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ABSTRACT
Background: The prevalence of patients with heart failure withmid-range ejection fraction (HFm-
rEF) remains unchanged regardless of healthcare strategies. HFmrEF has mixed characteristics of
heart failure with preserved ejection fraction (HFpEF) and heart failure with reduced ejection frac-
tion (HFrEF). The treatment of HFmrEF was recommended to be similar to the treatment of HFpEF
in the 2016 guidelines of the European Society of Cardiology (ESC) but was changed to those of
HFrEF in the 2021 version. Objective: To describe the clinical characteristics of inpatients with
HFmrEF with a focus on treatment practices. Methods: A prospective study was conducted on
patients diagnosed with HFmrEF who were admitted to the cardiology department of Nhan Dan
Gia Dinh hospital from July 2019 to July 2020. Rehospitalization and mortality were followed up
by telephone after 1 year. Results: Of a total of 529 heart failure cases admitted to the hospi-
tal during the study period, there were 73 patients (13.8%) with HFmrEF. The mean age was 68
years and males comprised 53%. The average hospitalization stay length was 6.7 days. The most
common precipitating factors of heart failure were non-adherence (42.5%) and infection (39.7%)
followed by hypertensive crisis (8.2%), anemia (6.8%), acute myocardial infarction (5.5%), arrhyth-
mia (4.1%), and hyperthyroidism (2.7%). Ischemic heart disease was the leading cause (61.6%) of
HFmrEF, followed by hypertension (12.3%). The rates of HFmrEF patients treatedwith beta-blockers,
angiotensin-converting enzyme inhibitors, angiotensin II receptor antagonists, and aldosterone re-
ceptor antagonistswere 76.1%, 76.71%, 37.73%, and47.95%, respectively. Therewere no statistically
significant differences in the guideline-directedmedical therapy (GDMT)medications administered
between HFmrEF due to ischemic and non-ischemic causes. After 1-year follow-up, the combined
outcome of rehospitalization and mortality in HFmrEF was 24.7%. Conclusion: The treatment of
HFmrEF was similar to that of HFrEF between 2019 and 2020 at Nhan Dan Gia Dinh hospital and
was in accordance with the 2021 ESC guidelines.
Key words: Asian population, Clinical characteristics, GDMT, Heart failure, HFmrEF, outcomes

INTRODUCTION
Diagnosis and treatment of heart failure are mainly
based on objective assessment of left ventricular ejec-
tion fraction (LVEF). Previously, heart failure had
been classified into two groups according to LVEF:
heart failure with reduced ejection fraction (HFrEF)
and heart failure with preserved ejection fraction
(HFpEF). Recommendations from the American
Heart Association/American College of Cardiology
(AHA/ACC) and the European Heart Association
(ESC) defined HFrEF as heart failure with an LVEF
< 40%, while HFpEF was heart failure with LVEF ≥
50%. This definition created an intermediate group
that was not well studied. The 2016 ESC guidelines
considered classifying the group with LVEF between
40% and 49% as heart failure with mid-range ejec-
tion fraction (HFmrEF)1. Based on current studies,
the prevalence of HFmrEF in the heart failure pop-
ulation ranges from 13% to 24%2–4. Trend analy-

sis in the Get With the Guidelines — Heart Failure
(GWTG-HF) registry showed that, although the per-
centage of HFpEF increased (33% to 39%) andHFrEF
decreased (52% to 47%) between 2005 and 2010, the
rate ofHFmrEF remained relatively stable (13–15%)5.
Because it represents the ”gray zone” of the heart
failure population, more evidence is needed to bet-
ter understand and manage HFmrEF. The 2016 ESC
guidelines also emphasized further investigation in
this group. There are very few studies on HFmrEF in
the Asian population. Therefore, our study was con-
ducted to investigate the clinical characteristics and
evaluate the treatment practices of HFmrEF at a ter-
tiary hospital in Vietnam.

