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Abstract: Sacubitril/valsartan (S/V) is a pharmaceutical strategy that increases natriuretic peptide
levels by inhibiting neprilysin and regulating the renin-angiotensin-aldosterone pathway, blocking
AT1 receptors. The data for this innovative medication are mainly based on the PARADIGM-HF
study, which included heart failure with reduced ejection fraction (HFrEF)-diagnosed patients and
indicated a major improvement in morbidity and mortality when S/V is administrated compared
to enalapril. A large part of the observed favorable results is related to significant reverse cardiac
remodeling confirmed in two prospective trials, PROVE-HF and EVALUATE-HF. Furthermore,
according to a subgroup analysis from the PARAGON-HF research, S/V shows benefits in HFrEF
and in many subjects having preserved ejection fraction (HFpEF), which indicated a decrease in
HF hospitalizations among those with a left ventricular ejection fraction (LVEF) < 57%. This review
examines the proven benefits of S/V and highlights continuing research in treating individuals with
varied HF characteristics. The article analyses published data regarding both the safeness and efficacy
of S/V in patients with HF, including decreases in mortality and hospitalization, increased quality
of life, and reversible heart remodeling. These benefits led to the HF guidelines recommendations
updating and inclusion of S/V combinations a key component of HFrEF treatment.

Keywords: sacubitril/valsartan; mortality; morbidity; heart failure; ejection fraction

1. Introduction

Heart failure (HF) is a prevalent disease these days, having a variety of etiologies. This
syndrome involves the ventricle’s structure and function and affects patients’ quality of
life, which means that work capacity, effort tolerance, sleep and psychosocial profile are
altered. Even though HF is debilitating, and deadly, continuous research has developed
more effective therapies. HF is the final stage of most types of heart disease. As a result,
established risk factors play a crucial role in developing HF. High blood pressure, metabolic
syndrome, low physical activity, dyslipidemia, and smoking [1,2] have all been tied to
incident HF, either through coronary disease [3] or through conditions associated with HF,
such as type 2 diabetes mellitus (T2DM) [4], chronic kidney disease [5] or overweight [6],
which are widely known to be implicated in the genesis of HF via multiple pathways. HF
describes symptoms and signs caused by cardiac abnormalities. HF most used terminology
is the left ventricular ejection fraction (LVEF). HF with preserved ejection fraction (HFpEF)
is described as HF with normal LVEF (≥50%) and HF with reduced LVEF (≤40%) as HF
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with reduced ejection fraction (HFrEF). Subjects that are HF-diagnosed, also having an
LVEF of 40 to 49%, are known to have mildly reduced ejection fraction (HFmrEF) [7–9].

Decompensated heart failure (DHF) can be defined as an exacerbation of a chronic HF
or an acute condition [10]. DHF usually appears in patients pre-diagnosed with HF and is
characterized by signs and symptoms that are not tolerable and imply rapid therapeutic
intervention [11]. However, DHF can arise de novo when it is triggered, among other causes,
by complications of acute myocardial infarction (e.g., rupture of the chordae tendinae, acute
mitral regurgitation, etc.), pulmonary embolism, and arrhythmias. This type of DHF is also
known as acute heart failure (AHF).

The persistent burden of HF has lately been highlighted by data on cardiovascular
mortality in the United States [12,13]. HF is significantly more common in older age
groups, with a prevalence of 4.3% among 65–70 year-olds, and is expected to rise rapidly
until 2030 when the incidence of HF might reach 8.5%. HF is usually included in elderly
cardiovascular syndromes, which have a built-in burden of multiple chronic conditions
and frailty, considerably exacerbating the disease’s personal and social costs. In addition,
people of color with HF, especially women, have a disproportionately high impairment
rate [14].

The New York Heart Association categorizes the relationship between dyspnea symp-
toms and physical activity: class I: no symptoms; class II: minor symptoms when engaged
in regular physical activity; class III: patients still have no symptoms at rest but occur at
a lower-than-normal activity; and class IV: extreme breathlessness even when patients
are resting.

Drug therapy is gradually introduced according to the symptoms and stages of HF.
Stage A (high risk, no symptoms) focuses on treating risk factors and comorbidities. Stages
B (structural heart disease, symptoms missing) and C (structural heart disease, positive
symptoms) require drug therapy. If bundle branch block is present, it should be considered
cardiac resynchronization; if acute myocardial infarction is a problem, revascularization
(PCI and CABG) must be performed. Finally, refractory symptoms require intervention
in stage D: VAD (ventricular assisted device) and transplantation. Since neurohormonal
involvement in HF has been recognized, there has been increased attention to the renin-
angiotensin-aldosterone pathway (RAAS) and sympathetic activation. Thus, by suppress-
ing the two, a decrease in mortality and rehospitalizations was demonstrated; moreover,
some beta-blockers (BB) (carvedilol, nebivolol, prolonged-release metoprolol, bisoprolol)
have also been shown to improve left ventricular function. Drug classes such as min-
eralocorticoid receptor antagonists (MRAs), angiotensin-converting enzyme inhibitors
(ACEI)/angiotensin receptor blockers (ARBs) showed improved prognosis when com-
bined [15–18].

Since the 2000s, a new range of drugs has been introduced in HF therapy [19–22],
some of them having a spectacular evolution in terms of formulation [23]. A relatively
new drug class that has made its presence felt in cardiology is co-transporter 2 (SGLT2)
inhibitors, which has been proven as being effective in treating HFrEF, even if patients
do not have DM; thus, doctors are encouraged to add this class of drugs (if they are not
contraindicated or intolerated) to the treatment plan, among a beta-blocker ACEI, MRA,
and an Angiotensin Receptor-Neprilysin Inhibitor (ARNI), to diminish the cardiovascular
death risk or exacerbating HF. ARNI is known as combination of sacubitril and valsartan.

Sacubitril and valsartan (S/V) formed this new drug class—ARNI, because ACEI and
sacubitril combined produced significant angioedema. Neprilysin is an endopeptidase that
degrades natriuretic peptides (NPs) and other endogenous vasoactive peptides. Sacubitril
inhibits neprilysin, which raises the quantities of these peptides, and counteracts the oppo-
site effect of neurohormonal overactivation [24]. The clinical efficacy of ARNI in HFrEF was
proven in the prospective comparison of ARNI with ACEI to determine impact on global
mortality and morbidity in HF (PARADIGM-HF) trial published in 2014 [25]. Experimental
investigations have shown that inhibiting the RAAS and neprilysin simultaneously can
reduce neurohormonal activation [26]. ACEI alone was inferior to ARNI in decreasing the
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hospitalization and the risk of death, in patients diagnosed with HFrEF in a double-blind
large RCT [27].

MiRNAs are small molecules that can be identified at the blood level and are potential
biomarkers to monitor in cardiovascular pathology, more precisely in heart failure [28].
These molecules are involved in cardiac adaptation processes. Some mechanisms involved
in damaging the heart are fibrosis, hypertrophy, and apoptosis. These alterations at the
cardiac level correspond to changes at the molecular level, so it is possible that in the future
these genes will also be used as therapeutic targets. Published data [29] showed that ARNI
increases the level of miRNA-18 and miRNA-145, which offers some protection against
myocardial remodeling and oxidative stress at the cardiomyocyte level. Increased levels
of miRNA-181 are associated with myocardial hypertrophy and fibrosis. ARNI has been
shown to reduce the level of miRNA-181 [29].

In patients who have a poor therapeutic effect of cardiac resynchronization therapy
with defibrillator (CRTd) and a worse prognosis, ARNI leads to significant improvement
in clinical symptoms, cardiac pump, and reduction in NYHA class [29]. These effects
ARNI-induced in CRTd patients lead to reduction in hospitalizations [29]. Notably, these
effects are due to the regression of reverse cardiac remodeling via the modulation of
microRNAs expression [29]. Indeed, the microRNAs are implied in the control of cardiac
adaptive processes in CRTd patients [28], ARNI already being a common practice for HFrEF
patients [25,30–32].

This study would like to present the modern therapeutic options, adapted according to
the pathophysiological mechanism of the diseases, in HFrEF and HFpEF, and to emphasize
the role of sacubitril/valsartan in heart failure therapy based on the data provided by
the large trials. The review also aims to raise awareness to the medical public, starting
from the general practitioner to the cardiologist, about the benefits of inclusion of S/V in
the complex management of HF that led to its inclusion in the cardiology guidelines for
heart failure.

