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Heart Failure With Low and Preserved Left 
Ventricular Ejection Fraction – are These Two Different 
Independent Diseases or One Disease, but at Different 
Stages of its Progression? How Does This Affect 
the Choice of Therapy and Its Effectiveness?

The article discusses the question of whether it is possible to conclude that any heart failure (HF), throughout the entire range 
of left ventricular ejection fractions (LVEF), is a single holistic disease, based on the «external» similarity of treatments for 
reduced (HFrEF) and preserved (HFpEF) LVEF, and that positioning HFpEF and HFrEF as separate independent diseases is 
not valid.
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Question
Treatment of patients with heart failure with reduced 

ejection fraction (HFrEF) and heart failure with preser­
ved ejection fraction (HFpEF) include almost the 
same recommended drugs: diuretics, sodium-glucose 
cotransporter type 2 (SGLT2) inhibitors, valsartan / sacu­
bitril (ARNIs), mineralcorticoid receptor antagonists 
(MRAs). Does this mean that any heart failure is a single 
holistic disease and the recognition of HFpEF as a separate 
independent disease is not eligible?

Answer
Two main concepts of the onset and development of 

CHF syndrome are currently discussed. According to the 
first concept, CHF is a spectrum of phenotypes on different 
tracks of a single process without categorizing patients to 
independent phenotypes HFrEF and HFpEF [1]. The 
disease starts with the loss of some healthy cardiomyocytes 
(more often in myocardial infarction) and is accompanied 
by cardiac remodeling with a gradual reduction in left 
ventricular ejection fraction (LVEF) as a longitudinal 
unifying hemodynamic indicator and, which is crucial, a 
compensatory reaction of neurohumoral systems. At the 
same time, the neurohormonal hyperactivation is considered 
the main driving force for the development of heart failure. 
Another concept offers two pathogenetically independent 
phenotypes of CHF: HFrEF and HFpEF [1]. The mechanism 
of HFrEF corresponds to the first concept, and the HFpEF 

phenotype develops in a different way. The root cause of 
HFpEF is not the partial loss of the functioning myocardium, 
but a low-intensity pro-inflammatory condition affecting 
the myocardium and inherent with comorbidities such as 
obesity, diabetes, arterial hypertension with LV hypertrophy, 
chronic obstructive pulmonary disease (COPD), chronic 
kidney disease (CKD), etc. The driving force of the process 
is low-intensity inflammatory damage to cardiomyocytes 
and excessive collagen deposition in the intercellular space 
(myocardial fibrosis), which collectively leads to increased 
chamber stiffness, the development of diastolic dysfunction 
and a typical clinical picture of CHF. At the same time, 
neurohumoral activation makes minimal contribution in the 
development of heart failure, which is usually limited only by 
excess aldosterone (Table 1).

Thus, when choosing pathogenesis-based therapy 
for patients with dyspnea, edema, etc., we deal with 
fundamentally different concepts: neurohumoral response 
in HFrEF and inflammatory / fibrous process in HFpEF. So 
the obvious question is why an externally similar therapy is 
recommended in both cases?

The similarity is in fact only external. The 2022 
AHA / ACC / HFSA guidelines [2] stipulate that the 
treatment of patients with HFrEF (LVEF < 40 %) is based 
almost exclusively on the redundancy of the neurohumoral 
response (central figure). All neurohumoral modulators of 
the renin-angiotensin-aldosterone system (RAAS), including 
angiotensin-converting enzyme (ACE) inhibitors, angiotensin 
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receptor blockers (ARBs), ARNIs (valsartan / sacubitril), 
and sympatho-adrenal system blockers (beta-blockers, BB) 
and MRAs are highly effective and reduce all cardiovascular 
indicators and all-cause mortality (class I, level of evidence A).