METHODS
Study design
A prospective study was conducted at the cardiology
department of Nhan Dan Gia Dinh hospital, Ho Chi
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Minh City, Vietnam, from July 2019 to July 2020.
Hospitalized HFmrEF patients ≥ 18 years old who
provided consent to participate in the study were re-
cruited. Pregnant or breastfeeding women were ex-
cluded from the study.

Sample size

Because the treatment practice was considered the
main objective, the sample size was estimated based
on the following formula:
N = p.(1-p).(1.96/m)2

in which, p was obtained from a meta-analysis
study by Lauritsen in which the prescribing preva-
lence of angiotensin-converting enzyme inhibitors
(ACEis)/angiotensin II receptor blockers (ARBs),
beta-blockers (BBs), and mineralocorticoid receptor
antagonists (MRAs) were 79.6%, 82%, and 20.3%,
respectively 6. The m value was chosen to be 10%.
Therefore, the minimum sample size was 63 patients
from the three results of 62.3, 56.7, and 62.3, respec-
tively.
For the estimation of 1-year prognosis, the same sam-
ple formula was used with p = 22.5% of the com-
bined outcome of rehospitalization and mortality in
theChronicHeart FailureAnalysis andRegistry in the
Tohoku District 2 (CHART-2) study, and m = 10%.
The minimum sample was 67 patients4.

Variable definition

Heart failure with mid-range ejection frac-
tion

The diagnosis was made with all of the following cri-
teria (1):
— Symptoms± signs of heart failure
— NT pro-BNP >125 pg/mL
— Echocardiography
+ LVEF 40–49%
+ At least one additional criterion: (1) relevant
structural heart disease (left ventricular hypertrophy
and/or left atrial enlargement) and (2) diastolic dys-
function.

Medications in guideline-directed medical
therapy

ACEis, ARBs, sacubitril/valsartan (angiotensin
receptor-neprilysin inhibitor [ARNI]), BBs, and
MRAs in the guideline-directed medical ther-
apy (GDMT) of HFrEF were the targets of the
investigation.

Measurement of left ventricular ejection
fraction
Echocardiographywas performed by certified special-
ists who had more than 5 years of experience. LVEF
was measured by the biplane Simpson method using
a Phillips Affinity 50 device.

Follow-up protocol
The outcomes of rehospitalization and mortality were
collected every 3 months or whenever information
was provided by patients and/or their families for up
to 1 year. The follow-up was conducted via telephone.

Statistical analysis
Data were analyzed using STATA version 16.0. Cat-
egorical variables are presented as frequencies and
percentages, and continuous variables are presented
as mean and standard deviation or median and in-
terquartile values based on the distribution. The Chi-
square test was used to analyze the relationship be-
tween the GDMT medications between the ischemic
and non-ischemic groups. p < 0.05 was considered
statistically significant.

RESULTS
Baseline characteristicsof the study sample
From July 2019 to July 2020, 529 patients with a di-
agnosis of heart failure were admitted to the cardiol-
ogy department at Nhan Dan Gia Dinh hospital. The
study recruited 73 patients diagnosed with HFmrEF;
therefore, the prevalence of HFmrEF in this study was
13.8% of the inpatient heart failure population.
Themean age was 68.25± 12.21 years, andmore than
half of the participants were male. Most patients with
HFmrEF were diagnosed with heart failure NYHA III
(47.9%) or NYHA II (41.1%). Ischemic heart dis-
ease accounted for themost common (61.6%) cause of
heart failure, followed by hypertension (12.3%). The
most common precipitating factor of heart failure in
HFmrEF was non-adherence (42.5%) followed by in-
fection (39.7%). Hypertension was the leading co-
morbidity. The high values of NT-proBNP and LVMi
were compatible with HFmrEF diagnosis (Table 1).
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Table 1: Baseline characteristics of the study sample

