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Abstract

Currently, the assessment of left ventricular ejection fraction (LVEF) is the cornerstone of the classification of patients with
heart failure (HF). The mid-range LVEF (HFmrEF) category was identified in an attempt to uncover specific characteristics of
these patients. So far, the analysis of trials, registries, and observational studies have demonstrated that patients with mid-
range LVEF belong to a patient cohort with generally intermediate clinical profile as compared with other groups but with a
remarkable variety of intrinsic phenotypes. This is due to the limitations of LVEF as the sole criterion to categorize patients
with HF and characterize their prognosis, above all when it is >40%. To better define the HFmrEF phenotype, it is reasonable
to consider other parameters, such as LVEF changes over time, HF aetiology, co-morbidities, and other imaging parameters. A
multiparametric evaluation may contextualize a patient with HFmrEF in a more defined phenotype with a specific prognosis.
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nghllghts natriuretic peptides, and signs of structural heart disease or
diastolic dysfunction. The new guidelines classify patients
with HF in three categories: heart failure with preserved ejec-
tion fraction (HFpEF), defined by an LVEF >50%, heart failure
with reduced ejection fraction (HFrEF) if the LVEF is <40%,
and heart failure with mid-range ejection fraction (HFmrEF)
if the LVEF is 40-49%." The 2013 ACC/AHA Heart Failure
Guidelines recognized HFpEF and HFrEF categories and iden-
tified the group with mid-range LVEF as borderline HFpEF
(in the range of 40-49%) or as HFrEF-improved for patients
with prior reduced LVEF.”> Recently, Australian and New
Zealand guidelines have not recommended the recognition

e New guidelines recommend distinguishing HFmrEF from
HFpEF and HFrEF.

e Current categorization of patients with heart failure is pri-
marily based on a measure of left ventricular ejection frac-
tion, which has important limitations.

e HFmrEF is in general an intermediate clinical profile be-
tween HFpEF and HFrEF but is characterized by a number
of distinct phenotypes.

Introduction

The 2016 European Society of Cardiology (ESC) guidelines
have introduced a new classification of heart failure (HF)
based on the left ventricular ejection fraction (LVEF) in com-
bination with signs and symptoms of HF, elevated levels of

of the HFmrEF category because of the lack of a clearly de-
fined syndrome for this group of patients, without specific
recommendations in clinical management. They classify the
patients as HFrEF and HFpEF with 50% as cut-off value be-
tween the two categories.? Thus, there is currently an ongo-
ing debate about the ‘grey area’ of HF with mid-range LVEF.
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beyond the baseline LVEF assessment, the prognostic implica-
tions of longitudinal LVEF changes are becoming increasingly
clear, and specific factors have been identified as predictors
of increasing or decreasing LVEF.?' Therefore, the attempt
to classify patients in LVEF categories does not appropriately
account for the spectrum of diverse phenotypes within the
LVEF categories.>?

Because LVEF is not a static measurement, HFmrEF is cer-
tainly a heterogenous condition with variable evolutions
rather than a stable phenotype. Only slightly more than
one-third of the HFmrEF population remains in the same cat-
egory during the long-term follow up.*®3! Conversely, the re-
maining patients reclassify into HFpEF (25-33%) and HFrEF
categories (25-37%). LVEF measurements are subject to a
wide intra-variability and inter-variability and vary between
modalities. Further, several variables, such as preload,
afterload, contractility, valvular diseases, systolic blood pres-
sure, and heart rate, can temporarily influence the value of
LVEF.?® However, evaluation of cardiac function is complex
and goes beyond the LVEF and contractility. For example, di-
astolic dysfunction is more severe in patients with HFmrEF
and prior HFpEF than in those with prior HFrEF, indicating
its greater value as a determinant of the clinical course of
these patients.'* LVEF alone is also not an accurate marker
of remodelling. Left ventricular volumes, mass, stroke vol-
ume, and their changes in time are more accurate index of
maladaptive remodelling and correlate better with the prog-
nosis and response to the therapy.’®? Thus, the current
use of LVEF for HF classification to some extent impairs our
ability to discern true myocardial recovery from myocardial
remission in which there are signs of reverse remodelling
but without a complete reversal of damage®:.