2. The Pathophysiology of Heart Failure

Cardiac dysfunction, both structural and functional, causes decreased cardiac output
and increased intracardiac pressures, which dictate the signs and symptoms of HF [7].
Cardiac injury, including myocyte cell loss, myocardial deformity, fibrosis, LV gradual
dilation, and changes in ventricular shape, leads to cardiac remodeling, an imbalance
in the demand/supply of oxygen from the heart, and altered contractility. In addition,
arrhythmias also cause loss of heart pump function and systolic dysfunction [33]. Moreover,
vasoconstrictor, pro-thrombotic and pro-inflammatory factors also contribute to cardiac
injury, by altering diastole (both atrial and ventricular), so relaxation and filling of the
cavities are no longer possible [34].

Considering only the ejection fraction, HF was divided into two major categories:
HFpEF and HFrEF, which helped to make the diagnosis more accessible to establish the
therapeutic course as quickly as possible, having an essential predictive value. Besides the
two categories which consider EF < 40% and > 50%, a third category should be mentioned
(that covers the gray area of 40–50%), namely HFmrEF. When more than one variable is
considered, research has shown that myocardial dysfunction can be global, both systolic
and diastolic, and that fibrosis, cardiomyocyte cell loss, oxidative stress, and coronary heart
disease contribute at the onset of HF too. Moreover, the negative involvement of the RAAS
in varying degrees in both types of HF has been shown, but the NPs counteracts the effects
of RAAS by vasodilation, decreased wall thickness and inflammation of the heart, but also
by its action on the nervous system [35]. Figure 1 demonstrates the relationship between
the mechanisms described and HFrEF occurrence.
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quately. Most of the time, HFpEF is associated with other chronic diseases, which can lead 
to its aggravation, and implicitly to an increase in the hospitalization rate. Non-cardiomy-
ocytes are made up of about 60% endothelial cells, and endothelial dysfunction, which 
can be recognized early in cardiovascular disease, being less common in HFrEF vs. 
HFpEF. Several adaptive mechanisms can cause endothelial dysfunction in response to 
low cardiac output, such as vasoconstriction, nitric oxide imbalance, enhanced oxidative 
stress, neurohormonal activation and energy bioavailability [36]. Figure 2 illustrates the 
pathophysiology of HFpEF. 

Figure 1. Pathophysiology of heart failure with reduced ejection fraction.

Evidence-based therapy improves symptoms and prognosis in HFrEF, and less in
HFpEF. These variations underscore the importance of understanding the pathophysiologi-
cal differences between HFrEF and HFpEF, which may influence therapeutic targets. The
rising incidence and high mortality rates are standard features of both. It has been noticed
that differences in giant spring titin, fibrosis, endothelial malfunction, and inflammation, as
well as cardiomyocyte hypertrophy and apoptosis, vary in HF pathology. Cardiomyocyte
hypertrophy, intercellular fibrosis, abnormal cardiomyocyte relaxation, and inflammation
are all characteristics of HFpEF, resulting in the LV’s inability to relax adequately. Most of
the time, HFpEF is associated with other chronic diseases, which can lead to its aggravation,
and implicitly to an increase in the hospitalization rate. Non-cardiomyocytes are made
up of about 60% endothelial cells, and endothelial dysfunction, which can be recognized
early in cardiovascular disease, being less common in HFrEF vs. HFpEF. Several adaptive
mechanisms can cause endothelial dysfunction in response to low cardiac output, such as
vasoconstriction, nitric oxide imbalance, enhanced oxidative stress, neurohormonal activa-
tion and energy bioavailability [36]. Figure 2 illustrates the pathophysiology of HFpEF.
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3. Diagnosis of Heart Failure and Types of Heart Failure

The HF presence is suggested by various signs and symptoms such as shortness
of breath, cough, disrupted sleep, exercise intolerance, edema, and fatigue; in addition,
displacement apex shock and increased jugular venous pressure may also be present. How-
ever, these variables are not always sufficient for the definite diagnosis of HF, because they
can appear in other disorders as well (i.e., kidney failure, chronic obstructive pulmonary
disease (COPD), and obesity) [7].

Thus, in addition to clinical evaluation and routine laboratory tests, specific laboratory
tests are sometimes required—brain natriuretic peptides (BNP) and N-terminal proBNP
(70% sensitivity, 99% specificity, respectively, 99% sensitivity, 85% specificity) [37]. The
two cardiac biomarkers, BNP and proBNP, are secreted mainly by the ventricles but also
by the atria. In the treatment of HF, BNP and NT-proBNP are known as having clinical
importance in prognostic/diagnostic indicators. For example, BNP levels < 100 pg/mL had
90% predictive negative value during the diagnosis of HF in patients with acute dyspnea.
In comparison, values > 500 pg/mL have >80% predictive positive value [38]. LVEF is a
widely used phenotypic criterion for HF diagnosis. Both HFrEF (EF ≤ 40%) and HFpEF
(EF ≥50%) are primary HF subtypes with distinct pathophysiology, etiology, and therapy
outcomes. In addition, the proportions of the two phenotypes with specific risk factors
differ. HFpEF, for example, is defined by female gender and advanced age [39–43].

Comorbidities, numerous risk factors, and pre-existing illnesses contribute to HF,
harming heart’s function and structure. The first choice of HF medications aimed to im-
prove quality of life by reducing morbidity and death in HFrEF while reducing symptoms
and slowing disease progression. However, to date, no HF therapy has been reported
to reverse (constantly and permanently) the evolution of structural and functional de-
generation of the heart [7,44]. Despite breakthroughs in treatment, the prognosis in HF
remains poor. Patients with HFpEF exhibit symptoms and signs of HF, and proof of cardiac
dysfunction as a source of symptoms [2]. HFpEF has the same clinical symptoms as typical
HF, including HFrEF [45]. HFpEF refers to those having HF signs/symptoms of HF, or
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cardiac abnormalities (LV diastolic dysfunction/increased left ventricular filling pressures,
and/or elevated NPs, as well as an LVEF above 50%) [46,47].

4. Pharmacologic Therapy for Heart Failure
4.1. Treatment in HFrEF

The decrease in cardiac output causes an inadequate circulating volume that will be
ameliorated, at the onset of HF, by the compensatory mechanisms through neurohormonal
involvement: sympathetic activation, RAAS, and release of antidiuretic (ADH). Chronic
activation of these mechanisms will cause vasoconstriction and fluid retention, depletion of
catecholamines, and a weak response to the action of circulating catecholamines, contribut-
ing to myocardial hypertrophy and cardiac remodeling, which are present in HF [48–50].
ACEI impacts significantly the neurohormonal state of HF subjects by interfering with the
RAAS by limiting angiotensin I (ATI) to convert to angiotensin II (ATII), causing vascular
relaxation, decreased vasoconstriction and vascular resistance [51–54].

Low levels of ATII promote the elimination of Na from the body, decreased vasocon-
striction and blood pressure (BP). These effects are due to decreased sympathetic activity,
ADH production and aldosterone. Low preload and afterload results from low venous
and arterial pressure lead to improved ventricular filling and better blood ejection. ACEI
can help prevent ventricular remodeling by limiting cardiac hypertrophy and myocardial
fibrosis and reducing cardiomyocyte death by acting at the cellular level. ACEI have been
demonstrated to have positive benefits in chronic HF [55–58].

In patients with HFrEF, ACEI enhance symptoms, life quality, and physical function.
When compared to placebo, ACEI reduced death by 23% and HFrEF-related mortality
or hospitalization by 35%, according to an analysis of 32 randomized clinical studies in
people with HFrEF. ACEI improve survival and lower the risk of HF and coronary events
in patients with a reduced LVEF, but no HF [59–61].

Angiotensin receptor blockers (ARBs) suppress the RAAS by blocking angiotensin II
from binding to its receptor, preventing constriction of the blood vessels and aldosterone
release; ARBs do not inhibit kininase, which lowers cough compared to ACE inhibitors.
Therefore, ARBs should be used to minimize morbidity and fatality in those patients
which cannot be administered ACEI (considering their side effects) [62], or in patients in
whom ARNI is not feasible, according to the 2022 ACCF/AHA/HFSA guidelines [63].
Furthermore, due to the danger of cross-reaction, ARBs should be administrated with
caution in the case of the subjects having in their medical history of angioedema induced
by ACEI [64].