Male 39 (53)
Age (years) 68 (61 – 78)
BMI (kg/m2) 22.5± 3.0
Length of hospitalization (days) 6 (3.5 – 8.0)
Cause of heart failure
Ischemic heart disease 45 (61.6)
Hypertension 9 (12.3)
Cardiomyopathy 8 (11.0)
Valvular heart disease 8 (11.0)
Others 3 (4.1)
NYHA class
I 2 (2.7)
II 30 (41.1)
III 35 (47.9)
IV 6 (8.2)
Precipitating factors
Infection 29 (39.7)
Acute myocardial infarction 4 (5.5)
Hypertensive crisis 6 (8.2)
Non-adherence 31 (42.5)
Hyperthyroidism 2 (2.7)
Arrhythmias 3 (4.1)
Anemia 5 (6.8)
Concomitant conditions
Hypertension 50 (68.5)
Diabetes 23 (31.5)
Dyslipidemia 18 (24.7)
Atrial fibrillation 21 (28.8)
Previous stroke 6 (8.2)
Chronic pulmonary disease 5 (6.8)
Chronic kidney disease 19 (26.0)
Hyperthyroidism 2 (2.7)
Cancer 9 (12.3)
Obesity 17 (23.3)
Smoking 10 (13.7)
Alcohol abuse 4 (5.5)
Laboratory results
NT-proBNP (ng/L) 3767 (1072 – 6679)
hsTnT (ng/L) 28.0 (14.0 – 52.5)
Creatinine (µmol/L) 94.5 (77.5 – 128)
Na (mEq/L) 138 (135 – 140)
Kali (mEq/L) 3.76± 0.51
Echocardiography
LVEF (%) 44.0± 3.0
LVMi (g/m2) 121 (96 – 162)

BMI: Body mass index, NYHA: New York Heart Association, NT-
proBNP: NT-pro B type natriuretic peptide, LVEF: Left ventricular ejec-
tion fraction, LVMi: Left ventricular mass index
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Medications in theguideline-directedmed-
ical therapy in HFmrEF
The rates of BB and ACEi/ARB prescription were
higher than MRA prescription. No ARNIs were pre-
scribed during the study period. There was no differ-
ence between the ischemic and non-ischemic groups
in terms of BBs, ACEis/ARBs, or MRAs prescribed
(Table 2).

Rehospitalization and mortality within 1
year
One in four patients with HFmrEF had an unfa-
vorable outcome at 1 year. The rates of mortality
and rehospitalization were comparable in our study
(Table 3).

DISCUSSION
The rate of HFmrEF in the heart failure population
at Nhan Dan Gia Dinh hospital was 13.6%, which
was in line with other studies4,7,8. The average age
of our participants was 68.25 years, which was con-
sistent with previous reports4,9–12. The proportion of
men being higher than women in our study was also
observed in recent investigations4,8,13. These results
indicated that AsianHFmrEF patients had similar de-
mographic characteristics to Western populations.
Ischemic heart disease was the leading cause of heart
failure in our study, which is in line with other investi-
gations4,8,9. Previous data suggested that a significant
proportion of HFmrEF patients may be in transition
between HFpEF and HFrEF and that ischemic patho-
physiology could be an important mediator in LVEF
deterioration14. The two most common precipitat-
ing factors of decompensated heart failure were infec-
tion (39.7%) and non-adherence (42.5%). In the in-
vestigation by Kapoor and the Organized Program to
Initiate Lifesaving Treatment in Hospitalized Patients
with Heart Failure (OPTIMIZE-HF) study, pneumo-
nia was themost common factor in heart failure exac-
erbations and non-adherence was not prominent3,15.
The rate of comorbidities in the HFmrEF group was
similar to that of the HFpEF group, which was similar
to other reports7,16.
Initially, data from the OPTIMIZE-HF registry and
the Acute Decompensated Heart Failure National
Registry (ADHERE) suggested that the clinical char-
acteristics, treatment, and outcomes of the HFmrEF
population might be closer to that of the HFpEF pop-
ulation9,17. Similar results were observed in more
than 40,000 Medicare patients hospitalized for heart
failure in the GWTG-HF registry 7. In contrast, the
European Society of Cardiology Heart Failure Long-
Term Registry (ESC-HF-LT) study of 2,212 patients