Beyond the LVEF, delayed times of contraction and
dyssynchrony are important independent signs of LV dysfunc-
tion.?®3*3% The assessment of myocardial deformation, such
as the strain and strain rate, through the tissue Doppler or
global longitudinal strain (GLS)?® or on gated single-photon
emission computed tomography myocardial perfusion imag-
ing could be alternative methods to classify HF patients.3%3°
The GLS is measured on the basis of the LV longitudinal short-
ening in systole, and it is an index of systolic function.®® It
may become abnormal at an earlier stage before a decrease
in LVEF.3”-*8 GLS has an independent prognostic value in the
mid-range and preserved LVEF group, because of the loss of
prognostic value of LVEF in this HF population.® In particular,
GLS is a stronger predictor of all-cause mortality and out-
comes (cardiac death, HF hospitalization, and malignant ar-
rhythmias) than LVEF,*® and the additional predictive value
over LVEF for mortality is more pronounced for LVEF
>35%.39 GLS allowed a better risk prediction independent
of and incremental to the LVEF also in patients with acute
myocardial infarction, including those with HFmrEF.** In addi-
tion, peri-infarct strain is the only independent predictor of
malignant cardiac arrhythmias, and GLS could identify

Outcomes for HFmrEF

0.03)

Mortality at 1 year after discharge (HFmrEF vs.

HFpEF; HFrEF vs. HFpEF)
HR 1.04 (0.98-1.10); HR 1.02 (0.99-1.05)

Deaths rates at 1 year after discharge: 34%

(HFrEF), 30% (HFmrEF), and 29% (HFpEF)

(P
Systolic blood pressure (150-159 mmHg) in

Factors significantly associated with 1 year
>75 years: HR 0.47 (0.24-0.91)

mortality after discharge in HFmrEF and

according to age:
Serum sodium >135 mEg/L in <75 years:

COPD in >75 years: HR 1.63 (1.07-2.47)
HR 0.22 (0.10-0.51)

HR 1.36 (1.20-1.55); HR 1.17 (1.09-1.24)

HR 1.37 (1.14-1.65); HR 1.17 (1.07-1.28)
Mortality at 5 years after discharge

Mortality at 2 years after discharge
(HFmrEF vs. HFpEF; HFrEF vs. HFpEF)
(HFmrEF vs. HFpEF; HFrEF vs. HFpEF)

Prevalence
of HFmrEF

14%
13%

Patient number

3604
4025

Inclusion criteria
Patients hospitalized

for acute
Patients hospitalized

decompensated HF
for acute
decompensated HF

Geography

us
us

Enrolment/
follow up
Years of 1995,

2000, 2002,
and 2004
Years of 1995,
2000, 2002,
2004, and
2006

Type of study
Retrospective
review of

study
Retrospective

population
review of
study
population

Year of
pubblication

2014
2015

COPD, chronic obstructive pulmonary disease; HF, heart failure; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart

Table 3 Overview of main retrospective observational studies investigating HF patients with mid-range LVEF
failure with reduced ejection fraction; HR, hazard ratio.

Coles A.H.

Study
Coles A.H.
et al?’

et al.?®
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Figure 1 Heart failure phenotypes based on left ventricle ejection fraction. HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure
with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.

@:m

Independent
phenotype?

Recovery

—
B —
Progression

Figure 2 Evaluation of HFmrEF beyond LVEF. HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection frac-
tion; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricle ejection fraction.

HEART FAILURE
]

r=r)
g

But LVEF is not enough...

—

Consider intra- and inter-

operator variability
Is it stable or
recovered or

declined LVEF?

What about the
etiology?

What is the
corresponding
stroke volume?

Echo evaluation of
cardiac remodelling

patients at risk of ventricular arrhythmias despite LVEF is
>35%.3% Even in the setting of acute HF, for a given LVEF,
there is a wide distribution of LV dyssynchrony, and LV
dyssynchrony appears to have a greater prognostic role than
LVEF.*?

