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ABSTRACT

Chronic heart failure is a major global cause of
disease and death. While beta- blockers and ACE
inhibitors have enhanced patient outcomes, many
individuals remain at risk for heart failure
overtime. Researchers are actively exploring new
and effective treatments, driven by recent
challenges in therapeutics as the pharmaceutical
landscape evolves. This study explores the latest
insights into heart failure (HF) pathophysiology
and how emerging drugs and innovative
technologies are transforming HF treatment.
Additionally, we discuss potential future strategies
that could dramatically enhance patient outcomes,
while also addressing the limitations of existing
approaches.

In recent years, therapeutic targets aimed at
improving heart failure pathophysiology have been
discovered, and new drugs are currently under
investigation. However, it has been consistently
noted that the positive findings
fromphasellandclinicaltrialsdonotalwayscarryovert
ophaselllstudies.This review examines ventricular
remodeling, renin-angiotensin-aldosterone system
activation, calcium cycling abnormalities, and other
emerging treatment targets, along with their
mechanisms and effectiveness.

Keywords -Heart Failure Treatment , Novel Drug
Therapies, Cutting-edge Innovations, Hear tFailure
Management, Pathophysiology of Heart Failure,
Ventricular Remodeling, Renin- Angiotensin-
Aldosterone  System, Emerging  Therapeutic
Targets

l. INTRODUCTION
Left ventricular dysfunction leads to heart
failure, which presents with symptoms like fatigue,
shortness of breath, and diminished exercise
capacity. With over 56 million individuals affected
globally and a standardized rate of 711.90 per
10,000 people, this is a significant public health

concern. Between 1% and 2% of those with heart
failure (HF) experience this complex condition,
which includes additional symptoms and
comorbidities alongside the primary ones [1]. HF
remains a critical clinical and public health
challenge. Its prevalence is projected to increase as
the population ages, which diminishes patients'
quality of life and heightens the financial burden on
individuals and the healthcare system. Heart failure
is a chronic cardiovascular disorder that poses
serious health risks, characterized by high
prevalence, morbidity, mortality, and substantial
healthcare expenditures linked to its clinical
manifestations[2].

There are two main forms of heart failure:
acute and chronic. Acute heart failure syndrome
refers to the rapid or gradual onset of heart failure
symptoms that require urgent intervention.
Additionally, various comorbidities, including
coronary artery disease, can worsen heart failure.
Conditions such as hypertension, arrhythmia,
diabetes, kidney failure, chronic obstructive
pulmonary disease, and anemia should be
recognized and addressed in therapeutic goals, as
they not only fulfill the requirements of standard
treatment but also play a role in the
pathophysiology of heart failure. This review aims
to highlight recent advances that significantly
impact heart failure management. The discussion
will be organized into several categories: device-
based interventions, new  pharmacological
therapies, heart failure biomarkers, and emerging
trends[3].

PATHOPHYSIOLOGY

Recent recurring themes highlight
significant changes in the conduction and
activation of the arr hythmogenic substrate,
alongside the functional down regulation of
potassium currents and abnormal calcium handling.
These alterations affect the heart's electrical
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functions, increasing the risk of potentially fatal

cardiac arrest and prolongation of arrhythmia

action potentials[15]

Why does heart failure lead to sudden
cardiac death? The exact mechanism of sudden
cardiac death (SCD) remains unclear in individual
patients. SCD is defined by a sequence of events,
with the occurrence of lethal cardiac arrhythmias—
most often ventricular tachycardia or fibrillation—
being the primary cause. In contrast, pulse less
electrical activity is rarer and typically observed in
patients with more advanced structural heart
disease. Factors contributing to sudden death in
heart failure patients include action potential
prolongation,calciumhomeostasisdisturbances,aberr
antconduction,alternative signaling pathways, and
hereditary susceptibility.[4][15]

* Cardiac remodeling refers to the structural
changes in the heart following an injury, such
as a myocardial infarction, leading to myocyte
hypertrophy and alterations in the extracellular
matrix that cause either ventricular dilation or

hypertrophy.[3]
*  Neurchormonal Activation: Elevated levels of
nor epinephrine, angiotensin Il, and

aldosterone occur due to the activation of both
the sympathetic nervous system and the renin-
angiotensin-aldosterone system. While this
chronic  activation initially serves a
compensatory role, it ultimately leads to
further cardiac remodeling and
vasoconstriction  coupled  with  sodium
retention. [3]

