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Abstract: Heart failure (HF) diagnosis, phenotyping, prognosis, and treatment decisions are all
based on the left ventricular ejection fraction (EF). Heart failure with mid-range EF (HFmrEF) is a
third EF category for heart failure with an EF between 40 and 49 percent. Comparatively, heart fail-
ure with preserved EF or reduced EF has been largely unexplored. 10-25% of patients with HF have
HFmrEF. Although HFmrEF has an intermediate clinical profile, it is more similar to HF with re-
duced EF, particularly because these patients have a high incidence of ischaemic heart disease. Heart
failure with preserved EF has a lower risk of cardiovascular events than heart failure with reduced
EF, which is milder. HFmrEF and HF with preserved EF patients have a similar or higher risk of
non-cardiovascular adverse events than patients with HF with reduced EF. There is still a great deal
of mystery surrounding HFmrEF. The purpose of this review is to describe the major pathophysiol-
ogy of HFmrEF and its similarities and differences with the other two types of EF. It is the purpose
of this paper to present a comprehensive overview of the currently available evidence in support of
the pathophysiology of patients with HFmrEF. Further investigation of the pathophysiology, treat-
ment, and prognosis of this condition will be needed in the future in order to better understand it.
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1. Background

Heart failure (HF) is becoming a global pandemic, and its prevalence is increasing
rapidly. An ageing population and improved survival rates after myocardial infarctions
are a few of the factors contributing to the growing prevalence of HF [1-4], as well as
improved treatments for patients suffering from the condition. Due to this, there has been
an increase in the number of hospitalizations and costs associated with heart failure [5,6],
with HF costs reaching US$30.7 billion in 2012, of which more than two-thirds are directly
related to medical costs, and projections suggest that by 2030, these costs will have in-
creased by 127% [7]. While effective therapies are available for patients suffering from
heart failure, the prognosis of such patients remains poor [8]. According to various popu-
lation-wide registries, the average 1-year mortality rate in patients with heart failure is 10
to 35%, and it is significantly higher in the case of individuals who have advanced HF [9-
12].

In HF diagnosis, characterization, prognosis, patient triage, and treatment selection,
the left ventricular ejection fraction (EF) is generally measured by echocardiography. Us-
ing advanced multivariable analytics (such as machine learning and phenotyping meth-
ods) and other parameters for survival calibration and discrimination has shown better
accuracy than EF alone [13]. However, without a doubt, EF remains one of the most im-
portant parameters for defining HF disease and for determining eligibility to participate
in clinical trials for HF. There might be some relevance in the data described in this Review
for clinicians and for clinical trial lists until better measurements than the EF are available
that meet all of the needs for HF characterization [6, 14-16].
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A condition known as Heart Failure with Reduced EF (HFrEF) is characterized by a
reduced EF under 40% and there are effective therapies available for the treatment of pa-
tients with this condition. It has long been understood that the term HF with preserved
EF (HFpEF) is used to describe patients who present with HF symptoms as well as a pre-
served EF, a value which is typically defined as >50% or 250%. Currently, there have been
no clinical trials that have demonstrated a clear benefit from therapy for patients with
these conditions [17]. In the 2016 European Society of Cardiology guidelines, there was an
introduction of a new HF type called heart failure with mid-range ejection fraction
(HFmrEF), defined as an HF with an EF between 40 and 49% (figure 1) and designed to
facilitate research in this EF range that is less well investigated than HFrEF and HFpEF

[61.
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Figure 1. Heart Failure and Ejection fraction.

2. Epidemiology

There is a wide range of estimates regarding the proportion of HFmrEF in the overall
HF population, ranging from 10 to 25% [18-24]. It was found that the incidence rate of
HFmrEF in a large community-based longitudinal cohort free of HF and followed for
more than 10 years was 6.7 cases per 10,000 person-years, which compares to 26.9 and 34.9
cases per 10,000 person-years in HFpEF and HFrEF, respectively [22]. Across a range of
EFs, there was no real difference in the predictors of incident HF other than a few excep-
tions [22]. As shown in the European HF LT Registry (ESC-HF-LT) in which 24% of the
cohort had prevalent HFmrEF, and in the Swedish HF Registry (SwedeHF) where 21% of
the cohort had prevalent HFmrEF [20, 21]; both of these registries had rates of prevalent
HFmrEF ranging from 33% to 49%. Asian, Australian, and American registries reported
slightly lower rates in their respective registries [18, 19, 23]. Last but not least, in the world
of RCTs, specifically within the CHARM population, 17% of individuals were found to
have HFmrEF [25].
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3. Clinical characteristics of HFmrEF

There was a debate about which was the most appropriate matching for the newborn
category as a consequence of the introduction of HFmrEF into the spectrum of HF pheno-
types, and it became an essential question. Although it might seem obvious to define
HFmrEF as being the intermediate phenotype, this approach has not been supported by
the available evidence, which in fact highlights the difficulties in setting HFmrEF in a pre-
cise scenario [26]. In terms of clinical characteristics, it has been suggested that HFmrEF is
closer to HFpEF than they are to HFPEF in previous studies [27, 28].

