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ABSTRACT"

Background: Heart failure (HF) is a clinical syndrome characterized by characteristic symptoms and signs
associated with an organizational or functional cardiac abnormality. The epidemic of HF has been a subject of
fascination since 1997, with an exponential increase in hospitalization and a growing number of individuals
associated with HF. With an emphasis on recently introduced medications and their underlying mechanisms of
action, this review aimed to investigate recent pharmacological developments in the treatment of heart failure

Discussion: Current HF administration focuses on neurohormonal transition, symptom relief, and increased
endurance through pharmacologic and non-pharmacologic approaches. Basic therapy includes angiotensin
receptor—neprilysin inhibitors, angiotensin converting enzyme inhibitors, angiotensin receptor blockers, beta-
blockers, mineralocorticoid receptor antagonists, sodium-glucose cotransporter 2 (SGLT2) inhibitors, and
diuretics. SGLT2 inhibitors and diuretics are the first line of treatment for patients with HF with a slightly reduced
ejection fraction or HF with a preserved ejection fraction.

Conclusion: The review provides an analysis of new pharmacotherapies for HF, highlighting their mechanism of
action, clinical efficacy, and promising prospects for the future. Personalized therapy approaches and combined
therapy are expected to play an increasingly important role in improving HF symptoms control and long-term
prognosis.

Keywords: Neurohormonal modulation; Myocardial energetics; Natriuretic peptides; Inflammatory mediators;
Fibrosis modulation; SGLT2 inhibitors.
INTRODUCTION projected 127% increase to $69.8 million by
2030.3

Heart failure (HF) is a clinical condition
characterized by reduced heart -capacity,
resulting in inadequate cardiac output.! It is
classified into four types based on left
ventricular ejection fraction (EF), including
heart failure with decreased EF (HFrEF), mildly
reduced EF (HFmrEF), preserved EF (HFpEF),
and improved EF (HFimpEF).! HF has been
described as a planetic pandemic, with 64.3

The main cause of HF is a myocardial
transformation triggered by increased mechani-
cal stress, involving changes in nerve, humoral,
endocrine, inflammatory, immune, and energy
metamorphosis structures.* Diabetes mellitus
(DM) is a significant factor in CVD through
multiple pathways, such as hyperglycemia,
insulin resistance, and hyperinsulinemia. These

million people affected worldwide in 2017.2 The
prevalence is expected to increase due to
increased persistence rates, improved evidence-
based treatment, and higher life expectancy. HF
has significant monetary implications, with the
total expenditure on HF care in the United
States estimated at $30.7 million in 2012 and a
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metabolic abnormalities lead to both architect-
tural and functional problems within the
cardiovascular framework, resulting in myo-
cardial infarction, myocardial hypertrophy,
coronary artery disease, myocardial ischemia,
and high blood pressure, which may increase to
hypertension. Despite the presence of implicit
threats like high blood pressure, diabetes,
obesity, smoking, and excessive alcohol
consumption, primary prevention of heart
failure remains inadequate, leading to a higher
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Figure 1: Pathophysiological processes involved in heart failure among diabetic individuals1°

incidence of heart failure compared to ischemic
heart disease and stroke.>

Chronic heart failure remains a significant
cause of death in Western countries, despite the
development of advanced treatments like
angiotensin-converting enzyme inhibitors, beta-
blockers, and spironolactone.® The renin-
angiotensin-aldosterone system (RAAS) and
sympathetic nervous system are crucial in the
pathogenesis of heart failure, leading to vaso-
constriction, sodium and water retention, and
increased myocardial workload.” Oxidative
stress, calcium handling issues, and mitochon-
drial dysfunction further compromise cardiac
function. Long-term activation of these systems
results in myocardial fibrosis, hypertrophy, and
decompensation. Despite advances in phar-
macological and device-based interventions,
challenges persist in achieving optimal
outcomes. Current treatments, such as ACE
inhibitors, beta-blockers, and mineralocorticoid
receptor antagonists, aim to decrease neurohor-
monal activation and enhance survival but do
not entirely reverse myocardial dysfunction.8
Advanced therapies like implantable cardio-
verter-defibrillators and cardiac resynchron-
ization therapy are only beneficial for a select

group of patients. Innovative therapeutic
approaches targeting pathophysiological
mechanisms like inflamma-tion, metabolic

dysfunction, and fibrosis are needed to address
these unmet needs.® Precision medicine and
regenerative therapies show potential in
addressing these unmet needs.