*  Higher levels of pro-inflammatory
cytokines(TNF-alpha, IL-1, andIL-6) are
present in heart failure, which exacerbates
cardiac dysfunction and disease progression.[3]

»  Calcium handling impairment: Disturbances in
calcium  homeostasis  negatively  affect
cardiomyocyte excitation-contraction coupling,
resulting in decreased contractility and
impaired relaxation.[3]

NOVEL DRUG THE RAPIES IN HEART

FAILURE TREATMENT

1. Angiotens in  Receptor-Neprilys in
Inhibitors (ARNIs)

Drug: Sacubitril/ VValsartan(Entresto®)

According to numerous studies, ARNI
(angiotensin receptor— neprilysin inhibitor), beta-
blockers, angiotensin-converting enzyme inhibitors
(ACE inhibitors), and mineral corticoid receptor
antagonists (MRA) are the mainstays of treatment
for patients with HFrEF, with

classlrecommendations in guidelines [7] This
novel drug (Sacubitril- Valsartan) demonstrated
significant clinical benefit for the first time in the
PARADIGM-HF trial. ARNI decreased
cardiovascular mortality (13.3% vs. 16.5%; hazard
ratio (HR): 0.8) and heart failure hospitalization as
compared to enalapril. [2] [6]

2. Sodium-Glucose Co-Transporter-2(SGLT2)
Inhibitors

Drugs: Dapagliflozin (Farxiga®), Empagliflozin

(Jardiance®)

Sodium-Glucose Cotransporter 2
Inhibitors, or SGLT2. SGLT2 inhibitors help
diabetics with their body weight, blood pressure,
glycemia,and albuminuria. Empagliflozin
significantly  reduced nonfatal  myocardial
infarction, nonfatal stroke, and death from
cardiovascular causes, according to EMPA-REG
researchers[8] Compared to the control arm, which
experienced 43.9 adverse events per 1000 patient-
years (HR—O0.86), the empagliflozin arm
experienced 37.4 adverse events per 1000patient-
years. Empagliflozin also decreased
hospitalizations for heart failure and deaths
altogether [2][9] Eventually, the CANVAS group
then reported that can agliflozin reduced
cardiovascular mortality and morbidity in 2017
[16].Similar to the EMPAREG study, the
composite primary outcome happened in 26.9
participants out of 1000 patient-years in the
intervention group, while the control group had
31.5 people (HR—O0.86).A strong indication of
fewer heart failure hospitalizations was also
present, with 5.5 versus8.7 occurrences in the
intervention and control arms,
respectively(HR:0.67).Inindividualswithahistoryof
peripheralarterydisease, high amputation rates
prompted safety concerns.

The EMPEROR-Reduced and DAPA-HF
investigations focused on patients with HFrEF,
whether or not they had diabetes. Dapagliflozin
[17] and Empagliflozin both showed significant
advantages in their primary outcome, which was
hospitalization for heart failure or cardiovascular
death, with hazardratios of 0.74 and 0.75,
respectively. [2][5]

3. GLP (Glucagon-like Peptide)-1Agonist
Glucagon-like peptide-1 and its agonist
Numerous earlier studies evaluating GLP-1
receptor and cardiovascular outcomes did not
include heart failure outcomes as one of their main
objectives[9] In the HARMONY research,
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albiglutide (HR—O0.71) reduced heart failure
hospitalizations. Baseline LVEF and NYHA
categorization were excluded from the trial.
Focusing on HFpEF, the recent GLP-1
investigation STEP-HFpEF showed improvements
in exercise function and symptoms. Even in the
absence of diabetes mellitus, semaglutide was
demonstrated to offer cardiovascular advantages in
obese patients in a different recent trial. [2] [5]

