, the use of beta-blockers, angiotensin
converting enzyme inhibitor (ACEi), angiotensin receptor
blockade (ARB) or aldosterone antagonists for HF treatment
was defined as a prescription after discharge according to
the recommendation of current guidelines.*

All patient echocardiographs were performed indepen-
dently by two experienced technicians. Two-dimensional,
targeted M-mode echocardiographs, and Doppler ultrasound
measurements were obtained by using standard techniques
in accordance with the American Society of Echocardiography
and the European Association of Cardiovascular
Imaging’s guidelines.” LVEF assessment was based on
two-dimensional echocardiography using the quantitative
two-dimensional biplane volumetric Simpson method from
4- and 2-chamber views.

Outcomes

For this study, the primary endpoint included composite out-
comes of hospitalization for HF decompensation and
all-cause mortality. The secondary endpoint was all-cause
mortality. Time zero was set at the diagnosis of HFIiEF or
non-HFiEF according to the data from the second echocardio-
gram (>6 months), and composite endpoints occurring after
this time point were included in our analyses. The patients

Figure 1 Derivation of the cohort. HF patients with first hospitalization with two echocardiograms separated over 6 months between September 2017
and September 2019 were identified. In total, 447 patients were used for this cohort after exclusion criteria were applied.

N = 834 heart failure hospitalized patients with
EF <50% between September 2017 and

September 2019

N = 311 patients excluded due to no at least
6 months echocardiogram re-evaluation
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N = 76 patients excluded due to congenital or
valvular heart disease correction

Y

Final cohort N =447 patients includes.

1) HFiEF (N = 184)
2) Non-HFiEF (N = 263)

ESC Heart Failure 2021; 8: 2755-2764
DOI: 10.1002/ehf2.13345



Heart failure with improved LVEF

2757

were followed up until May 2020. Status and dates of death
were obtained from the patients’ medical records. If these
data were unavailable, patient status was ascertained by a
telephone call to the physician at the referring hospital. We
were able to follow up on all patients.

Statistical analysis

Categorical variables are expressed as numbers and percent-
ages. Parametric variables are presented as the mean % SD,
and non-parametric variables (e.g., NT-proBNP and hs-tropo-
nin 1) are presented as the median and interquartile range.
Statistical analyses were conducted using Student’s t test, a
)(2 test, or the log-rank test between HFIiEF and non-HFiEF
groups. All variables with statistically significant differences
between the two groups, as shown in Table 1, were consid-
ered candidate variables. Multivariable Cox regression was
applied to identify each possible independent predictor of
HFIiEF. A Cox proportional hazards regression model was used
to determine the independent association of improvement in
LVEF with a survival benefit. Cardiac composite outcomes and
all-cause mortality in the HFiEF and non-HFIiEF groups were
compared using cumulative incidence curve Kaplan—-Meier
analysis and the log rank test. In addition, we used propensity
score matching (PSM) to perform a sensitivity analysis. The
PSM population was created using the nearest neighbour
method without replacement in a 1:1 ratio. The variables in-
cluded for matching were age, male sex, body mass index,
history of hypertension, diabetes, hyperlipidaemia, ischaemic
heart disease (IHD), cardiomyopathy, valvular heart disease,
atrial fibrillation, stroke or transient ischaemic attack (TIA),
NYHA class Ill or IV, medication history of § blocker, ACEi or
ARB, and optimal medical therapy (OMT). After success
matching, these variables were statistically comparable be-
tween the two groups. The P value considered for statistical
significance was 0.05. Data were stored and analysed using
SPSS software (IBM Corp, Armonk, NY, version 23.0).

Results
Baseline characteristics of the study population

A total of 447 patients (mean age 57.1 + 13.7, 337 men) were
included in the analysis. The clinical characteristics of the pa-
tients and their treatments at hospital discharge are pre-
sented in Table 1. Age, level of NT-proBNP, uric acid, and
creatinine were lower in the HFIiEF group than in the non-
HFiEF group, whereas the rate of male sex and level of albu-
min were higher. In addition, the prevalence of IHD, diabetes
mellitus, hyperlipidaemia, NYHA Class Il or IV, antiplatelet
agent use, hypolipidaemic drug use, ICD implantation and
PCl or CABG was lower in the HFiEF group than in the non-

HFIiEF group. The rate of ACEi or ARB and beta-blocker use
and the rate of AF ablation or CRT implantation were higher
in the HFIiEF group than in the non-HFiEF group. In contrast,
other parameters, including blood pressure, heart rate,
haemoglobin, hs-troponin |, sodium, and potassium, time be-
tween two echocardiographs, and cases of de novo HF and
HFrEF or HFmrEF, among others, did not differ significantly
between the two groups. The aetiology for HF is presented
in Figure 2.