In patients with diabetes, conditions such as
high blood sugar levels, insulin resistance, and
elevated insulin levels can lead to the
development of vascular damage, metabolic
disturbances, cellular dysfunction, and ab-
normal activities in the body's endocrine and
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nervous systems. These changes contribute to
the progression of ischemic heart disease,
hypertensive heart disease, diabetic cardiomyo-
pathy, and eventually heart failure. ASCVD
(atherosclerotic vascular disease); FFAs (free
fatty acids); AGEs (advanced glycosylation end
products); and RAAS (renin-angiotensin-
aldosterone system).1© See Figure 1. With an
emphasis on recently created medications and
their underlying mechanisms of action, this
review aimed to investigate recent pharma-
cological developments in the treatment of heart
failure.

ESTABLISHED PHARMACOLOGICAL
THERAPIES

Prior to 2010, randomized controlled trials
(RCTs) in chronic heart failure (HF) research
established the "golden triangle" treatment pa-
radigm, which includes angiotensin-converting
enzyme inhibitors (ACEls), angiotensin receptor
blockers (ARBs), beta-blockers (BBs), and
mineralocorticoid receptor antagonists (MRAs).
12In 2019, several RCTs explored innovative
pharmacological strategies, including angioten-
sin receptor-neprilysin inhibitors (ARNIs),
sodium-glucose co-transporter-2 (SGLT2) inhi-
bitors, and ivabradine (IVA). The PARADIGM -
HF trial found ARNIs, specifically sacubitril/
valsartan, as the preferred option for patients
with reduced ejection fraction (HFrEF).1? Verici-
guat, a soluble guanylate cyclase stimulator,
was approved for managing HFrEF, reducing
hospitalizations and emergency intravenous
diuretic treatment.!® Finerenone, a third-
generation MRA, has shown superior protection
for renal and cardiovascular health. In 2021,
the approach to heart failure treatment
transitioned to a quadruple therapy, leading to
a 62% decrease in cardiovascular death or
hospitalize-tions.!4
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Figure 2: Global occurrence of heart failure!!
HFA - Heart Failure Association; UK - United Kingdom; US - United States

The Renin-Angiotensin-Aldosterone system

The renin-angiotensin-aldosterone  system
(RAAS) is crucial for managing cardiovascular
and renal functions, as its activation is a key
factor in disorders like hypertension, heart
failure, and kidney disease. Renin produces
angiotensin I, which is converted to angiotensin
II by the Ilungs' endothelial angiotensin-
converting enzyme.!®> Angiotensin II triggers
aldosterone release, causing disease progress-
sion. The discovery of RAAS inhibitors has
transformed prevention and management of
heart failure, chronic kidney disease, and
hypertension.16

Angiotensin converting enzyme inhibitors
(ACEIs)

The initial curative approach, including diure-
tics, angiotensin converting enzyme inhibitors
(ACEIs), angiotensin receptor blockers, angio-
tensin receptor-neprilysin inhibitors (ARNIs),
and beta-blockers, has shown significant bene-
fits in relieving symptoms and extending
treatment duration. ACEIs increase resilience in
patients with LV systolic dysfunction and have
a significant effect on mortality and clinical
presentation.!” A meta-analysis of 5,763
patients found that ACEI therapy correlated
with a low overall mortality assessment
compared to a placebo. ACEIs were also
associated with decreased hospital read-
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missions due to HF, a low incidence of
myocardial infarction, and a low incidence of
cardiac arrhythmias. 18