4. Soluble Guanylate Cyclase stimulator
Vericiguat (Verquvo®)

Reactive oxygen species and endothelial
dysfunction reduce the bioavailability of
nitricoxidein heart failure, which leads to a relative
lack of soluble guanylate cyclase [10]. Through a
binding location independent of nitric oxide,
vericiguat decreased cyclic GMP synthesis and
directly stimulated soluble guanylate cyclase,
enhancing the cyclic GMP pathway. [2]

CUTTING-EDGE INNOVATIONS IN HEART
FAILURE TREATMENT
1. GENE THERAPY

A new discipline known as gene therapy is
being developed to address heart failure and
overcome the limitations of existing mechanical
and pharmaceutical therapies. Heart failure remains
a significant source of morbidity and mortality in
the US, accounting for half a million deaths each
year, despite substantial progress. Gene therapy is a
promising alternative that targets the molecular
causes of cardiacdys function. Non viral vectors
exhibit low transfection efficiency, are safe, and
have reduced immunogenicity. Commonly used
viral vectors include adenovirus, retrovirus, Sendai
virus, and adeno-associated virus (AAV). AAV
vectors are particularly promising due to their low
immunogenicity, sustained gene expression, and
effective transduction of cardiomyocytes.[17]

AAV Vectors: AAV vectors have an excellent
safety profile and are considered non-toxic.
Specifically, AAV 1, AAV 6, AAV 8, and AAV 9
demonstrate high cardiac tropism. Techniques for
capsid modification and directed evolution are used
to enhance cardiac tropism.

Techniques for Gene Delivery:

The effectiveness of antegrade arterial
infusion varies but is less invasive. Retrograde
venous infusion, while complicated and effective,
requires careful pressure monitoring. Aortic cross-
clamping is highly effective but very invasive.

Intravenous infusion is simple but only suitable for
small animals due to its poor heart selectivity.
Direct intramyocardial injection achieves high local
concentrations but is restricted to specific areas.
Pericardial injection results in limited systemic
dissemination on a larger scale.

Targets for Gene Therapy:

B-Adrenergic System: Over expression of
B2-AR and inhibition of GRK2 enhance cardiac
function. Ca 2 Cycling Proteins: Over expression of
SERCA 2 a, inhibition of phospholamban, and
modulation of protein phosphatase inhibitor- 1 are
notable strategies. S 100 A 1 enhances cardiac
contractility and relaxation function. SUMO 1
modulates SERCA 2 levels and activity. Stem Cell
Homing: The SDF1/CXCR4 complex promotes
stem cell homing to the infracted myocardium. Cell
Death: Anti-apoptotic strategies include the use of
Bcl- 2, Akt, or PI 3 kinase.

Clinical Trials:

CUPID Trial: Evaluated the safety and efficacy of
AAV1. SERCA2 a gene transfer in patients with
advanced heart failure, showing promising results.
Ongoing Trials: Targeting SERCA2 a, adenylyl
cyclase type 6,and SDF-1

2. STEMCELL AND REGENERATIVE
THERAPY

The goal of stem cell and regenerative
treatment for heart failure is to replace or repair
damaged heart tissue to restore cardiac function. To
overcome the drawbacks of traditional therapies,
this strategy makes use of stem cells and associated
technologies' capacity for regeneration. Crucial
Points:  Treatment with Stem Cells: The
SDF1/CXCR4 complex is a crucial therapeutic
target for encouraging stem cell homing to injured
myocardium. For ischemic cardiomyopathy, this
pathway is being investigated in clinical trials.
Pim-1 Kinase: Promotes cardiac progenitor cells'
survival, growth, and functional engraftment. Pim-
1 also supports myocardial regeneration and
lineage commitment."

Mechanisms of Action.

Cardiomyocytes or other cardiac cell types
can be produced from stem cells. They release
paracrine substances that suppress apoptosis, lower
inflammation, and encourage angiogenesis.
Additionally, stem cells can enhance the injured
heart's microenvironment and regulate the immune
response. [17-20]
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Stem cell types that are utilized include:

Unique to the heart, cardiac progenitor
cells can differentiate into cardiomyocytes. Bone
marrow and adipose tissue contain mesenchymal
stem cells (MSCs), which have regenerative and
immunomodulatory qualities. Reprogrammed adult
cells, induced pluripotent stem cells (iPSCs), can
differentiate into any type of cell, including
cardiomyocytes. Pluripotent cells with significant
regeneration potential and embryonic stem cells
(ESCs) raise ethical and immunological questions.
[11]