Predictors of heart failure patients with improved
ejection fraction

According to the echocardiography re-evaluation over
6 months, 184 patients were identified as HFiEF, while 263
patients were classified into the non-HFiEF group. Univariate
analysis indicated younger age, IHD, smaller baseline LVEDD,
more severe NYHA class, use of hypolipidaemic drugs, ACEi or
ARB and beta-blocker, AF ablation and CRT implantation were
potential predictors of HFiEF; however, in multivariable Cox
regression analysis, younger age, smaller baseline LVEDD,
beta-blocker use, AF ablation and CRT implantation were in-
dependent predictors for HFIiEF (Table 2).

Predictors of the outcomes

During a median follow-up of 11 months (range
6—16 months), 200 events occurred, including 149 composite
outcomes (HFIiEF n = 46 vs. non-HFiEF n = 103) and 51 deaths
(HFiEF n = 11 vs. non-HFiEF n = 40). In Kaplan—Meier analysis,
HFIiEF was associated with lower cardiac composite outcomes
(P =0.002) and all-cause mortality (P = 0.003) than non-HFiEF
(Figure 3). In multivariable Cox proportional hazard analyses,
HFiEF (vs. non-HFIEF) was an independent predictor of both
cardiac composite outcomes HR = 0.679, 95% Cl: 0.451-
0.907, P = 0.012 and all-cause mortality HR = 0.504, 95% Cl:
0.256-0.991, P = 0.047 (Tables 3 and 4).

Sensitivity analysis

A 1:1 PSM was used in sensitivity analyses. After PSM, a co-
hort of 276 patients was identified, which included 138 pa-
tients in the HFIEF group and 138 patients in the non-HFIiEF
group. The rates of composite outcomes and all-cause mor-
tality in the HFiEF group were 29.7% and 7.9%, respectively,
which were lower than those in the non-HFIiEF group
(52.5%, log-rank P = 0.001, and 18.8%, log rank P = 0.016)
(Figure 4).

A bias analysis of LVEF measurement using the Bland and
Altman method was performed. Inter-observer agreement
and intra-observer agreement were assessed among 30
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Table 1 Baseline demographics and clinical characteristics of patients with HFiEF and non-HFiEF