The Function of Mineralocorticoid Receptor
Antagonists (MRAs) in Heart Failure

Mineralocorticoid receptor antagonists (MRAs),
such as spironolactone and eplerenone, have
been extensively studied in treating chronic
severe heart failure (HFrEF) patients. 1° Also
previous study found that MRAs significantly
reduced morbidity and mortality rates among
patients with severe HFrEF.1° However, evidence
suggests that the use of MRAs for patients
experiencing core failures alongside preserved
expulsion fraction (HFpEF) may  offer
advantages, particularly among patients in the
Americas. The success of MRAs in HFpEF is
being evaluated in ongoing studies.20 The
FINerenone trial to investigate Efficacy and
Safety Superior to placebo in patients with Heart
Failure (FINEARTS-HF) test measures the safety
and efficacy of finerenone.?! while the Spiritual
Well-Being in Illness Questionnaire (SPIRRIT
test).?2 measures whether spironolactone can
lower cardiovascular mortality and hospital
admission due to love reversal.

The situation of MRAs in acute accent
decompensated heart failure (ADHF) remains
equivocal, but a post hoc review of the
Comparison of Outcomes and Access to Care for
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Heart Failure (COACH) test showed a significant
decrease in 30-day mortality and readmission
rates. Additionally, prescribing MRAs close to
discharge resulted in a significant decrease in
cardiovascular-related mortality and general
mortality during a follow-up period of 2.2
years.28 Several ongoing tests measure the
extensive cardiovascular effects of MRAs,
including the SYNERGY test, which evaluates
the long-term outcomes of colchicine and
spironolactone following transdermal coronary
intervention in myocardial infarct.2* However, it
is unclear how close to the end of the glomerular
filtration measure decline or hyperkalemia
MRAs should be kept or stopped. More RCTs are
needed to clarify the apparent recommendations
in the current material.?5

SGLT2 Inhibitors and Heart Failure

The effectiveness of the SGLT2 inhibitor has
been confirmed through systematic evaluation
in major clinical trials. The Empagliflozin
outcome trial in patients with chronic HF,
EMPEROR-Reduced and DAPA-HF studies
demonstrated that SGLT2 inhibitors were bene-
ficial in heart failure with reduced expulsion
fraction (HFrEF) by reducing hospitalization
expenditure to treat heart failure (HHF), lower
cardiovascular mortality, and decreased neph-
ritic function in individuals with chronic kidney
disease (CKD).?¢ In addition, The Empagliflozin
outcome trial in patients with chronic heart
failure, EMPEROR-Preserved and DELIVER
research while also providing minimal symptom
progression as measured by the Kansas City
Cardiomyopathy Questionnaire (KCCCQ).27

Possible Mechanisms of SGLT2 Inhibitors in
Heart Failure

During the SGLT2 inhibitor phase of low blood
glucose, their cardiovascular advantage seems
to extend beyond their hypoglycemic properties.
Several mechanisms, including diuresis,
natriuresis, improved ventricular remodeling,
and cardiac function, inhibition of the sodium-
hydrogen exchanger, improved myocardial
energy metamorphosis, decreased sympathetic
activity, anti-inflammatory properties, and
antioxidant properties, may contribute to this
assistance.?®

Empagliflozin Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients —
Removing  Excess Glucose (EMPA-REG
OUTCOME) study suggests that nearly 50% of
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the cardiovascular benefit of SGLT2 inhibitors
comes from increased hematocrit levels.?®
Erythropoietin (EPO) levels remain high in
patients with type 2 diabetes mellitus (T2DM),
indicating a combination of diuretic-induced
hemoconcentration and increased EPO produc-
tion.30 SGLT2 inhibitors protect vascular
endothelial cells by increasing azotic oxide
development and inhibiting dislocation, improv-
ing ventricular remodeling and cardiac function.
They block the sodium-hydrogen antiporter
NHE-1, reducing intracellular sodium ion levels
and shifting myocardial metabolism to fatty
acids and ketones. SGLT2 inhibitors also
increase heme oxygenase expression, low
progressive glycation conclusion products
(AGEs), and enhance antioxidant effects to
reduce oxidative stress.3! They also affect the
inflammatory nerve pathway, reducing NF-B
activation and suppressing proinflammatory
cytokines and chemokines. SGLT2 inhibitors
may offer cardiovascular benefits like pressure
reduction, improved insulin sensitivity, and
decreased serum uric acid levels.3!