in 2017 reported that the clinical characteristics of
the HFmrEF patients tended to be more compara-
ble to those of the HFrEF group. These features in-
cluded male, younger age, coronary artery disease as
a prominent cause of heart failure, low incidence of
atrial fibrillation, and few comorbidities12. Some of
these characteristics were consistent with the Swedish
Heart Failure Registry (SwedeHF) study from 2017
and the Candesartan in Heart Failure Assessment
of Reduction in Mortality and Morbidity (CHARM)
study from 201810,11. It is worth noting that the
HFmrEF group can include both patients with HFrEF
with improved LVEF and HFpEF with reduced LVEF;
this may explain why the HFmrEF patients had clini-
cal characteristics of both these groups. The results of
our study revealed a similar situation.
The 2016 ESC guidelines did not make any recom-
mendations that were shown to improve outcomes in
HFmrEF. Treatment was recommended to focus on
comorbidities, risk factors, and symptoms to mini-
mize heart failure exacerbations and improve quality
of life (i.e. similar to HFpEF management)1. How-
ever, in the following years, several studies revealed
that the HFrEF treatment strategy might be benefi-
cial in the HFmrEF group. The Treatment of Pre-
served Cardiac FunctionHeart Failure with an Aldos-
terone Antagonist (TOPCAT) trial in patients with an
LVEF of 45% found that spironolactone had no ef-
fect on the primary outcome but noted a reduction
in hospitalization in the treatment group (HR: 0.83).
Furthermore, there was a significant interaction be-
tween treatment and LVEF, with greater benefit in the
LVEF range of 45 — 50%18. Similarly, the CHARM-
Preserved trial investigated the efficacy of candesar-
tan in heart failure with LVEF > 40% and reported a
beneficial effect on hospitalization (HR: 0.84). How-
ever, in the Irbesartan in Heart Failure with Pre-
served Ejection Fraction Study (I-PRESERVE), irbe-
sartan was investigated in heart failure with LVEF
≥ 45% and did not produce a significant benefit;
however, the mean LVEF was higher (59%) than
that of the CHARM-Preserved group (54%)19. In
the CHART-2 study, BB treatment in the HFmrEF
group was shown to improve mortality 4. Moreover,
in the Prospective Comparison of ARNI with ARB
GlobalOutcomes inHFwith Preserved Ejection Frac-
tion (PARAGON-HF) trial, patients with LVEF≤57%
who received an ARNI had a 22% reduction in mor-
tality and cardiovascular hospitalization when com-
pared with the valsartan group. Moreover, when the
data of the PARAGON-HF and Prospective Com-
parison of ARNI with ACEI to Determine Impact
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Table 2: Prescription of guideline-directedmedical therapymedications in HFmrEF patients

Total
(73)

Ischemic
(45)

Non-ischemic
(28)

p-value

BBs 56 (76.7) 37 (82.2) 19 (67.9) 0.158

ACEis/ARBs 56 (76.7) 35 (77.8) 21 (75.0) 0.785

MRAs 35 (48.0) 21 (46.7) 14 (50.0) 0.782

BBs: Beta-blockers, ACEis: Angiotensin-converting enzyme inhibitors,MRAs: Mineralocorticoid receptor antagonists

Table 3: Outcomes of HFmrEF within 1 year

Mortality 8 (11.0)

Rehospitalization 10 (13.7)