The treatment of patients with HFpEF (LVEF > 50 %) 
based on the neurohumoral concept does not look so rousing 
and convincing. ACE inhibitors and BB are not mentioned 
at all for lack of evidence of their efficacy, ARNIs and MRAs 
are only class IIb with a low level of evidence. We are talking 
here about the composite primary endpoint (cardiovascular 
death + hospitalization for decompensated CHF) rather than 
separate cardiovascular mortality and even all-cause mortality, 
as for patients with LVEF < 40 %. SGLT2 inhibitors stand out 
as they are quite effective in patients with HFrEF and HFpEF. 
However, they have the highest class and level of evidence IA 
only for HFrEF and only IIA for HFpEF1. It should be added 
that none of the therapies recommended for HFpEF had no 

1 By the time when this article was published, the 2023 Focused Update of the 
ESC Guidelines for the diagnosis and treatment of heart failure for patients with 
HFpEF [3] came out, in which SGLT2 inhibitors were assigned the level and class 
of evidence IA instead of IIA as in the previous version. This change is associated 
with more than convincing results of the DELIVER study of dapagliflozin in patients 
with CHF and LVEF > 40 % [4] and the findings of the EMPEROR preserved study 
of empagliflozin [5] allowed increasing the class and level of SGLT2 inhibitors in the 
treatment of HFpEF.

Table 1. Morphological and neurohumoral 
differences underlying the pathogenesis of heart 
failure with reduced ejection fraction and heart 
failure with preserved ejection fraction

Parameters LVEF ≥ 50 % 
(HFpEF)

LVEF < 50 % 
(HFrEF)

Pathogenetic 
mechanisms MS inflammation Cardiomyocyte  

death

LV structure/function

LV volume ↔ ↑

Wall thickness ↑ ↔

Remodeling Concentric Eccentric

LVEF ↔ ↓

LV stiffness ↑ ↓

Hormone activation

RAS +/– +++

SAS +/– +++

NUP +/– +++

Aldosterone ++ +++

Fibrosis Interstitial/reactive Focal/replacement

LVEF, le� ventricular ejection 
fraction; SGLT2, sodium-glucose 
co-transporter type 2; MC�, 
mineral corticoid receptor antagonist; 
ARB, angiotensin receptor blocker; 
ARNI, angiotensin receptor-neprilysin 
inhibitor; ACE, angiotensin-
converting enzyme; 
NYHA, New York Heart Association.

HFrEF: LVEF< 40 % HFpEF: LVEF > 50 %

Diuretics if necessary
Class I

SGLT2 inhibitors
Class I

SGLT2 inhibitors
Class IIA

ARNIs
Class IIB

M�s
Class IIB

ARBs
Class IIB

Characteristic of HFrEF:
1) All neurohumoral modulators – class I
2) SGLT2 inhibitors – class I
3) For all neurohumoral modulators – 
a reduction in all-cause mortality was shown

1) 1) No ACE inhibitors and BBs
2) ARNIs, M�s – class IIB
3) SGLT2 inhibitors – class IIA
4) In EF > 65 % – insigni�cant
5) Proven for the reduction in the risk of the primary endpoint [cardiovascular death + 
hospitalization for CHF]; not proven separately for cardiovascular death
6) ↓ Reduction in all-cause mortality – not proven for anyone

Characteristic for HFpEF:

M�s
Class I

Beta-blockers
Class I

ARNIs in NYHA II-III; ACE inhibitors 
or ARBs in NYHA II-IV

Class I

Diuretics if necessary
Class I

Central illustration. Fundamental similarities and differences in the recommended treatment of heart failure for patients with reduced 
(≤ 40 %) and preserved (≥ 50 %) left ventricular ejection fraction in accordance with the 2022 AHA/ACC/HFSA guidelines [2]
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significant direct positive effect on the prognosis for patients 
with LVEF > 60–65 %.

Thus, despite some similarities in the treatments, the 
differences in efficacy are more obvious, which does not 
confirm the concept of CHF being a single holistic disease 
and rather speaks in favor of the concept of two independent 
phenotypes of CHF.