NEW DRUG TREATMENTS
MECHANISMS OF ACTION

& THEIR

sGC Stimulators (e.g., Vericiguat) — Boosting
NO-cGMP Signaling

The azotic oxide (NO) -soluble guanylate cyclase
(sGC)-cyclic guanosine 3',5'-monophosphate
(cGMP) signal nerve pathway is crucial for
physiologic functions, especially artery stabi-
lity.32 The enzyme is activated by ligands and
mechanical stresses of endothelial cells. It
facilitates the conversion of GTP to cGMP, which
has various downstream effects.’2 cGMP-
dependent targets include protein kinase,
phosphodiesterase, and ion channels, each
leading to different cell activities. Natriuretic
peptide activates the NO-sGC-cGMP nerve
pathway, resulting in increased cGMP produc-
tion and subsequent activation of protein
kinase.32 This signal cascade has cardio-
protective effects, including natriuresis, improv-
ed diastolic relaxation, increased coronary
current, decreased hypertrophy, inflammation,
and fibrosis. Recent research has discovered
that sGC stimulators can stimulate sGC in the
absence of neither by adhering to a non-heme
site. They also stabilize the nitrosyl-heme
complex on none binding, extending the active
conformation of sGC and enhancing signaling
effects.3® Figure 3 shows the NO-sGC-cGMP
nerve pathway.
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Figure 4: Mechanism of action of vericiguat32
“cGMP: cyclic guanosine monophosphate; eNOS: endothelial nitric oxide synthase; GTP: guanosine triphosphate; NO: nitric oxide; sGC:

soluble guanylate cyclase.

The Guanylate Cyclase Pathway in Heart
Failure

The NO-sGC-cGMP signal nerve pathway is
crucial for cardiovascular health, facilitating
natriuresis, diastolic relaxation, and reducing
hypertrophy, inflammation, and fibrosis.35
Natriuretic peptides counter regulate neurohor-
monal activation, which is increased during
HF.3¢ However, this pathway may be com-
promised in individuals with central failure due
to oxidative stress and inflammation. This leads
to decreased NO production, superior NO
deterioration, and reduced sGC attention to
endogenous NO.36 This reduced natriuretic
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peptide extra signal contributes to neuro-
hormonal activation, leading to emotion
suppression. The NO-sGC-cGMP signal cascade
has emerged as a promising curative strategy for
soul extinction due to its interference. However,
other pharmacologic agents targeting this nerve
pathway do not show clinical benefits. Soluble
guanylate stimulators function independently of
NO and may disrupt the NO-sGC-cGMP signal
nerve pathway in certain environment.3” The
mechanism of action of soluble guanylate
cyclase stimulator, vericiguat, is described in
figure 4 below.
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Clinical Trials of Soluble Guanylate Cyclase
Stimulators

Soluble guanylate cyclase (sGC) stimulators
have been tested in clinical trials to assess their
potential for patients suffering from HF.39 The
Acute Haemodynamic effects of Riociguat in
Patients  with  Pulmonary  Hypertension
Associated with Diastolic Heart Failure
(DILATE-1) Study found that riociguat did not
significantly change average pneumonic artery
stress despite improving stroke volume and
cardiac index. The Effect of Vericiguat (Soluble
Guanylate Cyclase Stimulator) on Natriuretic
Peptide Levels in Patients with Worsening
Chronic Heart Failure and Reduced Ejection
Fraction (SOCRATES-REDUCED) Study found
no significant decrease in NT-proBNP stages
compared to the placebo, but an increased dose
showed a trend towards a larger decrease.*® The
The Effect of Vericiguat (Soluble Guanylate
Cyclase Stimulator) on Natriuretic Peptide
Levels in Patients with Worsening Chronic Heart
Failure and Preserved Ejection Fraction
(SOCRATES-PRESERVED) Study showed no
significant changes in NT-proBNP stages but
improved quality of life appraisal.® Other
studies, such as Effect of Vericiguat vs Placebo
on Quality of Life in Patients With Heart Failure
and Preserved Ejection Fraction (VITALITY-
HFpEF), Effect of Praliciguat on Peak Rate of
Oxygen Consumption in Patients With Heart
Failure With Preserved Ejection Fraction
(CAPACITY-HFpEF) , and Vericiguat in Patients
With Failure Across The Spectrum of Left
Ventricular Ejection Fraction (VICTORIA) Study
,did not find significant differences among
treatment groups.4! While sGC stimulators are
admired for their advantages in enhancing
hemodynamic parameters, quality of life index,
and reducing hospitalization risk in choice
compassion downfall subpopulation, their effect
over primary procedures such as NT-proBNP
reduction and mortality residue is hesitant.
Future studies should focus on identifying
patients who may benefit from sGC stimulators
and fine-tuning treatment plans to improve their
curative effects.