The current LVEF-based HF classification does not take into
account the underlying HF aetiology and its influence on
prognosis.>>** Cardiac magnetic resonance (CMR) imaging
and late gadolinium enhancement add notable diagnostic
and prognostic information in patients with HF, especially in
the diagnostic workup of LV hypertrophy. The CMR allows
an accurate study of myocardial extracellular volume (ECV)
and the detection of fibrosis, interstitial oedema, or deposi-
tion of proteins, lipids, or iron. It is a superior imaging method
for the identification of the right underlying aetiology of HF.3®
The correlation between the ECV and the echocardiographic

parameters, such as LVEF, LV volumes, peak ejection, and
peak filling rate, is clearer for the HFpEF group but has not
been demonstrated for patients with reduced EF.® More-
over, the ECV expansion is significantly linked with higher
rates of mortality and worsening of HF.3® Finally, the epicar-
dial fat detected by CMR is reduced in the HFrEF and in-
creased in the HFmrEF and HFpEF populations compared
with healthy controls, suggesting a possible role of fat-
associated inflammation in the mechanisms of HF in the up-
per value of the LVEF spectrum.** Given that LVEF is an
imaging-based parameter, it is unable to fully account for
the disease trajectory, including predisposition to malignant
arrhythmias and the risk of sudden cardiac death.> Nowa-
days, it is clear that a better stratification of the arrhythmic
risk requires genetic testing, especially in dilated cardiomyop-
athy. Genetic mutations involved in the cardiomyopathies

ESC Heart Failure 2020; 7: 381-399
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Figure 3 HFmrEF on a continuum of disease. HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection frac-

tion; HFrEF, heart failure with reduced ejection fraction.

A continuum of disease with some distinct features

HFpEF

HFmrEF

HFmrEF features resembling HFpEF

Older age, Female sex

Alchool use, potassium levels

AF, Lung disease, Anemia

HF hospitalization, deaths, combination of
time to death/transplant and cardiac
hospitalization, precipiting factors for in-
hospital deaths

Younger age, Male sex
®= CAD, diabetes, valve disease
= Higher prognostic risk associated with CKD

HFmrEF features resembling HFrEF

role of NT-proBNP is even greater in HFmrEF and HFpEF than
in HFrEF, although its absolute levels are lower and more af-
fected by some confounding factors, particularly AF.>* AF has
also a major role on NPs trajectories in HFrEF.>?

Natriuretic peptides allow a differentiation of HF subtypes
in patients with HFmrEF. For example, patients with HFmrEF
and recovered LVEF have lower baseline NT-proBNP levels
than patients with a downtrending LVEF.® Troponin is an-
other commonly used biomarker. Troponins have a prognos-
tic role, regardless of LVEF.>® Generally, the biomarker profile
of HFmrEF is intermediate between the two extremes of the
LVEF spectrum. In HFmrEF group, both biomarkers of cardiac
stretch (NT-proBNP), typical of HFrEF, and the biomarkers of
inflammation, typical of HFpEF, such as endothelin-1 and
galectin-3, are well represented in the acute and chronic HF
setting.>*

Co-morbidities

The ESC Heart Failure Long-Term Registry showed a compara-
ble prevalence of non-cardiac co-morbidities in the three
LVEF groups,*° except for chronic obstructive pulmonary dis-
ease, renal, and hepatic dysfunction, which were more com-
monly associated with HFrEF.° Coronary artery disease
(CAD) is a leading aetiology of HF in both HFmrEF and HFrEF
patients, as compared with HFpEF.**%*3 HFmrEF patients are
less often diabetic and anaemic, with less frequent atrial fi-
brillation, lung disease, or chronic kidney disease (CKD) when
compared with HFpEF. HFmrEF is characterized by a higher
prevalence of atrial fibrillation, respiratory disease, and aortic
stenosis than HFrEF.2>*3% |n HFmrEF, the prevalence of CKD