Overall N = 447 HFIEFN = 184 Non-HFiEF N = 263 P-value
Demographic data
Age (years) 57.1 = 13.7 54.1 = 15.2 59.2 + 121 0.001
Male (%) 337 (75.3) 128 (69.5) 209 (79.4) 0.011
BMI (kg/mz) 24.0 239 + 3.5 24.1 £ 3.3 0.619
Past medical history
De novo HF (%) 192 (42.9) 82 (44.5) 110 (41.8) 0.564
HFrEF (%) 194 (43.4) 71 (38.5) 123 (46.7)
HFmrEF (%) 253 (56.5) 113 (61.5) 140 (53.2) 0.085
Atrial fibrillation (%) 106 (23.7) 53 (28.8) 53 (20.2) 0.055
Ischaemic heart disease (%) 183 (40.9) 61 (33.2) 122 (46.4) 0.004
Diabetes mellitus (%) 106 (23.7) 35(19.0) 71 (27.0) 0.043
Hypertension (%) 202 (45.1) 82 (44.6) 120 (45.6) 0.773
Hyperlipidaemia (%) 171 (38.2) 55 (29.9) 116 (44.1) 0.012
Prior stroke or TIA (%) 30 (6.7) 10 (5.4) 20 (7.6) 0.444
Physical exam
SBP (mmHg) 119.3 = 17.9 120.3 £ 17.9 118.7 £ 17.9 0.353
DBP (mmHg) 77.3 £ 14.0 76.7 = 16.6 77.8 £ 12.7 0.490
HR (b.p.m.) 80.3 = 16.6 80.3 =+ 13.6 80.3 = 18.5 0.943
NYHA Class Il or IV (%) 245 (53.8) 77 (41.8) 168 (63.8) <0.001
Laboratory exam
Haemoglobin (g/L) 129.3 = 21.2 129.1 + 25.6 129.4 +17.4 0.897
Uric acid (umol/L) 417.7 = 150.3 391.3 £ 15.1 436.2 = 14.7 0.002
Creatinine (umol/L) 97.6 = 30.4 91.8 + 28.2 101.71 £ 31.2 0.004
eGFR (mL/min/1.73 mz) 71.2 = 25.6 75.8 = 25.7 67.9 = 25.0 0.001
Sodium (mmol/L) 136.3 = 3.1 136.1 £ 5.2 136.5 + 3.1 0.175
Potassium (mmol/L) 41 +0.3 41 +04 41 +0.3 0.392
Hs-troponin | (ng/mL) 0.04 (0.01, 0.25) 0.05 (0.01, 0.41) 0.05 (0.01, 0.46) 0.137
NT-proBNP (pg/mL) 1226.0 993.2 1455.0 0.006
(557.9, 2451.2) (459.0, 1815.2) (708.1, 2776.0)
LDL-C (mmol/L) 24 0.7 24 0.7 24 +0.8 0.857
Albumin (g/L) 38.0 = 3.6 38.4 + 3.9 37.7 = 3.2 0.045
Baseline echo
LAD (mm) 415 + 85 39.9+93 426 +7.8 0.001
LVEDD (mm) 58.7 = 10.6 55.3 = 10.6 61.2 +99 <0.001
LVEF (%) 39.0 + 8.8 39.8 + 8.5 38.5 + 9.1 0.147
Second echo
LAD (mm) 40.5 + 8.4 37575 42.6 + 8.4 <0.001
LVEDD (mm) 56.8 = 10.8 50.3 = 8.1 61.3 £ 10.1 <0.001
LVEF (%) 46.7 + 13.5 57.8 = 8.5 39.0 = 10.6 <0.001
Time between two echocardiograms (days) 251 (208,353) 244 (206,329) 259 (209,365) 0.083
Medications at discharge
Beta-blockers (%) 118 (26.4) 70 (38.0) 48 (18.3) <0.001
ACEi or ARB (%) 178 (39.8) 98 (53.3) 80 (30.4) <0.001
Aldosterone antagonists (%) 347 (77.6) 136 (73.9) 211 (80.2) 0.069
CCB (%) 51(11.4) 26 (14.1) 25 (9.5) 0.134
Digitalis (%) 104 (23.3) 36 (19.6) 68 (25.9) 0.113
Diuretics (%) 277 (62.0) 116 (63.0) 161 (61.2) 0.767
Antiplatelet agents (%) 259 (57.9) 92 (50.0) 167 (63.5) 0.003
Hypolipidaemic drugs (%) 238 (53.2) 83 (45.1) 155 (58.9) 0.003
Anticoagulants (%) 139 (31.1) 58 (31.5) 81 (30.8) 0.521
Nitrates (%) 56 (12.5) 28 (15.2) 28 (10.6) 0.111
Amiodarone (%) 39 (8.7) 19 (10.3) 20 (7.6) 0.395
OMT (%) 103 (23.0) 46 (25.0) 57 (21.6) 0.411
Treatment
ICD (%) 48 (10.7) 12 (6.5) 36 (13.7) 0.014
CRT (%) 44 (9.8) 28 (15.2) 16 (6.1) 0.002
PCl or CABG (%) 55(12.3) 16 (8.7) 39 (14.8) 0.057
AF ablation (%) 26 (5.8) 17 (9.4) 9 (3.4) 0.013

ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BMI, body mass index; CABG, cor-
onary artery bypass grafting; CCB, calcium channel blocker; CRT, cardiac resynchronization therapy; DBP, diastolic blood pressure; eGFR,
estimated glomerular filtration rate; HR, heart rate; ICD, implantable cardioverter defibrillator; LAD, left atrial diameter; LDL-D, low-density
lipoprotein; LVEDD, left ventricular end diastolic dimension; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association;
OMT, optimal medical therapy; PCl, percutaneous coronary intervention; SBP, systolic blood pressure; TIA, transient ischaemic attack.
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Figure 2 Top five aetiologic causes according to the HF phenotypes.
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randomly selected patients and were evaluated using Bland—
Altman plots with the mean difference and 95% limit of
agreement (Supporting Information, Figure S1). No significant
difference was found (intra-observer: —3.065 to 2.931,
P =0.813; inter-observer: —3.432 to 2.366, P = 0.579, respec-
tively). Six (1.3%) patients were treated using targeted
M-mode due to poor quality, and follow-up measurements
for each individual were made using the same technique as
their original study.