Cardiac Myosin Activators (Omecamtiv
Mecarbil) - Boosting Contractility

Inotropic agents have traditionally been used to
control HF, but they pose a significant risk of
adverse events, especially in patients with
advanced hepatic impairment. First-generation
inotropes, such as adrenergic protagonists, are
associated with increased oxygen requirement
and afterdepolarizations caused by calcium
overload-4?2 Levosimendan, a calcium sensitizer,
has a more positive safety profile than
adrenergic antagonists and has shown
beneficial effects in acute hepatic impairment.42
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A new class of medicinal products called myosin
motor activator has emerged alongside
omecamtiv mecarbil, which enhances myosin
ATPase activity, facilitating the establishment
and  stabilization of  cross-bridges in
cardiomyocytes.#3  This improves systolic
function without promoting intracellular camp
and calcium concentrations or increasing
oxygen demand and ATP consumption.*. The
Global Approach to Lowering Adverse Cardiac
outcomes Through Improving Contractility in
HF (GALACTIC-HF) study found that the use of
this test is related to a low incidence of HF-
related incident or mortality scheduled for
cardiovascular conditions compared to the
placebo group.44

Mavacamten is a selective, reversible small
molecule cardiac myosin inhibitor used as a first
target medication for clogging hypertrophic
cardiomyopathy (0HCM).4> Preclinical studies
suggest that mavacamten reduces the probabi-
lity of myosin-actin cross-bridge formation by
reducing the amount of myosin head that can
enter the active state on actin " or facilitates a
transition to an energy-saving, super relaxed
state of off actin " by attaching temporarily to
myosin ATPase.4® Early initiation of mavacam-
ten treatment in mouse studies and a human
myosin mutant correlated with oHCM has been
demonstrated to prevent LVH progression.4®
Mavacamten also alleviates sarcomeric hyper-
activity and myocardial hypercontractility,
reducing left ventricular outflow and filling
strain. Phase 1 clinical trials evaluated its
pharmacokinetic, safety, and tolerability.4”

Interleukin-1 (IL-1) Inhibitors (Anakinra) -
Tackling Inflammation in HFpEF

Inflammation is a cellular and humoral
response to both infectious and non-infectious
disorders, playing a crucial role in fighting
infections and immune surveillance against
cancer. Cytokines, such as interleukin-1 (IL-1),
regulate inflammation by influencing both pro-
and anti-inflammatory responses. The IL-1 kin
complex consists of 11 cytokine and 10
receptors, including IL-1 and IL-18.48 Four anti-
inflammatory properties are present in the IL-1
family: IL-1 receptor antagonists (IL-1Ra) and
IL-36 receptor antagonists (IL-36Ra), as well as
IL-37 and IL-38. Anakinra, a recombinant
version of IL-1Ra, has been used to treat many
inflammatory conditions, including cardio-
vascular disease (CVD).48

Preclinical studies have shown their ability to
treat human diseases, and inflammation is also
moderated by soluble receptor domains that act
as natural inhibitors. Soluble IL-1R2 neutralizes
IL-1 and IL-18 binding protein (IL-18BP)
neutralizes IL-18, contributing further to the
regulation of the inflammatory response.
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Anakinra is approved for use in the treatment of
arthritic arthritis and Cryopyrin-Associated
Periodic Syndrome (CAPS), a multisystem IL-1-
mediated health effect caused by a NLRP3
mutant.49

Anakinra has a long record of use in both adults
and children for over 15 generations, showing a
well-documented safety record compared to
alternative biological therapy. However, it may
not permanently lower neutrophil counts, which
requires regular monitoring throughout the
extended treatment. It is not appropriate for
treating patients with active or perennial
illnesses, and suppressing symptoms related to
inflammation may hinder the timely diagnosis of
an active infection.50