Nevertheless, what may be the reason for the identified 
similarities and differences in the treatment responses? In 
particular, how to explain some success of classical neuro­
humoral modulators (ARNIs, ARBs and MRAs) in patients 
with inflammatory / fibrotic HFpEF, and what is the 
phenomenon of SGLT2 inhibitors, which are effective in all 
phenotypes of CHF? First, given the heterogeneity of HFpEF 
origin, the presence of a neurohumoral component in the 
development of the disease cannot be excluded in all patients 
with LVEF > 50 %, which explains some partial positive effect 
if ARNIs and ARBs in at least within LVEF up to 60–65 %.

Second, myocardial fibrosis, both interstitial in HFpEF 
and focal inherent with HFrEF, is sensitive to MRAs. Third, it 
was proved with regard to the SGLT2 inhibitor phenomenon 
that they had their own hemodynamic and neurohumoral 
effects [6, 7] and the ability to directly positively affect 
cardiomyocytes, which is extremely important in myocytic 
deficiency associated with HFrEF and microinflammation 
and reactive interstitial fibrosis in HFpEF. Due to the 
activation of intracellular processes of autophagy, gliflozins 
build resilience of cardiomyocytes to oxidative stress and 
provide favorable conditions for the repair of damaged cellular 
organelles; mobilize the heart cell energy resources lost 
during the pathological process by restoring the suppressed 
processes of mitochondrial respiration [8, 9]. The unique 
dual mechanism of action allows gliflozins to effectively 
work both in the neurohumoral storm setting and on the 
inflammatory / fibrotic track of the disease development. It 
is not surprising that SGLT2 inhibitors are listed first in the 
recommendations for the treatment of both HFrEF and 
HFpEF.

This dualism also applies to ARNIs, yet to a lesser 
extent: valsartan present in the molecule of this complex 
provides neurohumoral modulation, which is more in 
demand in HFrEF, and neprilysin inhibitor sacubitril 
enhances neurohumoral support and produces the anti-
inflammatory / antifibrotic effect necessary for HFpEF.

In other words, patients with HFrEF are in more 
need of neurohumoral effects, and patients with inflam­

matory / fibrotic HFpEF require anti-inflammatory and 
antifibrotic effects inherent with these drugs to varying 
degrees.

Although the concept of two independent phenotypes of 
CHF (neurohumoral phenotype characteristic of HFrEF and 
inflammatory / fibrous phenotype characteristic of HFpEF) 
is very convincing, there is one contradiction that requires 
a special explanation: neither neurohumoral modulators, 
including ARNI, nor SGLT2 inhibitors were shown to be able 
to reliably affect the prognosis for CHF patients with LVEF > 
60–65 % [10].

This fact became a stumbling block for both concepts of 
CHF development and the subject of a more detailed study. 
One of the popular explanations is that the neurohormonal 
influence in the pathogenesis of CHF extends above the level 
of LVEF 50 %, but gradually decreases with higher LVEF 
and disappears at LVEF > 60–65 % [10]. The contribution 
of the inflammatory / fibrotic mechanism, on the contrary, 
gradually increases and becomes predominant in LVEF > 60–
65 %, changing the hemodynamic relief of the heart function, 
which requires a different therapeutic approach and drugs 
with a different mechanism of action to be considered. What 
actually goes on with hemodynamics and the heart in patients 
with CHF and LVEF beyond > 60–65 % is the subject of 
heated discussions and more detailed studies [11]. But it is 
this view of the changes in the efficacy of conventional CHF 
therapy along the entire track of LVEF that further leads 
experts to the conclusion that it is necessary to redefine the 
absolute role of LVEF as a comprehensive longitudinal factor 
of heart failure in general and the need to shift to the right of 
its norm up to 60–65 %, in particular [10]. A detailed review 
of opinions on the normal values of LVEF has been published 
in our journal in issue #6 of this year [12].

It should be noted in conclusion that the analysis of the 
recommended therapy for patients with HFrEF and HFpEF 
showed that there are more differences than similarities, but 
most importantly, these differences being of pathogenetic 
nature are deeper in meaning. The question posed revealed a 
more significant problem – the one of modern understanding 
of the very nature of heart failure syndrome, specific 
developmental mechanisms, and the role of LVEF in the 
diagnosis and ranking of patients with CHF.
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