According to the guidelines, in patients having HFrEF NYHA class II/III, ARB medi-
cation should be replaced with an ARNI [65]. The Candesartan in Heart Failure (CHARM
Alternative) study compared candesartan to placebo and found that candesartan improved
cardiovascular outcomes compared to placebo, including cardiovascular death or hospital
readmission. In comparison to 40% of placebo patients, only 33% of candesartan patients
died of cardiovascular cause or were hospitalized for HF [66].

RAAS inhibitors have been shown to have cardioprotective effects. In the study
published by Marfella et al. in 2022, the effect of RAAS blockers was analyzed in heart
transplant patients with/without T2DM. When the research started, no significant differ-
ences were observed in terms of myocardial fibrosis, but at one year of follow-up, there
were differences between patients who did not have T2DM and those who were diagnosed
with T2DM, and more than that, differences were observed in patients who had a more
rigorous glycemic control. It should be clarified that all patients followed a similar therapy
with ACEI or ARB. The study evaluated the involvement of Ang 1–7 and Ang 1–9 molecules
responsible for the antifibrotic effects at the cardiac myocyte level and observed that their
levels are higher in patients without T2DM and in patients with better glycemic control [67].

Beta-blockers bind to beta-adrenoceptors and prevent adrenaline and noradrenaline
from binding to these receptors, reducing the SNS’s functions. Fundamental studies have
shown that giving a BB to symptomatic patients with decreased LVEF reduces mortality
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and morbidity. In the SENIORS, MERIT-HF, COPERNICUS, and Cardiac Insufficiency
Bisoprolol Study (CIBIS)-II trials, this was proved with nebivolol, carvedilol, bisoprolol,
and controlled-release metoprolol [68–71].

Because of detrimental inotropic effects, it is not indicated that BB be started dur-
ing an HF exacerbation; instead, this class is recommended when the patient is volume-
stable [22,72]. Only certain BBs reduce mortality and rehospitalizations because BBs do
not show a class effect. The effects of bisoprolol and metoprolol CR/XL were compared to
placebo and resulted that there has been a reduction of all generating causes of mortality,
hospitalizations, and even NYHA functional status [71,73].

Mineralocorticoid receptor antagonists work by inhibiting the mineralocorticoid re-
ceptor, which counteracts the effects of aldosterone since MRAs provide diuretic properties
and can contribute to a fluid balance. The main beneficial effects are observed in decreasing
mortality, respectively, the number and duration of hospitalizations due to HF (explainable
by both decreasing the risk of hypokalemia, prevention of myocardial/renal fibrosis caused
by excess aldosterone, etc.) [74–76]. Spironolactone side effects (e.g., gynecomastia) are
caused by the affinity of spironolactone for glucocorticoid, progesterone, and androgen
receptors. Eplerenone does not determine gynecomastia, so it is a better choice, but a higher
dose is needed, because of the lower affinity [77–79].

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) consider a newer class of drugs,
with antidiabetic effect, that improve natriuresis and osmotic diuresis, while increasing the
excretion of glucose in the urine to reduce blood glucose levels.

The Dapagliflozin and Prevention of Adverse-outcomes in Heart Failure Trial (DAPA-
HF) randomized trial with dapagliflozin was designed in the HFrEF group, even if patients
did not have DM [80].

When compared to placebo, the study main purpose was to see how adding 10 mg of
dapagliflozin to the optimal treatment for HFrEF affects the primary endpoint’s occurrence,
aggravation of HF (decompensated HF) and cardiovascular mortality. The dapagliflozin-
treated group exceeded the placebo-treated group in every parameter tested throughout the
course of an average 18-month follow-up. In addition, concerning the first exacerbating HF
event and death from cardiac or other causes, the group using dapagliflozin (as treatment)
had a reduced risk. Empagliflozin improves physical performance and life quality, while
lowering the risk of HF hospitalization in the Empagliflozin Outcome Trial in Patients with
Chronic Heart Failure with Reduced Ejection Fraction (EMPEROR-Reduced study) [81].

In HFrEF patients, the two approaches joined (inhibition of NP breakdown and
blockage of the RAA) proving to be the most effective together [82]. In real-life and
contemporary research, ARNI has established itself as a first-line drug in the treatment
of HFrEF. Its favorable effect on cardiac remodeling has also been confirmed. The major
objective of the Rationale and Methods of a Prospective Study of Biomarkers, Symptom
Improvement, and Ventricular Remodeling During Sacubitril/Valsartan Therapy for Heart
Failure (PROVE-HF) trial was to find a relationship between changes of cardiac remodeling
and NT-proBNP concentration values [83]. In the PRIME trial (Pharmacological Reduction
of Functional, Ischemic Mitral Regurgitation), another study found that valsartan alone
was inferior to ARNI in standard therapy, in reverse remodeling and downsizing functional
mitral regurgitation (FMR) in a group of participants diagnosed with HF with an EF ≈
25–50%, symptomatic (NYHA II-III) and significant FMR lasting more than 6 months. After
12 months, in the group treated with ARNI, a reduction in EROA (effective regurgitant
orifice area) was noticed to be more significant than in the group treated with valsartan; this
was the main indicator of FMR improvement. Reducing the effective regurgitant orifice area
determined a reduction in the end systolic/diastolic volume of the LV, in both groups, S/V,
respectively, valsartan. The S/V group outperformed the valsartan group in regurgitant
volume (mean difference, 7.3 mL). Additionally, the S/V group had a substantially higher
decline in diastolic LV function−E/e′. These data support S/V role in cardiac reverse
remodeling [84].
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New information concerning the mechanisms of this drug class in HFrEF was revealed
after researchers analyzed the effect on inflammation, functional ability, and peripheral
vascular activity. A group of patients with HFrEF (LVEF~28%) were administered S/V and
investigated prospectively. Patients were evaluated at the beginning of treatment, then
monthly for up to three months, and a decrease in pro-inflammatory markers, improvement
in functional capacity and peripheral vascular activity were observed [85].

4.2. Treatment in HFpEF

The development and progression of HFpEF are linked to abnormal activation of
the RAAS. In addition, the RAAS reduced LV diastolic performance (increasing myocar-
dial/arterial stiffness) and caused LV hypertrophy [86,87]. As a result, multiple randomized
clinical trials have assessed the RAAS blockade’s prognostic value (CHARM-preserved,
PEPCHF, I-PRESERVED). Unfortunately, the results were not as optimistic as expected:
candesartan and perindopril reduced hospitalization rates due to HF and symptoms, but
irbesartan did not reduce hospitalizations and patients’ quality of life did not improve in
the long term [88–91]. Due to their effectiveness in HFrEF, attempts have been made to
initiate BB in treating HFpEF. Given that there is also a ventricular filling defect in HFpEF
due to adrenergic stimulation, BB may be helpful in decreasing the adrenergic response
and HR and improving exercise tolerance [92,93].

Aldosterone has implications for the development of myocardial fibrosis that will
cause adverse effects on the heart muscle. MRAs act on aldosterone receptors and are useful
in treating HF regardless of the left ventricular ejection fraction. The ALDO-HF study
proved the usefulness of this class in HFpEF from a cardiac point of view but not showing
improvements in symptoms or in the life’s quality [94]. The TOPCAT-HF trial studied the
effects of spironolactone compared to placebo, but the results were not encouraging. In the
group treated with spironolactone, the unwanted effects did not take long to appear, so
hyperkalemia and renal failure were present to a higher degree. However, this trial opens
the way for other studies regarding HFpEF therapy, depending on the etiology [95].

ARNI combines RAAS blockade and endogenous natriuretic peptide pathway up-
regulation. In HFrEF, S/V is an emerging and game-changing disease-modifying drug.
Inhibition of neprilysin increases endogenous natriuretic/vasoactive peptides, such as
cGMP, which are reduced in HFpEF and linked to myocardial stiffness. In a phase II study
of patients with HFpEF, S/V was linked to LA reverse remodeling, a more considerable
reduction in NP levels, and symptoms improvement [96,97]. Patients with HFpEF may
benefit from this discovery. To determine the efficacy of S/V in HFpEF, the Prospective
Comparison of ARNI with ARB Global Outcomes in HF with Preserved Ejection Fraction
(PARAGON-HF) trial was conducted. Subjects having LVEF > 45% and NYHA II-IV were
included in the study. The study’s findings were not as statistically significant as expected,
but it was found that S/V is more effective among women [98–100].