Challenges

Engraftment and Survival: Transplanted
cells have poor survival rates in the harsh
environment of the injured heart. Arrhythmogenic
Risk: The possibility that abnormal cardiacrhythms
could result from in correct new cell integration.
The risk of an immunological reaction against
transplanted cells, particularly when they come
from all ogeneicorigins, is known as immune
rejection.  Scalability —and  Standardization:
Producing large amounts of high-quality stem cells
for clinical usage is difficult. [9]

Clinical Trials:

Ongoing trials are investigating the safety
and efficacy of stem cell therapies for heart failure,
including direct injection of stem cells into the
myocardium and systemic delivery.

FUTURE DIRECTIONS FOR STEM CELL
THERAPHY

The goal of future research is to improve
stem cell therapy for the treatment of heart failure.
Developments in IPSC technology allow for
customized approaches to heart regeneration and
disease modeling. Stem cells, biomaterials, and
tissue engineering methods can be used to create
functioning cardiac constructions or patches.
Investigating synergies with growth factors, gene
therapy, or pharmaceutical drugs may also improve
results and increase regenerative benefits. In
conclusion, cutting-edge strategies to tackle the
intricate problems of treating heart failure include
regenerative medicine and stem cell therapy.
Current barriers are being addressed by ongoing
research projects, which will open the door to more
individualized and efficient treatments.

NANOPARTICLE-BASED
SPECIFIC DRUGDELIVERY
A broad range of cardiovascular disorders,

CARDIAC-

including atherosclerosis, thrombosis, myocardial
infarction, and heart failure, can be treated with
nanoparticles. They can be used in a variety of
therapeutic techniques, such as gene therapy,
targeted medication delivery, and theranostic
procedures that combine diagnosis and treatment.
Each of the following nanoparticle types—
liposomes, polymeric nanoparticles, dendrimers,
and inorganic nanoparticles—has special qualities
that make them appropriate for particular
cardiovascular applications. It is possible to design
these nanoparticles to target particular heart system
components. By fine-tuning their surface properties
and in corporating specific ligands, researchers can
enhance the effectiveness of these nanoparticles in
targeting damaged tissues or delivering drugs
precisely where they are needed most. This
innovative approach could lead to significant
advancements in  cardiovascular  medicine,
ultimately improving patient outcomes and
reducing the burden of heart-related diseases [20].

LIPOSOMES

Particularly for the treatment of CVDs,
liposomes are among the oldest and best-studied
nanoparticle systems for drug delivery. Both
hydrophilic and hydrophobic medications can be
encapsulated in these spherical vesicles, which are
composed of phospholipid bilayers, enhancing drug
stability and bioavailability. When altered using
polyethylene glycol (PEG) to create “stealth"
liposomes, their structure resembles that of natural
cellular ~ membranes,  offering  exceptional
biocompatibility. They also avoid the immune
system, prolonging their circulation time.[25]

MECHANISM OF ACTION

Effective intracellular medication
administration is made possible by liposomes'
capacity to fuse with cell membranes; this property
is significant for cardiovascular applications.
PEGylation improves their drug transport efficacy
and stealth  qualities by delaying the
reticuloendothelial system's quick clearance. Many
cardiovascular treatments now have higher
bioavailability thanks in large part to this
technique.[26]

1. POLYMERICNANOP ARTICLES
In the field of nanomedicine, polymeric
nanoparticles (PNPs) have attracted a lot of interest
because of their adaptable characteristics and
potential for effective body absorption [28]. A wide
range of systems, including solid nanoparticles,

DOI: 10.35629/4494-100218871895 Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 1890



@. International Journal of Pharmaceutical Research and Applications

Volume 10, Issue 2 Mar—Apr 2025, pp: 1887-1895 www.ijprajournal.com

Q..
3 \

N\

JPRA Joumna

amphiphilic nanoparticles, dendrimers, and star-
shaped structures, are included in the category of
polymeric nanoparticles; each has distinct
architectural traits and attributes [29]. Numerous
nonbiodegradable polymers, such as
polymethylmethacrylate (PMMA),
poly(acrylamide), poly(styrene),and
poly(acrylates), have been extensively researched
for a range of uses; however, these materials have
been linked to chronic toxicity over time, which
has caused attention to shift toward biodegradable
alternatives [30].