The short duration of anakinra, which requires
quick cessation of treatment in patients showing
early signs of infection, is an important
advantage. Three randomized control trials with
over 2,000 patients suffering from severe sepsis
and septic shock did not show any increase in
28-day mortality rates in those who received
anakinra. Furthermore, in patients who have
experienced more severe forms of sepsis, a
feasible endurance advantage has been
demonstrated.5! As it acquired blessing in 2001,
the use of anakinra outside the label in a large
number of patients further confirms its safety
profile.

Transthyretin
(ATTR-CM)

Amyloid Cardiomyopathy

Transthyretin amyloid cardiomyopathy (ATTR-
CM) is a systemic amyloidosis caused by the
accumulation of misfolded transthyretin (TTR)
protein in the cardiac muscle.5? The disease has
been often overlooked or diagnosed late due to
the need for productive diagnostic systems, but
recent advancements in bone-avid radiotracer
scintigraphy and new curative options have
improved diagnosis and management.52 A
recent study suggests that ATTR-CM may
remain more widespread in patients with soul
loss alongside preserved ejection fraction
(HFpEF).

TTR proteins accumulate, leading to myocardial
fibrosis, restricted mechanical function, and
increased risk of atrial cardiac arrhythmia.52
Misfolded TTR protein affects autonomic and
peripheral nervous systems, with familial ATTR
(hATTR) often associated with nervous system
involvement.53 Wild-type ATTR cardiomyopathy
(WATTR-CM) predominantly affects the central
nervous system. Hereditary ATTR hATTR
presents as cardiomyopathy, autonomic
neuropathies, or peripheral neuropathies, with
polyneuropathy more closely associated with
hATTR.54
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FUTURE PERSPECTIVES

As the field of combat medicines continues to
expand, new research and advancements are
expected to shape the future of these
treatments. Machine learning systems and
machine training can evaluate large datasets
and improve the wvulnerability assessment
model, while precision medicine principles like
persevering consent can be applied to
healthcare providers. Integrating patient data
and preferences can help tailor treatment plans
to individual needs. Multi-omics strategies,
such as root cell therapy, genomics, proteomics,
and metabolomics, can help determine
biomarkers and curative targets.

Molecular exploration breakthroughs are
accelerating the development of targeted
therapy for specific types of soul failure.
Corrective Medicine can enhance curative
effectiveness by customizing treatment to suit
human perseverance profiles. However, object-
tive evidence is crucial to measure the long-term
safety and efficacy of new treatments. Monitor-
ing the promotion, patient register, and
comparative effectiveness of these treatments is
crucial. Assessing their cost-effectiveness is
essential as new treatments are used more
frequently.

Research is expected to focus on new
biomarkers for diagnosis, vulnerability strati-
fication, and treatment guidelines for love flies.
Gene editing technologies like CRISPR-Cas9
could lead to modern gene therapy. The
introduction of these treatments may change
healthcare delivery systems. To integrate
corrective medicine in Love Affair management,
it is essential to simplify the care pathway, use
telehealth solutions, and develop efficient
patient navigation arrangements.

CONCLUSION

The treatment of heart failure is rapidly evolving,
with new pharmacologic strategies such as
myosin activator, SGLT2 inhibitor, and angio-
tensin receptor-neprilysin inhibitor (ARNIs)
showing improved clinical results. These inter-
ventions not only improve the functioning of the
center but also reduce hospitalization rates and
increase symptoms leadership. Accuracy Medi-
cine will be integrated into care protocols to
provide personalized treatment using bio-
marker-based methods. However, there are still
challenges to improve treatment choice, en-
hance long-term safety, and address economic
issues. The next generation of medicines will be
guided by ongoing analysis of the molecular
basis of essence failure, greater specificity and
efficiency, and knowledge of long-term effects. A
multidisciplinary approach integrating pharma-
ceutical advances, device therapy, lifestyle
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modification, and computerized health interven-
tions is required to enhance persistent conse-
quences and quality of life.
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