is around 50%.% CKD has a prognostic role in all the three
LVEF categories, but the correlation with a mortality seems
stronger for the mid-range and reduced LVEF groups.*® This
could be explained by the tight connection between CKD
and a more advanced HF stage. In this scenario, both the
backward and forward haemodynamic failure and the neuro-
hormonal activation compromise the renal function, and CKD
in turn contributes to further cardiac deterioration. Similar to
CKD, the prognostic influence of diabetes mellitus on the
mortality seems greater in HFmrEF and HFrEF.>> On the con-
trary, AF has the same prognostic impact across all the EF
spectrum, with a similarly increased risk of death, HF hospi-
talization, and stroke/TIA, regardless of LVEF.*® An analysis
of a community-based prospective observational study has
shown a similar impact of co-morbidities regardless the LVEF
values with a linear increase in events rates with an increased
number of co-morbidities and with a major contribution of
anaemia, CKD, chronic obstructive pulmonary disease, diabe-
tes mellitus, and peripheral artery disease.”’

Outcomes

The ESC Long-Term registry and other studies’>® have shown
an intermediate rate of mortality at 1 year (7.6%) as com-
pared with reduced and preserved LVEF (8.8% and 6.4%, re-
spectively).® Most of the data show better outcomes for the
patients with HFmrEF, compared with those with HFrEF.
Event rates of the patients with HFmrEF are better than in
HFrEF and similar to those of the patients with HFpEF, above
all after adjustments for patients’ characteristics.®'%>° Yet
other studies have found similar rates of HF hospitalization
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Table 7 Summary of positive (1) and negative (|) effect of HF med-
ication on adverse outcomes (mortality and HF hospitalization) in
the HFmrEF

Study MRA ACE-i ARB Beta-blocker Diuretics Statin
Pitt et al. 1
TOPCAT®?

Xiang et al.®* 1

Fonarow et al. = =

OPTIMIZE-HF®®

Tsuji et al."® = = 1 ! =
Yusuf et al. 1

CHARM-

PRESERVED®®

Koh et al."® 1 1 1
Lund et al. 1

CHARM

programme®

ACE-i, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; MRA, mineralocorticoid receptor antagonist.

and survival between the three LVEF categories.” In the pres-
ence of CAD, HFmrEF group has higher all-cause death rates
at 3 years as compared with HFpEF, probably because of an
incomplete myocardial revascularization.’® In the in-hospital
setting, patients with HFmrEF have lower rates of in-hospital
death (2.6%) than preserved and reduced LVEF populations
(3.0% and 3.2%, respectively).'” Moreover, precipitating fac-
tors for HF decompensation vary by EF group and are inde-
pendently associated with clinical outcomes.’

Medical and non-medical treatment

Since the introduction of the new LVEF-based classification of
HF, several retrospective analyses have explored differences
in medication use and treatment response. In general, the
use of medication is comparable between HFmrEF and HFrEF.
The use of digoxin, angiotensin-converting enzyme inhibitors,
and angiotensin receptor blockers is higher in HFrEF, while
patients with HFpEF are more likely to receive calcium chan-
nel blockers.’®*"?° The proportion of patients on