5. Sacubitril/Valsartan Therapy
5.1. Sacubitril/Valsartan in HFrEF—Evidence of Efficacy in Clinical Trials

In the last three decades, HF treatment has experienced an unparalleled evolution,
based on evidence, with an increase in the quality of living and the survival of patients
suffering from HF. International guidelines support this progress, especially the ESC Guide.
Compared to the guide published in 2016, the 2021 guide focuses on patient involvement
in managing the treatment of their disease, of course with a multidisciplinary team. Along
with conventional therapy (ACEI, MRAs, beta-blockers), ARNI and SGLT2i are added
to the therapeutic regimen of subjects with HFrEF. These medication classes have both
independent and additive therapeutic effects [46,101].

In the PARADIGM-HF, patients with HFrEF and NYHA class II, III, or IV HF have
been randomly selected to be administered either S/V or enalapril, in addition to standard
therapy. The study aimed to identify the variations in mortality rates from CV causes. The
study ended earlier in agreement with predetermined rules because the threshold for an



Int. J. Mol. Sci. 2022, 23, 11336 9 of 20

overwhelming advantage with S/V had been crossed. A total of 17% of patients treated with
S/V and 19.8% with enalapril died, but S/V reduced the rehospitalization rate due to HF
by 21% and improved symptoms. Hypotension and angioedema were more pronounced in
the ARNI group, but fewer patients developed coughs, electrolyte imbalances, and kidney
damage [25]. A blinded independent committee conducted and adjudicated a meticulous
and highly extensive investigation of the mode of death subsequent to the first release of
PARADIGM-HF. The mortality causes were divided into non-CV or CV deaths. In CV
deaths, it was observed that S/V reduced the death rate by 20% compared to the control
group treated with enalapril [102].

In the PIONEER-HF trial, subjects suffering from HFrEF hospitalized due to IC de-
compensation were randomized into two groups: one was treated with ARNI and another
with enalapril. Shortly afterward, a more considerable reduction in NT-proBNP levels was
observed in the group treated with ARNI. The decrease in NT proBNP, which indicates neu-
rohormonal activation and hemodynamic stress, was linked to a decrease in high-sensitivity
cardiac troponin, indicating myocardial damage. Compared to enalapril, S/V subjects were
unlikely to be re-hospitalized for HF at eight weeks. This trial was the first to show that
starting S/V in the hospital was tolerable and safe [103].

The goal of the TITRATION trial was to offer information on how to start and up
titrate S/V in people with chronic HFrEF. TITRATION included patients who had never
been treated before or had varying levels of ACEI/ARB pre-treatment [33,42]. Patients
were divided into two groups: one for concentrated titration, where the dose was increased
in three weeks, and one for conservative titration, where the dose was increased in six
weeks. By measuring the patient’s tolerance to treatment, therapeutic success was obtained
in both groups analyzed. Patients who have not received any ACEI/ARBs previously can
tolerate S/V if introduced gradually, according to the TITRATION trial. It was observed
that if the higher dose is not tolerated in the beginning, a down titration can be beneficial;
this technique can allow the physicians to reach the target dose in time. The TITRATION
trial reveals that S/V can be titrated in most of the subjects in three weeks, excluding the
patients naïve to ACEI/ARBs therapy [104].

PRIME study aimed to show that S/V has a favorable effect on remodeling in HFrEF
patients. In the PRIME study patients suffer from chronic functional mitral regurgitation
due to left ventricular malfunction and reduced EF. These subjects received guideline-
directed medical therapy in a double-blind experiment. Valsartan or S/V were given to the
patients. The S/V group developed a decrease in EROA, thus proving that the drug has a
better effect on heart remodeling than the valsartan group; additionally, an improvement
in the regurgitant volume was noticed. Some other noticeable results show that the S/V
group had a higher decrease in LV end-diastolic volume index, but on partial mitral leaflet
closure area, other measures of the LV, or changes in blood pressure, it was not a remarkable
difference. PRIME is considered a modest trial being the first to demonstrate the reverse
remodeling impact of S/V in people with HFrEF, associated with suffering from FMR [84].

In the PARADIGM-HF study, a lower NT-proBNP level was linked to a better result in
patients using S/V. The PROVE-HF wanted to investigate this further because NT-proBNP
lowering during guideline-directed healing therapy has already been associated with
cardiac remodeling reversal. PROVE-HF was open-label research in which 794 individuals
suffering from chronic HFrEF were distributed to S/V and had their echocardiogram
carried out before starting treatment, six months later, and 1 year later. At each study visit,
the concentration of NT-proBNP was assessed. Following the completion of all research
procedures, at a core laboratory, echocardiograms were blindly analyzed temporally and
clinically. After starting S/V, the researchers found a significant 37 percent reduction in
NT-proBNP and reverse cardiac remodeling intimately tied to it. At the starting point, the
LVEF was ~28%, but after 12 months of treatment, it increased by 9.4%, with a significant
improvement in other patients. Additionally, more variables were modified: diastolic
function, measured by E/e′ proportion, improved, and the mass index of LV and volumes
of LV and LA reduced. These results are maintained in patients who were newly diagnosed
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with HF or those who had not previously been treated with ACE inhibitors or ARBs or
patients who did not achieve the target dose of S/V. The PROVE-HF research adds to
the growing body of evidence supporting reversible cardiac remodeling and the drop of
NT-proBNP levels when ARNI is administered [105].

Whether aortic impedance can contribute (from the pathophysiologic point of view) in
patients diagnosed with HFrEF and treated with ARNI was one of the questions answered
in the EVALUATE-HF trial. Patients were divided into two groups: one that received
S/V and the other one, enalapril. It resulted that the S/V group showed a decreased
aortic impedance, while the valsartan’s group was increased; still, the dissimilarity was not
eloquent. Compared to the enalapril group, the S/V group exhibited considerably lessened
NT-proBNP levels and a significant reduction in numerous echocardiographic parameters
(LVED, SVI, LAVI mitral E/e′ index). An exploratory secondary goal was to show a substan-
tial increase in the general summary score for the 12-module Kansas City Cardiomyopathy
Questionnaire (KCCQ). Despite three months of S/V medication, these findings demon-
strate a clear remodeling benefit compared to usual care. The EVALUATE-HF research
found that, while no considerable improvement was observed when administering S/V in
aortic impedance, in contrast with enalapril, it did show more substantial cardiac reverse
remodeling and improved quality of life [106].

A summary of the results obtained from the above presented clinical trials is presented
in the Table 1.

Table 1. Clinical trials main information.

Trial Acronym [Ref],
Setting

Study Design
Patients’ no./Inclusion Criteria

Period
Results

PARADIGM-HF [25],
ambulatory preceded

S/V (target dose 97/103 mg × 2/day) vs.
enalapril; a multicenter, prospective,

randomized clinical trial
8442/NYHA II–IV (EF ≤ 40%)

follow-up of 27 months

• CVD mortality ↓20%
• HF hospitalization ↓21%

TITRATION [104],
ambulatory

S/V clinical trial, multicenter,
prospective, randomized/

498/NYHA II–IV (EF ≤ 35%)/
16-week study period

• 76% of patients achieved and maintained S/V without
modifying the dose

• 77.8% of patients reached the appropriate S/V dosage,
• 84.3% with a prolonged titration
• Safety was equal

PRIME HF [84],
ambulatory

S/V vs. valsartan in a multicenter,
prospective, randomized clinical study

118/HFrEF (EF < 50%)
12-month study period

• reduction in EROA
• significant changes in regurgitant volume and LVEDV
• no significant changes in LVESV and inadequate mitral

leaflet closure area.

EVALUATE-HF
[106], ambulatory

S/V vs. enalapril in a multicenter,
prospective, randomized clinical trial

464/ HFrEF (EF ≤ 40%) S/V or enalapril
were assigned at random.