According to the Organized Program for Initiating Lifesaving Treatment in Hospi-
talized Patients with Heart Failure (OPTIMIZE-HF) study, patients who are borderline
with EF have features that are similar to those found in the HFpEF population, in partic-
ular when it comes to their age, the presence of systemic hypertension, and the presence
of atrial arrhythmias. However, they have intermediate characteristics regarding gender
and ischemic causes [27].

It was also found that age, arterial blood pressure, atrial fibrillation, diabetes, chronic
obstructive pulmonary disease (COPD), and chronic obstructive pulmonary disease (AD-
HERE), in the Acute Decompensated Heart Failure Registry (ADHERE), which extended
the borderline EF limit to 55%, were comparable to HFpEF, while again gender and is-
chemic etiology were intermediate [28].

A study published by Get With The GuidelinesHeart Failure (GWTG-HF) Registry
recently reported that borderline EF had characteristics which were more similar to those
of high-risk EF [29], however, this trend changed in studies published later, showing that
HFmrEF had more characteristics similar to those of high-risk EF [20, 21].

This study provided a comprehensive assessment of the characteristics of the HF
population in Europe based on the ESC-HEF-LT study. Many of the characteristics of
HFmrEF are similar to those of HFrEF in that the patient is younger, male, ischemic in
origin, and has a lower prevalence of atrial fibrillation. In comparison to the other pheno-
types, patients with HFmrEF had a lower degree of comorbidity, were less likely to receive
diuretics, and were less likely to be symptomatic than those with HFmrEF. A possible
explanation for HFmrEF is that it is associated with a milder stage of HFrEF, or rather that
it is an early stage of HFrEF that has recovered [20, 30].

One thousand and three hundred and twenty-two patients with HFmrEF were re-
cruited through the CHARM program, and the most common characteristics of these pa-
tients with HFmrEF were, in general, similar to those of patients with HFrEF, including
their age, systolic blood pressure, prevalence of females, history of myocardial infarction
and atrial fibrillation [25].

There were more than 9,000 patients in the SwedeHF Registry with HFmrEF whose
systemic blood pressure and the prevalence of atrial fibrillation were more similar to that
of patients with HFpEF, but many other factors such as age, chronic kidney disease, dia-
betes mellitus, and ischemic etiology were more similar to those found in HFrEF [21].

HFmrEF showed a higher proportion of females than HFpEF, but was somewhat
similar to HFrEF when it came to gender distribution between males and females [31].

4. Ischemia and Heart failure

When HFmrEF is seen as a mild manifestation of HFrEF, the underlying ischemic
etiology plays an important role in how it is interpreted. Ischemic heart disease has been
shown to be a common occurrence in people with HFrEF, and HFmrEF has also been
found to have a similar prevalence [19, 24, 32].

The crude prevalence of ischemic heart disease, as well as the adjusted prevalence,
appears to be comparable between the two phenotypes, and HFmrEF patients were ex-
posed to a risk of new ischemic cardiac events similar to that of HFrEF, but significantly
higher than that of HFpEF [33].

5. Pathophysiology of HFmrEF
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In accordance with the findings of recent studies, the pathophysiology of HFrEF and
HFpEF is distinct from one another [34]. In general, patients with HFrEF are characterized
by severe systolic dysfunction, and those with HFpEF by severe diastolic dysfunction.
However, there may be some degree of overlap between the two conditions. There was a
modest bimodal distribution of LVEF among patients hospitalized for HF in the OPTI-
MIZE-HF study [27] as well as in other studies [35], which suggests that there are two
distinct disease processes associated with HF. However, there is no definitive understand-
ing of HFmrEF's underlying pathophysiology, just as there is for HFpEF. The guidelines
of the European Society of Cardiology (ESC) suggest that patients with HFmrEF probably
have mild systolic as well as diastolic dysfunction [6]. One of the most important ques-
tions that must be asked is whether HFmrEF is itself a clinical syndrome or if patients with
HFmrEF are in some way in transition between HFrEF and HFpEF when they have
HFmrEF.

In contrast to those with HFrEF and HFpEF, those with HFmrEF seem to be experi-
encing HF etiology less frequently than those with HFrEF and HFpEF. There is evidence
to show that CAD contributes to HF in a smaller percentage of HFrEF patients than in
HFpEF patients, but they are closer to HFpEF patients in terms of the rate at which CAD
contributes to HF. It is noteworthy, however, that CAD was the primary cause of heart
failure in 56.5% of patients in the HFmrEF study, and 27.8%, 8.3%, and 7.4% of the HF
etiologies in this group were caused by hypertensive heart disease (HHD), dilated cardi-
omyopathy (DCM), and valvular heart disease, respectively [24]. There was a similar dis-
tribution of HHD between patients with HFrEF and those with HFpEF; however, patients
with HErEF had a higher percentage of HHD contributing to their condition. This study
evaluated longitudinal transitions between the HF groups in an ambulatory Japanese
population as part of the CHART-2 study [19], which also evaluated the prevalence of HF
among different groups of patients. As a result of three years of follow-up, it was found
that 45% of patients with HFmrEF underwent a dynamic transition to HFpEF as well as
21% who underwent HFrEF, while only 34% remained as HFmrEF [19]. In contrast, for
the HFpEF and HFrEF groups, clinical classifications in their original HF groups retained
88% and 53%, respectively, indicating that these two clinical syndromes are distinct from
each other and should be considered separately. Moreover, the term HFmrEF may also be
used to encompass patients who are in the process of transitioning from one to the other.
This transition or lack thereof may be influenced by CAD, and cardiac comorbidity. Com-
pared to those with HFrEF, patients with HFpEF decline their LVEF more rapidly when
CAD is present than those with HFrEF, while CAD does not significantly decrease their
LVEF when CAD is present in those with HFrEF [36].