Table 8 Pros and cons of an LVEF-based classification for patients

mineralocorticoid receptor antagonists has a wide range
(23-55%).%%2° Retrospective analysis of clinical trials and
observational studies has explored the effects of drugs and
devices in patients with HFmrEF. The results of landmark HF
trials stratified for LVEF are reported in Table 6; meanwhile,
the summary of the effect of the main HF therapies on out-
comes specifically in the HFmrEF population is reported in Ta-
ble 7. Spironolactone was associated with decreased
hospitalization rates in HF patients with LVEF >45%, with a
stronger benefit for the range of LVEF values from 45% up
to 50%.°>®7 HFmrEF patients benefit from spironolactone
treatment also in terms of improvement of NYHA class and
reduction of BNP and indices of myocardial fibrosis.®* Despite
some analyses of observational studies,*®® an analysis of
CHARM?® showed a reduction of HF hospitalization,®® mortal-
ity,’° and of the composite endpoint (cardiovascular death
and HF hospitalization)® with candesartan in the mid-range
LVEF category. Finally, the benefit of beta-blockers in this
population appears still unclear. While the OPTIMIZE-HF reg-
istry®® did not show a benefit from beta-blockers, other data
demonstrated a reduction in mortality in all the EF catego-
ries.*® Particularly, beta-blockers increase the LVEF for the
patients with LVEF <50% and reduce the CV death both in
HFrEF and in HFmrEF.%? The improvement of the prognosis
with beta-blockers is greater in specific subgroups, such as
HFmrEF with CAD.° Diuretics seem to have negative influ-
ence on the prognosis also in patients with HFmrEF.*® In spite
of HFrEF, digoxin does not significantly reduce HF hospitaliza-
tion rates in the HFmrEF population.®® The current evidence
for HFmrEF treatment has been summarized in a recent con-
sensus article. It states that candesartan and spironolactone
may be considered for ambulatory patients with symptomatic
HFmrEF in order to reduce the risk of HF hospitalization and
CV death and that beta-blockers may be considered in ambu-
latory patients with HFmrEF in sinus rhythm, to reduce all-
cause and cardiovascular death.®®

Recently, the PARAGON-HF has failed to demonstrate a
significant reduction of HF hospitalization and CV death with
Sacubutril/Valsartan in HF patients with LVEF >45%.°' The

with HFmrEF

Pros

Cons

Standardize the clinical approach

Standardize the care

The LVEF is a simple criterion to plan and design randomized trials
Acknowledgement of a subgroup with a specific bio-clinical
profile that is different

from HFrEF and HFpEF

Lack of other classifiers and targets that are

reproducible and/or treatable

Large mobility of patient with HF between

LVEF categories

Lack of consideration of the underlying HF aetiology
Poor information about the ventricular remodelling and/or
ventricular dyssynchrony

Intra-variability and inter-variability of the echo LVEF
measurement

Intrinsic limitations of LVEF alone

HFmrEF patient cohort is a heterogeneous population
with many phenotypes

Loss of prognostic power of LVEF proportionally to the
increase of LVEF values
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inconclusive results from TOPCAT (spironolactone in HFpEF)
will hopefully be soon corrected by the two ongoing
spironolactone in HFpEF trials (SPIRRIT-HFpEF and SPIRIT).”
Notably, across PARAGON-HF and TOPCAT, lower LVEF was
associated with improved outcomes. For PARAGON-HF, the
HR of the primary outcomes was 0.76 (95% Cl 0.63-0.92)
per 10% decrease in LVEF suggesting that in respect to neuro-
hormonal blocker therapy. In the same category of patients,
also Vericiguat did not show a change of NT-proBNP and of
left atrial volume ®°. Currently, one of the most interesting
area of research in the HF concerns the sodium glucose
cotransporter 2 inhibitors. Given the reduction of HF hospital-
izations and CV death with sodium glucose cotransporter 2
inhibitors in patients with type 2 diabetes mellitus regardless
of history of HF,’®”* the ongoing EMPEROR-Preserved, DE-
LIVER, and SOLOIST-WHF trials have the aim to study the ef-
fect of this drug category on the HF outcomes in patients
with LVEF >45%.

The rates of implanted implantable cardioverter defibrilla-
tor (ICD)/CRT-D in the three LVEF categories have a wide var-
iability.*>89192% Regarding the use of pacemakers, CRT,
and/or ICD, HFmrEF resembles more HFpEF.'° Specifically,
HFmrEF patients with improved or recovered LVEF have inter-
mediate rates of implanted pacemakers and/or ICD/CRT
when compared with HFrEF and HFpEF patients.*>*°

Conclusions

The new category of HFmrEF does not simply indicate an in-
termediate category between HFrEF and HFpEF but com-
prises a heterogenous population of patients with distinct
and heterogeneous prognostic profiles. Thus, HFmrEF repre-
sents a new area of investigation and future research. The
complexity of this population lies in the heterogeneity of its
clinical profile, prognosis, and the underlying pathophysiolog-
ical substrate. Before the current ESC guidelines, clinical trials
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