12-week study period

• difference in aortic characteristic impedance—not
substantial

• changes in LAVI, LVEDV, LVESV, mitral E/e′ ratio
• EF increased by 1.9% in S/V group

PROVE-HF [105],
ambulatory

S/V clinical trial, multicenter,
prospective, open label
794/HFrEF (EF ≤ 40%)
12-month study period

• reduction in NT-proBNP
• changes in LVEDV, LVESV, LAVI and E/e′ ration
• reversal cardiac remodeling
• low NT-proBNP, not attain target dose, new-onset HF, or

not taking an ACEI/ARB at the time of
enrolling—similar outcomes.
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Table 1. Cont.

Trial Acronym [Ref],
Setting

Study Design
Patients’ no./Inclusion Criteria

Period
Results

PIONEER-HF [107],
in-hospital

S/V was compared to enalapril in a
multicenter, prospective, randomized

clinical trial
881/NYHA II–IV (EF ≤ 40%)

8-week study period

• 47% against a 25% drop in NT-proBNP
• S/V is safe in AHF or new-onset HF
• recurrent HF hospitalizations—reduced
• no significant difference between the two groups

regarding renal function, hypotension, and
hyperkalemia

TRANSITION [108],
in-hospital

A multicenter, prospective, randomized
clinical trial 1.002/HFrEF

(EF ≤ 40%)

• patients who reached the target dose of S/V was similar
• S/V safe and well-tolerated in patients with AHF and

new-onset HF

AHF, acute heart failure; EF, ejection fraction; HF, heart failure; HFrEF, HF with reduced ejection fraction; LVEDV,
left ventricle end-diastolic volume; LVESV, left ventricle end-systolic volume; NYHA, New York Heart Association;
S/V, sacubitril/valsartan; LAVI, left atrial volume index; ↓ reducing.

Associations between S/V post-discharge adherence (PDC) and clinical outcomes after
readmissions for HFrEF revealed that 32.9% patients who received ARNI therapy were
compliant when discharged (PDC ≥ 80%), but 67.1% were not compliant to the treatment
(PDC < 80%). Between groups, baseline attributes were evenly distributed. Subjects with
PDC ≥ 80% presented considerably decreased adjusted risk of all-cause readmission to
hospital and mortality after 90 days and one year compared to patients with PDC < 80%. At
one year, patients saw a significant reduction in rehospitalization for every five-percentage
point rise in PDC. Finally, the trial proved that compliance to the therapy with S/V, 90
days after discharge was related to diminished rehospitalization rates and death in patients
hospitalized for HFrEF and discharged on S/V. In HFrEF, more work is needed to increase
adherence to S/V and other guideline-directed medical therapy [109].

5.2. Sacubitril/Valsartan in the Treatment of HFpEF

The researchers assigned HF patients with LVEF > 45%, NYHA II-IV, high NP values,
and structural heart disease to receive target doses of S/V and valsartan (97/203 mg ×
2/day, respectively 160 mg × 2/day). Renal function, safety, functional class, KCCQ score,
CV death, and HF hospitalizations were monitored. The results favor S/V except for
hospitalizations and CV deaths, where there was no statistically significant difference [98].

A randomized, parallel-group, double-blind clinical experiment included subjects
with HF, LVEF > 40%, high NT-proBNP concentrations, structural heart disease, and bad
quality of life registered from 396 facilities in 32 countries. The aim of the research was to
compare the results of S/V on NT-proBNP levels, 6-min walk test (6MWT) and life quality
in subjects suffering from chronic HF and LVEF greater than 40% to background medication-
based individualized comparators. The trial was completed by 87.1% of patients. At the
baseline, the levels of NT-proBNP were comparative in both groups (786 pg/mL—S/V
group, respectively, 760 pg/mL—comparative group). After 12 weeks, the group that
received S/V had a considerable reduction in NT-proBNP levels compared to the other
group. A big difference was not noticed regarding the 6MWT after 24 weeks (at the baseline
9.7 m and at the end 12.2 m) nor in NYHA class and KCCQ score (12.3 vs. 11.8, respectively
23.6% vs. 24.0% of patients). S/V treatment determined a more notable decrease in plasma
NT-proBNP peptide concentrations compared to standard RAAS inhibitor treatment or
placebo. However, it did not significantly enhance the 6MWT in subjects suffering from HF
and a LVEF > 40% [110].

A systematic review on four randomized controlled studies of S/V for HFpEF patients
showed a reduced rate of HF hospitalization in HFpEF patients when compared to the
control group. S/V did not exhibit any clear benefits in cardiovascular mortality, mortality
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of all causes, or improvement in the NYHA class. Even though S/V was connected to
an increased risk of symptomatic hypotension, there were no signs of deteriorating renal
function or hyperkalemia. Except for the hospitalization rate, in which the S/V treatment
group favored HFpEF patients, the study found no differences between the two groups
compared to valsartan or personalized medical therapy [111].

Previous research has validated S/V’s efficacy in treating HFrEF. However, the role
of S/V in HFpEF is still an area of research. S/V is a combination therapy that includes
sacubitril and valsartan and functions as neprilysin inhibitor (ARNI) and a first-generation
angiotensin receptor blocker. Using animal models, the effect of S/V was evaluated in a high
sodium diet that causes HFpEF and vascular damage, in addition to the primary mechanism.
Thus, a considerable amount of salt (68 mg/kg) was administered intragastrically before
S/V treatment. According to the findings of functional tests, it has been observed that
a high sodium diet leads to lesions in the heart and vascular system. These effects were
reversed by S/V administration; in addition, S/V had an antifibrotic impact by decreasing
the amount of type 1 and type 3 collagen and decreasing the MMP3/SMAD3 ratio. The
most plausible explanation for the favorable effects on HFpEF is the action of S/V on the
TGF1/SMAD3 signaling pathway. Following this experiment, S/V proved its therapeutic
potential in HFpEF, reversing the effects of HFpEF induced by a high sodium diet. However,
this study had some drawbacks: to corroborate the findings, the study did not identify the
agonists or antagonists of the TGF-/Smad signaling pathway; instead, it merely examined
the biochemical effects of a high-salt diet and S/V. HFpEF is still controversial in high
salt-induced rat models even after thorough reports by the team of Y Sakata/M Hori. For
the thorough verification of these data, in vitro experiments are also necessary [112]. S/V
has been given a pioneering expanded indication by the FDA, making it the first medicine
in the US to be approved for chronic HF that is not defined by ejection fraction.

5.3. Sacubitril/Valsartan in Advanced Heart Failure

According to estimates, 1% to 10% of people with heart failure have advanced heart
failure [113]. However, the prevalence is growing due to the rising number of people
with heart failure and improved survival and treatment [114]. Advanced heart failure is
characterized by low ejection fraction (LVEF ≤ 30%), right ventricle failure, congenital or
valve abnormalities that are not operable, high values of the cardiac biomarkers and low to
very low quality of life of the patients (e.g., NYHA III/IV, inability to fulfill 300 m without
symptoms). Therefore, this stage of HF can be classified as stage D according to ACC/AHA
classification. In addition, advanced HF involves repeated interventions by the medical
staff and more aggressive therapy to manage the severe overlapping symptoms [46,115].
Researchers analyzed the medical records of all severe HF patients who were assessed
at their center for heart transplant therapy. They looked at individuals who had started
ARNI medication and had their hemodynamics checked before and after six months. At six
months after initiating ARNI medication, the first noticed result was pulmonary pressures
and filling pressures variety. Systolic pulmonary artery pressure (32 mm Hg vs. 25 mm
Hg) in addition to average pulmonary artery pressure (20 mm Hg vs. 17 mm Hg) were
significantly lower six months after commencing ARNI. Because of improvement, 23%
patients were removed from the heart transplant list, while four new patients were added
to the list. After almost two years, three patients were treated with a left ventricular assist
device, while six patients had their hearts transplanted. S/V was found to be safe and
effective in lowering filling pressures and pulmonary pressures in subjects suffering from
advanced HF [116]. Advanced HF in patients with reduced EF NYHA IV was not an
inclusion criterion in the large clinical trials PARADIGM-HF and PIONEER-HF, so in these
patients, the effectiveness of S/V in their treatment could not be confirmed. To assess the
efficacy and impacts of S/V, the randomized clinical trial LIFE (LCZ696 In Hospitalized
Advanced Heart Failure) reached an answer [117]. Therefore, the LIFE trial tried to objectify
the efficacy and effects of S/V through the changes made to NT-proBNP levels from the
beginning of the study to 24 weeks of therapy. The study included 335 patients with
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this pathology who were administered S/V or valsartan (target dose—200 mg × 2/day,
respectively, 160 mg × 2/day). The trial showed that there are no significant differences
between the two groups [118]. Moreover, in patients whose tolerability was not verified
to one of the ACEI/ARB classes before initiating S/V, it was proven that 50% of patients
would have an intolerance to S/V. Therefore, this study concludes that the benefit of S/V
in patients with HFrEF in an advanced stage must be weighed against the risk [117].