Combined mortality and rehospitalization 18 (24.7)

on Global Mortality and Morbidity in Heart Fail-
ure (PARADIGM-HF) trials were combined, they re-
vealed that ARNIs helped to reduce the hospitaliza-
tion rate, especially in the HFmrEF group20,21.
In the past, the prescription rates of BBs, MRAs, and
ACEis/ARBs in HFmrEF have been negligible22,23.
Nevertheless, BBs, ACEis/ARBs, MRAs, and AR-
NIs were recommended to reduce hospitalization and
mortality in HFmrEF in the 2021 ESC guidelines for
heart failure24. There was a high rate of prescription
of BBs, ACEis/ARBs, and MRAs in HFmrEF in our
study. There was an overlap in the treatment of is-
chemic heart disease regarding these GDMT medi-
cations; however, a comparative analysis of the non-
ischemic and ischemic groups ofHFmrEF revealed no
significant difference. ARNIs were not widely avail-
able and their high cost during the study period may
explain the zero rate of prescription.
The 1-year outcomes in our study were similar to
those of CHART-2 (2017), but much lower than
OPTIMIZE-HF (2007). Of note, the rates of GDMT
medication prescriptions in our study were similar
to CHART-2, while they were less often used in
OPTIMIZE-HF. Our target was not to investigate the
risk factors of poor outcomes in HFmrEF; however,
our results indicated the usage of GDMTmedications
in HFmrEF. The treatment of patients with HFmrEF
in our hospital was comparable to the treatment of
HFrEF based on evidence from studies published fol-
lowing publication of the 2016 ESC guideline. This
rational practice was subsequently confirmed in the
2021 version of the ESC recommendations.
Our study provided results that could be representa-
tive of the HFmrEF population in tertiary centers like
Nhan Dan Gia Dinh hospital. There were several lim-
itations in our study. First, we only described LVEF

cross-sectionally, while it might show longitudinal al-
terations. Second, there was no direct comparison be-
tweenHFmrEF and the other two groups of heart fail-
ure. Third, we were unable to collect detailed infor-
mation about diagnosis and treatment by telephone
follow-up. More prospective multicenter studies with
larger samples are needed to investigate this group, es-
pecially LVEF changes and risk factors related to re-
hospitalization and mortality.

CONCLUSIONS
HFmrEF was treated in the same way as HFrEF at our
center between 2019 and 2020 based on the available
evidence. The significant prevalence and high rate of
poor outcomes in our study could be used as prelim-
inary data for more in-depth investigations of HFm-
rEF.

ABBREVIATIONS
ACEi: Angiotensin-converting enzyme inhibitor,
ADHERE: The Acute Decompensated Heart Fail-
ure National Registry, AHA/ACC: The American
Heart Association/American College of Cardiology,
ARB: Angiotensin II receptor blocker, ARNI: Sacu-
bitril/valsartan, BB: Beta blocker, BMI: Body mass
index, CHARM: The Candesartan in Heart Failure
Assessment of Reduction in Mortality and morbidity
trial, CHART-2: The Chronic Heart Failure Analysis
and Registry in the Tohoku District 2 study, ESC: The
European Society of Cardiology, ESC-HF-LT: The
European Society of Cardiology Heart Failure Long-
Term Registry, GDMT: Guideline-directed medical
therapy, GWTG-HF: Get With the Guidelines –
Heart Failure registry, HFmrEF: Heart failure with
mid-range ejection fraction/Heart failure with mildly
reduced ejection fraction, HFpEF: Heart failure with
preserved ejection fraction,HFrEF: Heart failurewith
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reduced ejection fraction, I-PRESERVE: The Irbesar-
tan in Heart Failure with Preserved Ejection Frac-
tion Study, LVEF: Left ventricular ejection fraction,
LVMi: Left ventricular mass index, MRA: Mineralo-
corticoid receptor antagonist,NT-proBNP: NT-pro B
type natriuretic peptide,NYHA: New York Heart As-
sociation, OPTIMIZE-HF: The Organized Program
to Initiate Lifesaving Treatment in Hospitalized Pa-
tients with Heart Failure registry, PARADIGM-HF:
Prospective Comparison of ARNI with ACEI to De-
termine Impact on Global Mortality and Morbidity
in Heart Failure, PARAGON-HF: Prospective Com-
parison of ARNI with ARB Global Outcomes in HF
with Preserved Ejection Fraction trial, SwedeHF: The
Swedish Heart Failure Registry TOPCAT: The Treat-
ment of Preserved Cardiac Function Heart Failure
With an Aldosterone Antagonist trial
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