Discussion

This is the first study to focus on absolute LVEF improvement
and to examine mortality and hospitalization for HF decom-
pensation patients with both reduced and mid-range EF
(HFrEF or HFmrEF) in an Asian population, which has not
been documented previously to our knowledge. The study

populations in previous related studies predominantly in-
cluded non-Asian subjects, and although HF patients with a
mid-range EF experience absolute LVEF improvement, these
subgroups have usually been excluded. Our main findings
are that younger age, smaller LVEDD, beta-blocker use, AF
ablation and CRT implantation are independent predictors
of HFIEF. Furthermore, subjects with HFIiEF had significantly
lower all-cause mortality and fewer hospitalizations for HF
decompensation than those with non-HFiEF.

Definitions and frequency of heart failure
patients with improved ejection fraction

The true frequency of patients with improved or recovered
LVEF has not been established, partly because a consensus
definition has not been reached (Supporting Information,
Table S1). A commonly used definition of HFIiEF is based on
an absolute improvement in LVEF.>™ In the IMPROVE HF
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Table 2 Cox analysis of identifying predictors of HFiEF

HR 95% Cl a value aHR 95% CI P value
Age (years) 0.737 0.576-0.943 0.015 0.664 0.512-0.816 0.002
Male 1.123 0.830-1.519 0.453
Ischaemic heart disease 1.389 1.087-1.776 0.009
Diabetes mellitus 0.945 0.718-1.244 0.687
Hyperlipidaemia 1.084 0.848-1.385 0.217
NYHA Class Ill or IV 1.362 1.062-1.748 0.015
eGFR (mL/min/1.73 m?) 0.995 0.990-1.000 0.060
Albumin (pg/mL) 0.994 0.974-1.016 0.606
NT-proBNP (pg/mL) 1.088 0.852-1.390 0.498
Baseline LAD (mm) 1.006 0.993-1.019 0.399
Baseline LVEDD (mm) 1.019 1.007-1.031 0.002 1.013 1.001-1.028 0.037
ACEi or ARB 0.625 0.479-0.814 0.001
Beta-blocker 0.543 0.396-0.744 0.001 0.585 0.425-0.805 0.001
Antiplatelet agents 1.160 0.901-1.494 0.251
Hypolipidaemic drugs 1.319 1.030-1.689 0.028
ICD 1.093 0.763-1.564 0.629
CRT 0.434 0.261-0.722 0.001 0.575 0.343-0.964 0.036
AF ablation 0.416 0.205-0.844 0.015 0.336 0.163-0.696 0.003
PCl or CABG 1.386 0.985-1.949 0.061

aHR have been adjusted for age, previous history of ischaemic heart disease, New York Heart Association class, baseline LAD, LVEDD, ACEi
or ARB, beta-blocker, hypolipidaemic drugs at discharge and CRT, AF ablation.

ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; aHR, adjusted hazard ratio; ARB, angiotensin receptor blocker; CABG,
coronary artery bypass grafting; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate; HR, hazard ratio; ICD,
implantable cardioverter defibrillator; LAD, left atrial diameter; LVEDD, left ventricular end diastolic dimension; NYHA, New York Heart

Association; PCl, percutaneous coronary intervention.