6. Ongoing Research with Sacubitril/Valsartan in the Treatment of Heart Failure

The first study (PARAGLIDE-HF) is a multicenter, randomized, and double-blinded
clinical trial that is expected to enroll 450 participants. Following hospitalization for
acute decompensated HF, this study will assess the effects of S/V compared to valsartan
monotherapy on clinical outcomes, safety, tolerability and NT-proBNP levels in decompen-
sated HFpEF patients that were stabilized, and the treatment with S/V will be instituted at
the time or in 30 days after patient stabilization [119].

A total of 50 people will be enrolled in the second study. It will look at the effects of S/V
on the autonomic cardiac nerve system in HF patients by measuring HR variability [120].

The third study will assess the effects of S/V vs. valsartan on cardiac oxygen demand
and cardiac work efficiency in 60 participants with NYHA II-III HFrEF after six weeks of
therapy [121].

The fourth trial will enroll 48 patients and will examine S/V vs. placebo in terms of
neurohormonal activation and physical function in people presenting right ventricular
dysfunction (moderate/severe) and those that have present NYHA II-III symptoms [122].

The researchers will enroll 100 patients in the fifth study, which will be a phase 3
randomized controlled trial to see if S/V can reverse heart hypertrophy and fibrosis [123].

The SHORT trial, the sixth study, is a randomized experiment on HF patients with
LVEF < 35%. Its goal is to see if a quicker protocol translates to faster optimization and a
higher degree of optimization than the current standard protocol [124].

A multicenter prospective randomized study will assess the effect of in-hospital
initiation of S/V on the NT-proBNP concentrations in patients admitted due to AHF
(PREMIER) and is estimated to include 400 participants [125].

7. Current Guidelines Recommendations

Recent ACC AHA 2022 HF recommendations indicate the use of ARNI as first line
therapy to lessen morbidity and fatality in subjects suffering from HFrEF and those that
present NYHA class II/III symptoms. Subjects with HFrEF, NYHA II-III that are under
treatment with ACEI/ARBs should be switched to ARNI due to favorable morbidity and
mortality results. ARNI is indicated as a de novo medication in subjects suffering from AHF
and chronic symptomatic HFrEF, given the improved prognosis, decreased NTproBNP
value, and cardiac remodeling [44].

From the perspective of mortality and morbidity, none of therapies described in this
review have been shown efficient in HFpEF; it is crucial to understand the mechanisms
underlying this condition. However, the PARAGON-HF study revealed a lower readmis-
sions rate in those patients with HF and LVEF < 57%, and a systematic review that included
PARADIGM-HF and PARAGON-HF trials showed a decrease in CV mortality and HF
hospitalization in patients that had an LVEF lower than the normal interval [46]. FDA
granted S/V, an indication to treat patients with HFpEF. Management of HF according to
latest guideline recommendations is illustrated in the Figure 3.
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not published by the time the guideline has been released, so we cannot consider them class I
treatment options. b.p.m., beats per minute; HR, Heart rate.

8. Conclusions

S/V is a breakthrough drug in HF therapy. Compelling benefits of ARNI therapy
in HFrEF were demonstrated in PARADIGM HF with a reduction in CV mortality and
hospital admission for HF, and a decrease in all-cause mortality. Sudden cardiac death
was reduced by 22%, as were all-cause and HF readmissions and AHF. S/V reduced
symptoms and physical constraints linked to HF, as assessed by the KCCQ, and this
advantage expanded to almost all areas of the score when examined individually. There
is an expanding body of evidence supporting S/V’s role in cardiac reverse remodeling
process correlated with a significant reduction of NT-proBNP level in EVALUATE HF and
PROVE HF. The PRIME study demonstrates for the first time the result of S/V treatment on
reverse remodeling in HFrEF subjects with functional mitral regurgitation. S/V decreased
the rate of cardiovascular mortality and readmissions in subjects suffering from HFpEF in
PARAGON-HF, though the results are not statistically significant. In addition, advantages
for life quality and renal function have been reported, but also from a clinical perspective.
S/V treatment reduced the symptoms of HFpEF produced by a high-salt diet, most likely
by decreasing fibrosis, highlighting S/V’s therapeutic promise for HFpEF. For patients
admitted to hospital for HFrEF and discharged on S/V, increased adherence to therapy
was connected to considerably lower readmission rates and death.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Int. J. Mol. Sci. 2022, 23, 11336 15 of 20

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ursoniu, S.; Mikhailidis, D.P.; Serban, M.C.; Penson, P.; Toth, P.P.; Ridker, P.M.; Ray, K.K.; Kees Hovingh, G.; Kastelein, J.J.;

Hernandez, A.V.; et al. The Effect of Statins on Cardiovascular Outcomes by Smoking Status: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials. Pharmacol. Res. 2017, 122, 105–117. [CrossRef] [PubMed]

2. Gheorghe, G.; Toth, P.P.; Bungau, S.; Behl, T.; Ilie, M.; Stoian, A.P.; Bratu, O.G.; Bacalbasa, N.; Rus, M.; Diaconu, C.C. Cardiovascular
Risk and Statin Therapy Considerations in Women. Diagnostics 2020, 10, 483. [CrossRef]

3. Babes, E.E.; Bustea, C.; Behl, T.; Abdel-Daim, M.M.; Nechifor, A.C.; Stoicescu, M.; Brisc, C.M.; Moisi, M.; Gitea, D.; Iovanovici, D.C.;
et al. Acute coronary syndromes in diabetic patients, outcome, revascularization, and antithrombotic therapy. Biomed. Pharmacother.
2022, 148, 112772. [CrossRef] [PubMed]

4. Vesa, C.M.; Popa, L.; Popa, A.R.; Rus, M.; Zaha, A.A.; Bungau, S.; Tit, D.M.; Corb Aron, R.A.; Zaha, D.C. Current Data Regarding
the Relationship between Type 2 Diabetes Mellitus and Cardiovascular Risk Factors. Diagnostics 2020, 10, 314. [CrossRef]
[PubMed]

5. Moisi, M.I.; Bungau, S.G.; Vesa, C.M.; Diaconu, C.C.; Behl, T.; Stoicescu, M.; Toma, M.M.; Bustea, C.; Sava, C.; Popescu, M.I.
Framing Cause-Effect Relationship of Acute Coronary Syndrome in Patients with Chronic Kidney Disease. Diagnostics 2021, 11,
1518. [CrossRef] [PubMed]

6. Remus Popa, A.; Fratila, O.; Rus, M.; Anca Corb Aron, R.; Mihai Vesa, C.; Pantis, C.C.; Diaconu, C.; Bratu, O.; Bungau, S.; Nemeth,
S. Risk factors for adiposity in the urban population and influence on the prevalence of overweight and obesity. Exp. Ther. Med.
2020, 20, 129–133. [CrossRef] [PubMed]

7. Ponikowski, P.; Voors, A.A.; Anker, S.D.; Bueno, H.; Cleland, J.G.; Coats, A.J.; Falk, V.; González-Juanatey, J.R.; Harjola, V.P.;
Jankowska, E.A.; et al. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for
the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the
special contribution of the Heart Failure Association (HFA) of the ESC. Eur. J. Heart Fail. 2016, 18, 891–975. [CrossRef]

8. Kim, M.S.; Lee, J.H.; Kim, E.J.; Park, D.G.; Park, S.J.; Park, J.J.; Shin, M.S.; Yoo, B.S.; Youn, J.C.; Lee, S.E.; et al. Korean Guidelines
for Diagnosis and Management of Chronic Heart Failure. Korean Circ. J. 2017, 47, 555–643. [CrossRef]

9. Youn, J.C.; Han, S.; Ryu, K.H. Temporal Trends of Hospitalized Patients with Heart Failure in Korea. Korean Circ. J. 2017, 47, 16–24.
[CrossRef]

10. Montera, M.W.; Pereira, S.B.; Colafranceschi, A.S.; Almeida, D.R.; Tinoco, E.M.; Rocha, R.M.; Moura, L.A.; Réa-Neto, Á.; Mangini,
S.; Braga, F.G.; et al. Summary of the II Brazilian Guideline update on Acute Heart Failure 2009/2011. Arq. Bras. Cardiol. 2012, 98,
375–383. [CrossRef]

11. Bocchi, E.A.; Vilas-Boas, F.; Perrone, S.; Caamaño, A.G.; Clausell, N.; Moreira Mda, C.; Thierer, J.; Grancelli, H.O.; Serrano Junior,
C.V.; Albuquerque, D.; et al. I Latin American Guidelines for the Assessment and Management of Decompensated Heart Failure.
Arq. Bras. Cardiol. 2005, 85, 41–94.