Systolic dysfunction and diastolic dysfunction have traditionally been attributed to
HFrEF and HFpEEF, respectively. The overlap between the two conditions is becoming in-
creasingly apparent as research progresses. We have a limited understanding of HFpEEF,
despite the existence of numerous pharmacologic interventions that have shown effec-
tiveness in patients with HFrEF [37-44].

In similar fashion, HFmrEF's pathophysiology is poorly understood. The results of
this study were further investigated using echocardiographic data obtained from the
TIME-CHEF project [24]. As HFpEF progressed to HFmrEF, this cohort's left ventricular
cavity dimension progressively increased, while HFrEF exhibited gradual decreases in
systolic function parameters. Every group had elevated filling pressures at the left ventri-
cle in all of these studies. A significant amount of hypertrophy of the left ventricle was
also observed in all three groups. Compared to the HFrEF group, there was a greater de-
gree of eccentric hypertrophy in the HFpEF group, and a lesser degree of focal remodeling
in the HFmrEF group. There were no significant differences between the two groups when
it came to diastolic dysfunction [24].

Based on NT-proBNP as a biomarker, the levels of this enzyme are elevated in pa-
tients with HFpEF to a similar extent, and the levels in these patients are much higher
than those with HFpEF, from a biomarker perspective [24]. The serum creatinine and tro-
ponin T levels for patients with HFmrEF and HFrEF are similar when compared to those
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with HFpEF, with HFmrEF and HFrEF both showing higher levels when compared to
HFpEF [24]. On the other hand, patients with HFmrEF tend to show higher levels of cys-
tatin C and lower levels of hemoglobin than do patients with HFpEF [24].

In a study conducted by Tromp et al [45], many biomarkers were evaluated across a
wide range of ejection fractions, all of which were associated with pathophysiological do-
mains (Figure 2). HFrEF patients were found to have a profile that appears predominantly
to be related to cardiac stretch, while HFpEF patients were found to have cardiac inflam-
mation, while HFmrEF patients were found to have both cardiac stretch and inflammation
[45].
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Figure 2. Biomarkers of HFmrEF. BNP: brain natriuretic peptide; ESAM: endothelial cell-selective
adhesion molecule; ET: endothelin; GDF: growth differentiation factor; NGAL: neutrophil gelati-
nase-associated lipocalin; NT-proCNP: N-terminal pro-C-type natriuretic peptide; PCT: procalci-
tonin; PIGR: polymeric immunoglobulin receptor; ProADM: pro-adrenomedulin; PSAP-B: prosa-
posin B; RAGE: receptor for advanced glycation end product; TNF-R1la: tumor necrosis factor-re-
ceptor 1 a; VEGF-R1: vascular endothelial growth factor-receptor 1; MPO: myeloperoxidase; LTBR:
lymphotoxin beta receptor; TROY: Tumor necrosis factor receptor superfamily member 19; KIM:
kidney injury molecule; WAP4C: WAP 4-disulphide core domain protein HE.

A cohort of patients with HFmrEF was found to have cardiac troponin values that
were in the middle of the range of cardiac troponin values for patients with HFrEF and
HFpEF in the SHOP (Singapore Heart Failure Outcomes and Phenotypes) cohort [46].

HFpEF and HFmrEF patients showed similar neuroendocrine profiles in terms of
signaling, with higher neurohormone levels in the HFrEF group, including NTproBNP,
renin to aldosterone ratio, aldosterone, and norepinephrine than in the HFpEF group [47].

According to Pugliese et al., exercise intolerance was predominantly the result of pe-
ripheral factors (arterial-venous oxygen content difference) in patients with HFpEF and
HFmrEF, whereas intolerance was a result of low stroke volume increases among patients
with HFrEF [48].

6. Conclusive Statement

HFmrEF has now been defined in a more comprehensive and comprehensive manner
according to the professional guidelines, which has helped us to fully understand the het-
erogeneous pathophysiology profile and similarly poor outcomes of these patients. It is a
comparison between this group and the other HF groups. It may be beneficial to begin the
treatment of neurohormonal blockade early if this is otherwise indicated, in addition to
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close clinical monitoring and aggressive management of comorbidities, including coro-
nary artery disease.
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