Figure 3 Kaplan—Meier curves showing the composite outcomes of hospitalization for HF decompensation and all-cause death (A) and all-cause death

(B).
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HFiEF 184 177 170 150 124 114 85 51 37 15 10 3 1

population,® a baseline echocardiographic LVEF <35% and an
absolute improvement in the LVEF of at least 10% were de-
fined as HFIiEF. In the study by Florea et al,®> 3519 patients
with a baseline LVEF <35% and 321 (9.1%) patients with an
LVEF >40% after 12 months were defined as the HFiEF sub-
group. In an echocardiogram-based registry, an EF <40% at
baseline with an absolute EF improvement >10% was
regarded as HFiEF, and 37.6% of patients had HFIiEF. Other

investigators have defined HFiEF as improvement of a re-
duced LVEF to a normal LVEF (usually >50%) rather than an
absolute improvement in LVEF. Abe et al.° reported that
44% of these patients recovered to EF >50% at the 2nd ex-
amination. Basuray et al.” found that 176 (9.6%) HF patients
with a baseline LVEF <50% improved to an LVEF >50%. In the
A-HeFT trial,® HFIiEF patients were defined as those with an
LVEF <35% at baseline and an LVEF >40% at the 6 month
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Table 3 Hazard ratios (95% Cl) for baseline and HFiEF in relation to the composite endpoint

HR 95% Cl P value aHR 95% Cl P value
Age >65 (years) 1.399 1.015-1.930 0.041 0.664 0.512-0.816 0.002
Male 1.144 0.780-1.678 0.490
Ischaemic heart disease 1.201 0.867-1.662 0.271
Diabetes mellitus 1.200 0.830-1.736 0.332
Hyperlipidaemia 0.996 0.713-1.391 0.980
NYHA Class Ill or IV 1.669 1.194-2.333 0.003
eGFR (mL/min/1.73 m?) 0.991 0.984-0.997 0.007
Albumin (pg/mL) 0.982 0.681-1.415 0.922
NT-proBNP (pg/mL) 2.085 1.403-2.931 0.001 1.966 1.393-2.763 0.001
Baseline LAD (mm) 1.015 0.997-1.034 0.105
Baseline LVEDD (mm) 1.019 1.004-1.034 0.012
ACEi or ARB 0.979 0.963-0.996 0.013
Beta-blocker 0.968 0.942-0.994 0.018 0.973 0.947-0.999 0.041
Antiplatelet agents 1.295 0.928-1.806 0.128
Hypolipidaemic drugs 1.214 0.878-1.680 0.242
ICD 1.706 1.710-2.622 0.015
CRT 1.308 0.799-2.141 0.286
AF ablation 1.284 0.654-2.524 0.468
PCl or CABG 1.104 0.674-1.807 0.694
HFIiEF 0.592 0.418-0.839 0.003 0.679 0.451-0.907 0.012

aHR have been adjusted for age, NYHA Class Ill or IV, eGFR, baseline level of NT-proBNP, LVEDD, ACEi or ARB use, beta-blocker use, ICD
implantation and HFiEF.

ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; aHR, adjusted hazard ratio; ARB, angiotensin receptor blocker; CABG,
coronary artery bypass grafting; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate; HR, hazard ratio; ICD,
implantable cardioverter defibrillator; LAD, left atrial diameter; LVEDD, left ventricular end diastolic dimension; NYHA, New York Heart As-
sociation; PCl, percutaneous coronary intervention.

Table 4 Hazard ratios (95% Cl) for baseline and HFIEF in relation to all-cause death

HR 95% Cl P value aHR 95% Cl P value
Age >65 (years) 1.025 0.590-1.781 0.929
Male 1.483 0.722-3.049 0.283
Ischaemic heart disease 0.932 0.582-1.627 0.810
Diabetes mellitus 1.910 1.075-3.395 0.027
Hyperlipidaemia 1.258 0.720-2.199 0.420
NYHA Class Ill or IV 2.419 1.321-4.428 0.004
eGFR (ml/min/1.73 m?) 1.000 1.989-1.001 0.062
Albumin (pg/mL) 1.006 0.961-1.052 0.807
NT-proBNP (pg/mL) 3.220 1.685-6.150 0.001 2.633 1.362-5.091 0.004
Baseline LAD (mm) 1.049 1.023-1.076 0.001
Baseline LVEDD (mm) 1.050 1.024-1.076 0.001 1.037 1.011-1.064 0.005
ACEi or ARB 0.863 0.432-1.649 0.656
Beta-blocker 0.514 0.269-0.983 0.044
Antiplatelet agents 1.008 0.812-1.251 0.945
Hypolipidaemic drugs 1.067 0.875-1.301 0.524
ICD 0.849 0.385-1.232 0.389
CRTP or CRTD 0.654 0.778-3.527 0.191
AF ablation 0.903 0.640-1.272 0.559
PCl or CABG 1.161 0.860-1.569 0.329
HFIiEF 0.381 0.195-0.743 0.005 0.504 0.256-0.991 0.047

aHR have been adjusted for diabetes mellitus, NYHA Class Ill or IV, baseline level of NT-proBNP, baseline LAD, LVEDD, beta-blocker use and
HFiEF.

ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; aHR, adjusted hazard ratio; ARB, angiotensin receptor blocker; CABG,
coronary artery bypass grafting; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate; HR, hazard ratio; ICD,
implantable cardioverter defibrillator; LAD, left atrial diameter; LVEDD, left ventricular end diastolic dimension; NYHA, New York Heart As-
sociation; PCl, percutaneous coronary intervention.

echocardiographic re-evaluation. In the prospective cohort comprehensive review of the literature by Gulati and
KorAHF study,® HFIiEF was defined as an LVEF <40% at base- Udelson®® documented rates of improved LVEF (to LVEF
line, with improvement up to 40% after 1 year of follow-up, >50%) ranging from 9% to 72% considering that the fre-
and 720 (31.3%) subjects were regarded as having HFiEF. A quency of HFiEF is variable because of the heterogeneity of
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Figure 4 Association between the composite outcomes (A) and all-cause death (B) with HFiEF in PSM population.
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study populations with regard to differing definitions, HF or-
igins and underlying medical therapy. In our patient popula-
tion, 184 (41.4%) subjects with a baseline LVEF <50%
showed improvement in their LVEF by 10% according to the
recent ACC Scientific Expert Panel.** HFmrEF accounts for
38% (71/184) of HFIiEF cases. If we changed the definition
with a baseline LVEF <50% improved to an LVEF >50%, there
were 231 (51.6%) HF patients with HFiEF or HFrecEF. Regard-
less of the definition of HFIEF, the clinical outcomes of HFIiEF
patients were improved compared with those of patients
with non-HFIiEF with respect to the primary endpoint
(Supporting Information, Figure S2). We prefer the ‘im-
proved’ LVEF to the ‘recovered’ LVEF to define the subgroup
because the underlying structural cardiomyopathic process
does not completely recover with LVEF improvement.

Factors that predict heart failure with improved
ejection fraction

Although HFIEF definitions vary, several clinical characteristics
are consistently considered to be candidate predictors of im-
proved LVEF. Compared with previous studies, subjects with
HFIEF tend to be younger,®® female,?!? have a better NYHA
class,®**2 have AF®®12 and have a smaller LVEDD.® However,
there are conflicting data regarding higher® or lower baseline
EF.* In our study, patients with HFIEF exhibited the follow-
ing: a lower rate of male sex, IHD, diabetes mellitus, and
hyperlipidaemia; a higher level of albumin; a lower level of
uric acid and creatinine; lower LAD and LVEDD; higher use
of ACEi or ARB and beta-blockers; reduced use of antiplatelet
agents and hypolipidaemic drugs; higher rates of CRT implan-
tation and AF ablation; and lower rates of ICD implantation.

Our study identified five variables that independently cor-
related with HFiEF: younger age, smaller LVEDD, beta-blocker
use, AF ablation, and CRT implantation were positive
predictors. The result was consistent with a few other stud-
ies: our subjects with HFiEF were more likely to be younger®®
and treated with a beta-blocker® and CRT implantation.®
Moreover, smaller LVEDD was an independent factor that
predicted a greater likelihood of LVEF improvement.
Otherwise, the novel findings of this study are that patients
with AF ablation had greater odds of being in the HFIiEF
group. It is understandable that LV remodelling can also be
reduced by atrial fibrillation, and electrophysiological pro-
cesses play an important role in LV reverse remodelling.**
We also found that cardioversion to sinus rhythm in AF
subgroup patients (Supporting Information, Figure S3A) un-
dergoing radiofrequency catheter ablation and CRT implanta-
tion in the device subgroup led to greater improvement in
the LVEF (Supporting Information, Figure S3B). Of note, there
was significantly more IHD in the non-HFiEF group, Consistent
with our data, several investigations®>>® have implicated
non-ischaemic aetiology is associated with a higher likelihood
of LVEF improvement as IHD might respond differently to
treatment.