12. Sidney, S.; Quesenberry, C.P.; Jaffe, M.G.; Sorel, M.; Nguyen-Huynh, M.N.; Kushi, L.H.; Go, A.S.; Rana, J.S. Recent Trends in
Cardiovascular Mortality in the United States and Public Health Goals. JAMA Cardiol. 2016, 1, 594–599. [CrossRef]

13. Sidney, S.; Quesenberry, C.P.; Jaffe, M.G.; Sorel, M.; Go, A.S.; Rana, J.S. Heterogeneity in national U.S. mortality trends within
heart disease subgroups, 2000–2015. BMC Cardiovasc. Disord. 2017, 17, 192. [CrossRef]

14. Van Nuys, K.E.; Xie, Z.; Tysinger, B.; Hlatky, M.A.; Goldman, D.P. Innovation in Heart Failure Treatment: Life Expectancy,
Disability, and Health Disparities. JACC Heart Fail. 2018, 6, 401–409. [CrossRef]

15. Flather, M.D.; Yusuf, S.; Køber, L.; Pfeffer, M.; Hall, A.; Murray, G.; Torp-Pedersen, C.; Ball, S.; Pogue, J.; Moyé, L.; et al. Long-term
ACE-inhibitor therapy in patients with heart failure or left-ventricular dysfunction: A systematic overview of data from individual
patients. ACE-Inhibitor Myocardial Infarction Collaborative Group. Lancet 2000, 355, 1575–1581. [CrossRef]

16. Bristow, M.R.; Gilbert, E.M.; Abraham, W.T.; Adams, K.F.; Fowler, M.B.; Hershberger, R.E.; Kubo, S.H.; Narahara, K.A.; Ingersoll,
H.; Krueger, S.; et al. Carvedilol produces dose-related improvements in left ventricular function and survival in subjects with
chronic heart failure. MOCHA Investigators. Circulation 1996, 94, 2807–2816. [CrossRef]

17. Heidenreich, P.A.; Lee, T.T.; Massie, B.M. Effect of beta-blockade on mortality in patients with heart failure: A meta-analysis of
randomized clinical trials. J. Am. Coll. Cardiol. 1997, 30, 27–34. [CrossRef]

18. Choi, K.H.; Lee, G.Y.; Choi, J.O.; Jeon, E.S.; Lee, H.Y.; Lee, S.E.; Kim, J.J.; Chae, S.C.; Baek, S.H.; Kang, S.M.; et al. The mortality
benefit of carvedilol versus bisoprolol in patients with heart failure with reduced ejection fraction. Korean J. Intern. Med. 2019, 34,
1030–1039. [CrossRef]

19. Felker, G.M.; Mentz, R.J.; Adams, K.F.; Cole, R.T.; Egnaczyk, G.F.; Patel, C.B.; Fiuzat, M.; Gregory, D.; Wedge, P.; O’Connor, C.M.;
et al. Tolvaptan in Patients Hospitalized with Acute Heart Failure: Rationale and Design of the TACTICS and the SECRET of
CHF Trials. Circ. Heart Fail. 2015, 8, 997–1005. [CrossRef]

20. Konstam, M.A.; Kiernan, M.; Chandler, A.; Dhingra, R.; Mody, F.V.; Eisen, H.; Haught, W.H.; Wagoner, L.; Gupta, D.; Patten, R.;
et al. Short-Term Effects of Tolvaptan in Patients with Acute Heart Failure and Volume Overload. J. Am. Coll. Cardiol. 2017, 69,
1409–1419. [CrossRef]

http://doi.org/10.1016/j.phrs.2017.06.002
http://www.ncbi.nlm.nih.gov/pubmed/28602797
http://doi.org/10.3390/diagnostics10070483
http://doi.org/10.1016/j.biopha.2022.112772
http://www.ncbi.nlm.nih.gov/pubmed/35245735
http://doi.org/10.3390/diagnostics10050314
http://www.ncbi.nlm.nih.gov/pubmed/32429441
http://doi.org/10.3390/diagnostics11081518
http://www.ncbi.nlm.nih.gov/pubmed/34441451
http://doi.org/10.3892/etm.2020.8662
http://www.ncbi.nlm.nih.gov/pubmed/32509005
http://doi.org/10.1002/ejhf.592
http://doi.org/10.4070/kcj.2017.0009
http://doi.org/10.4070/kcj.2016.0429
http://doi.org/10.1590/S0066-782X2012000500001
http://doi.org/10.1001/jamacardio.2016.1326
http://doi.org/10.1186/s12872-017-0630-2
http://doi.org/10.1016/j.jchf.2017.12.006
http://doi.org/10.1016/S0140-6736(00)02212-1
http://doi.org/10.1161/01.CIR.94.11.2807
http://doi.org/10.1016/S0735-1097(97)00104-6
http://doi.org/10.3904/kjim.2018.009
http://doi.org/10.1161/CIRCHEARTFAILURE.115.002259
http://doi.org/10.1016/j.jacc.2016.12.035


Int. J. Mol. Sci. 2022, 23, 11336 16 of 20

21. Park, G.H.; Lee, C.M.; Song, J.W.; Jung, M.C.; Kim, J.K.; Song, Y.R.; Kim, H.J.; Kim, S.G. Comparison of tolvaptan treatment
between patients with the SIADH and congestive heart failure: A single-center experience. Korean J. Intern. Med. 2018, 33, 561–567.
[CrossRef]

22. Swedberg, K.; Komajda, M.; Böhm, M.; Borer, J.S.; Ford, I.; Dubost-Brama, A.; Lerebours, G.; Tavazzi, L.; SHIFT Investigators.
Ivabradine and outcomes in chronic heart failure (SHIFT): A randomised placebo-controlled study. Lancet 2010, 376, 875–885.
[CrossRef]

23. Sabir, F.; Barani, M.; Mukhtar, M.; Rahdar, A.; Cucchiarini, M.; Zafar, M.N.; Behl, T.; Bungau, S. Nanodiagnosis and Nanotreatment
of Cardiovascular Diseases: An Overview. Chemosensors 2021, 9, 67. [CrossRef]

24. Berliner, D.; Bauersachs, J. Current Drug Therapy in Chronic Heart Failure: The New Guidelines of the European Society of
Cardiology (ESC). Korean Circ. J. 2017, 47, 543–554. [CrossRef]

25. McMurray, J.J.; Packer, M.; Desai, A.S.; Gong, J.; Lefkowitz, M.P.; Rizkala, A.R.; Rouleau, J.L.; Shi, V.C.; Solomon, S.D.; Swedberg,
K.; et al. Angiotensin-neprilysin inhibition versus enalapril in heart failure. N. Engl. J. Med. 2014, 371, 993–1004. [CrossRef]

26. Singh, J.S.; Lang, C.C. Angiotensin receptor-neprilysin inhibitors: Clinical potential in heart failure and beyond. Vasc. Health Risk
Manag. 2015, 11, 283–295. [CrossRef]