Outcomes in heart failure patients with improved
ejection fraction

Recent studies have described HFIEF as a distinct entity for
those cases systematically linked to lower hospitalization for
HF decompensation rates and mortality. HFiEF patients seem
to have more favourable clinical outcomes than non-HFiEF
patients in different cohort studies. The study by Ghimire
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et al.*? also confirmed a non-significant trend towards reduc-
tions in mortality (HR = 0.16, 95% Cl: 0.02-1.15 P = 0.068)
and fewer recurrent hospitalizations for HF (HR = 0.41, 95%
Cl: 0.24-0.68, P < 0.001). In the Park et al.’ study cohort,
the proportion of surviving patients was significantly higher
in the HFIEF group (log-rank P value = 0.005). The mortality
rate was found to be approximately 2.9 cases per 100
person-years (95% Cl: 1.8-4.5, P < 0.05) in the HFiEF group
and 5.8 cases per 100 person-years (95% Cl: 5.3-6.4,
P < 0.05) in the continued HFrEF group. In the study of
Basuray et al.” according to multivariate Cox regression
models, HFIiEF (vs. HFrEF) independently predicted both the
adverse cardiovascular event rate (HR = 0.668, 95% Cl:
0.450-0.994, P = 0.046) and mortality (HR = 0.655, 95% Cl:
0.459-0.934, P = 0.019). Similar conclusions were reached
in a recent European cohort.** The HFIiEF subgroup demon-
strated lower rates of mortality (aHR = 0.70) and fewer hospi-
talizations (aHR = 0.87) and emergency room visits
(aHR = 0.88) than patients with persistent HFrEF. Consistent
with these conclusions, our study confirmed that HFiEF as a
distinct clinical entity is associated with a more favourable
prognosis than non-HFiEF. Based on Kaplan—Meier analysis,
HFiEF was associated with lower composite outcomes
(P = 0.002) and all-cause mortality (P = 0.003) than
non-HFiEF. Further, multivariate Cox regression analyses
demonstrated that HFIEF (vs. non-HFIEF) was an independent
predictor of both cardiac composite outcomes and all-cause
mortality.

Management of heart failure patients with
improved ejection fraction

The optimal clinical management of HFIiEF patients remains
unclear due to a lack of robust prospective data. In fact, there
has only been one randomized controlled clinical trial (TRED-
HF) in 50 patients with non-ischaemic HFiEF to assess the
safety of weaning guideline-directed medical therapy in HFiEF
patients.® The results of some prospective studies supported
that the use of beta-blockers is beneficial for Asian HFIiEF pa-
tients, this outcome was reported in a Japanese cohort*® and
a multicentre cohort study in South Korea.® Our research also
showed that beta-blocker use was associated with improved
composite outcomes (aHR = 0.973, 95% Cl: 0.947-0.999,
P = 0.041). Until recently, guideline-directed medical care
for patients with HFiEF was recommended to be continued
indefinitely according to the recent ACC Scientific Expert
Panel.X!

Limitations and directions

We may have overestimated LVEF improvement because we
did not include subjects who died before the second

cardiogram could be conducted. This may have affected the
non-HFiEF group in particular, as death before the second
echocardiograph occurred more often in the non-HFiEF group
than in the HFiEF group, which could be a source of bias.
Moreover, echocardiographic data were collected from sum-
mary reports in routine clinical practice rather than with a
prospective standardized protocol. Finally, many unknown
clinical factors associated with a higher likelihood of LVEF im-
provement still need to be elucidated before these data can
be used as predictive or prognostic tools for individual
patients.

Conclusions

We describe the frequency, predictors, and prognosis of
HFIiEF patients. In our study, younger age, smaller LVEDD,
beta-blocker use, AF ablation and CRT implantation were in-
dependent predictors of HFiEF. Furthermore, subjects with
HFIiEF had significantly less all-cause mortality and fewer hos-
pitalizations for HF decompensation than those with non-
HFiEF. The natural history can be further characterized, and
optimal management strategies can be better established in
HFIiEF patients only through ongoing studies.
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and all-cause death (B) with HFIiEF in redefined HFIiEF popula-
tion. HFIiEF was redefined as a baseline LVEF <50% improved
to an LVEF >50%.

Figure S3. Kaplan—Meier curves showing the composite out-
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