27. McMurray, J.J.; Packer, M.; Desai, A.S.; Gong, J.; Lefkowitz, M.; Rizkala, A.R.; Rouleau, J.L.; Shi, V.C.; Solomon, S.D.; Swedberg,
K.; et al. Baseline characteristics and treatment of patients in prospective comparison of ARNI with ACEI to determine impact on
global mortality and morbidity in heart failure trial (PARADIGM-HF). Eur. J. Heart Fail. 2014, 16, 817–825. [CrossRef]

28. Sardu, C.; Marfella, R.; Santulli, G.; Paolisso, G. Functional role of miRNA in cardiac resynchronization therapy. Pharmacogenomics
2014, 15, 1159–1168. [CrossRef]

29. Sardu, C.; Massetti, M.; Scisciola, L.; Trotta, M.C.; Santamaria, M.; Volpicelli, M.; Ducceschi, V.; Signoriello, G.; D’Onofrio, N.;
Marfella, L.; et al. Angiotensin receptor/Neprilysin inhibitor effects in CRTd non-responders: From epigenetic to clinical beside.
Pharmacol. Res. 2022, 182, 106303. [CrossRef]

30. Jering, K.S.; Claggett, B.; Pfeffer, M.A.; Granger, C.; Køber, L.; Lewis, E.F.; Maggioni, A.P.; Mann, D.; McMurray, J.J.V.; Rouleau,
J.L.; et al. Prospective ARNI vs. ACE inhibitor trial to DetermIne Superiority in reducing heart failure Events after Myocardial
Infarction (PARADISE-MI): Design and baseline characteristics. Eur. J. Heart Fail. 2021, 23, 1040–1048. [CrossRef]

31. Solomon, S.D.; McMurray, J.J.V.; PARAGON-HF Steering Committee and Investigators. Angiotensin-Neprilysin Inhibition in
Heart Failure with Preserved Ejection Fraction. Reply. N. Engl. J. Med. 2020, 382, 1182–1183. [CrossRef] [PubMed]

32. Wijkman, M.O.; Claggett, B.; Vaduganathan, M.; Cunningham, J.W.; Rørth, R.; Jackson, A.; Packer, M.; Zile, M.; Rouleau, J.;
Swedberg, K.; et al. Effects of sacubitril/valsartan on glycemia in patients with diabetes and heart failure: The PARAGON-HF
and PARADIGM-HF trials. Cardiovasc. Diabetol. 2022, 21, 110. [CrossRef] [PubMed]

33. Katz, A.M.; Rolett, E.L. Heart failure: When form fails to follow function. Eur. Heart J. 2016, 37, 449–454. [CrossRef] [PubMed]
34. Packer, M.; Lam, C.S.P.; Lund, L.H.; Maurer, M.S.; Borlaug, B.A. Characterization of the inflammatory-metabolic phenotype of

heart failure with a preserved ejection fraction: A hypothesis to explain influence of sex on the evolution and potential treatment
of the disease. Eur. J. Heart Fail. 2020, 22, 1551–1567. [CrossRef]

35. McMurray, J.J. Neprilysin inhibition to treat heart failure: A tale of science, serendipity, and second chances. Eur. J. Heart Fail.
2015, 17, 242–247. [CrossRef]

36. Simmonds, S.J.; Cuijpers, I.; Heymans, S.; Jones, E.A.V. Cellular and Molecular Differences between HFpEF and HFrEF: A Step
Ahead in an Improved Pathological Understanding. Cells 2020, 9, 242. [CrossRef]

37. Dassanayaka, S.; Jones, S.P. Recent Developments in Heart Failure. Circ. Res. 2015, 117, e58–e63. [CrossRef]
38. Maries, L.; Manitiu, I. Diagnostic and prognostic values of B-type natriuretic peptides (BNP) and N-terminal fragment brain

natriuretic peptides (NT-pro-BNP). Cardiovasc. J. Afr. 2013, 24, 286–289. [CrossRef]
39. Tschöpe, C.; Birner, C.; Böhm, M.; Bruder, O.; Frantz, S.; Luchner, A.; Maier, L.; Störk, S.; Kherad, B.; Laufs, U. Heart failure with

preserved ejection fraction: Current management and future strategies: Expert opinion on the behalf of the Nucleus of the “Heart
Failure Working Group” of the German Society of Cardiology (DKG). Clin. Res. Cardiol. 2018, 107, 1–19. [CrossRef]

40. Ferrari, R.; Böhm, M.; Cleland, J.G.; Paulus, W.J.; Pieske, B.; Rapezzi, C.; Tavazzi, L. Heart failure with preserved ejection fraction:
Uncertainties and dilemmas. Eur. J. Heart Fail. 2015, 17, 665–671. [CrossRef]

41. Loffredo, F.S.; Nikolova, A.P.; Pancoast, J.R.; Lee, R.T. Heart failure with preserved ejection fraction: Molecular pathways of the
aging myocardium. Circ. Res. 2014, 115, 97–107. [CrossRef]

42. de Boer, R.A.; Nayor, M.; de Filippi, C.R.; Enserro, D.; Bhambhani, V.; Kizer, J.R.; Blaha, M.J.; Brouwers, F.P.; Cushman, M.; Lima,
J.A.C.; et al. Association of Cardiovascular Biomarkers with Incident Heart Failure With Preserved and Reduced Ejection Fraction.
JAMA Cardiol. 2018, 3, 215–224. [CrossRef]

43. Steinmann, E.; Brunner-La Rocca, H.P.; Maeder, M.T.; Kaufmann, B.A.; Pfisterer, M.; Rickenbacher, P. Is the clinical presentation
of chronic heart failure different in elderly versus younger patients and those with preserved versus reduced ejection fraction?
Eur. J. Intern. Med. 2018, 57, 61–69. [CrossRef]

44. Yancy, C.W.; Jessup, M.; Bozkurt, B.; Butler, J.; Casey, D.E.; Colvin, M.M.; Drazner, M.H.; Filippatos, G.S.; Fonarow, G.C.; Givertz,
M.M.; et al. 2017 ACC/AHA/HFSA Focused Update of the 2013 ACCF/AHA Guideline for the Management of Heart Failure: A
Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the
Heart Failure Society of America. J. Am. Coll. Cardiol. 2017, 70, 776–803. [CrossRef]

http://doi.org/10.3904/kjim.2016.155
http://doi.org/10.1016/S0140-6736(10)61198-1
http://doi.org/10.3390/chemosensors9040067
http://doi.org/10.4070/kcj.2017.0030
http://doi.org/10.1056/NEJMoa1409077
http://doi.org/10.2147/VHRM.S55630
http://doi.org/10.1002/ejhf.115
http://doi.org/10.2217/pgs.14.76
http://doi.org/10.1016/j.phrs.2022.106303
http://doi.org/10.1002/ejhf.2191
http://doi.org/10.1056/NEJMc2000284
http://www.ncbi.nlm.nih.gov/pubmed/32187481
http://doi.org/10.1186/s12933-022-01545-1
http://www.ncbi.nlm.nih.gov/pubmed/35717169
http://doi.org/10.1093/eurheartj/ehv548
http://www.ncbi.nlm.nih.gov/pubmed/26497163
http://doi.org/10.1002/ejhf.1902
http://doi.org/10.1002/ejhf.250
http://doi.org/10.3390/cells9010242
http://doi.org/10.1161/CIRCRESAHA.115.305765
http://doi.org/10.5830/CVJA-2013-055
http://doi.org/10.1007/s00392-017-1170-6
http://doi.org/10.1002/ejhf.304
http://doi.org/10.1161/CIRCRESAHA.115.302929
http://doi.org/10.1001/jamacardio.2017.4987
http://doi.org/10.1016/j.ejim.2018.06.005
http://doi.org/10.1016/j.jacc.2017.04.025


Int. J. Mol. Sci. 2022, 23, 11336 17 of 20

45. Solomon, S.D.; Rizkala, A.R.; Lefkowitz, M.P.; Shi, V.C.; Gong, J.; Anavekar, N.; Anker, S.D.; Arango, J.L.; Arenas, J.L.; Atar, D.;
et al. Baseline Characteristics of Patients with Heart Failure and Preserved Ejection Fraction in the PARAGON-HF Trial. Circ.
Heart Fail. 2018, 11, e004962. [CrossRef]

46. McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Böhm, M.; Burri, H.; Butler, J.; Čelutkienė, J.; Chioncel,
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