Polylactic acid (PLA), polyglycolic acid
(PGA), and poly-lactic-co- glycolic acid (PLGA)
are the most often utilized polymers for
biodegradable nanocarriers. These substances can
naturally decompose into carbon dioxide and water,
which makes them biodegradable and suitable for
drug administration. The most researched of these
for the treatment of cardiovascular disease is PLGA
because of its efficient drug release and
biocompatibility [35].

MECHANISM OF ACTION

PNPs can adsorb pharmaceuticals onto
their surface or encapsulate them within their core,
making them a flexible drug delivery platform.
These nanoparticles can be designed to release
drugs in a regulated manner using processes like
diffusion, erosion, and stimuli-responsive systems
(including pH, temperature, and light). To improve
the accuracy of drug administration, stimuli-
responsive  PNPs can release medications in
response to particular internal or external triggers
[31-32]. Enhancing site- specific drug delivery in
particular cardiovascular tissues and types by
functionalizing PNPs with targeting ligands(such as
enzymes, antibodies, or peptides) can improve
therapeutic  outcomes and minimize  side
effects[33].

I1l. DENDRIMERS BASED THERAPIES

Dendrimers are extremely branching, tree-
like polymers that provide a distinct structure with
several surface functional groups, which makes
them perfect for targeted delivery and drug
conjugation. A high drug- loading capacity, multi
functionality, and exact control over their size,
shape, and surface characteristics are only a few
benefits of their construction. These characteristics
make dendrimers particularly successful in various
therapeutic applications, such as the treatment of
cancer and cardiovascular disease, by improving
the solubility and bioavailability of

medications[36]

MECHANISM OF ACTION

Drugs can be transported by dendrimers
either by conjugating them to their many surface
groups with specific ligands or antibodies for active
targeting or by encasing them within their interior
cavities. Their well- defined size and shape help to
provide predictable and consistent pharmacokinetic
profiles, and their highly branching structure
enables a high drug-loading capacity. Dendrimers
are also excellent candidates for theranostic
applications, which combine therapy and
diagnostics on a single platform, because their
multivalent surface can be functionalized with
targeted ligands or imaging agents. Of the many
dendrimers utilized for drug administration, the
polyamidoamine (PAMAM) dendrimer is the one
that is chosen the most frequently [41-34]

IV. IN ORGANIC NANO PARTICLES

A broad class of nanomaterials with
distinct physicochemical characteristics, inorganic
nanoparticles are ideal for biological uses, such as
the management of cardiovascular diseases. These
nanoparticles are oftendividedintometallic,non-
metallic,carbon-basednanomaterials,and  quantum
dots according to their composition; each has
unique characteristics that make it useful for certain
medical therapeutic and diagnostic applications[38-
39]

MECHANISM OF ACTION

Gold, iron oxide, and silica nanoparticles
are examples of inorganic nanoparticles that have
unique optical, magnetic, and thermal properties
that make them ideal for various cardiovascular
medical applications. These characteristics could be
utilized. Their surfaces are readily functionalized
with therapeutic compounds or targeting ligands in
drug delivery, allowing for the tailored delivery of
medications to sick tissues with the least amount of
systemic exposure[40].

V. CHALLENGES AND FUTURE
DIRECTIONS

A number of obstacles stand in the way of
the clinical application of nanoparticle-based
treatments in cardiovascular health, despite
encouraging preclinical findings. Potential long-
term toxicity, accumulation in non-target organs,
and the requirement for thorough assessments of
their bio distribution and clearance are some of the
common problems that inorganic nanoparticles
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encounter [38-40]. Clinical adoptionofdendrimer-
basedtherapeuticsiscomplicatedbyissuessuchas lack
of biodegradability, expensive manufacturing, and
cytotoxicity at higher doses [41]. In order to
address worries about toxicity from degradation,
polymeric nanoparticles need to have their drug
loading, release  kinetics, and stability further
optimized [28-29]. In addition to the difficulty in
precisely targeting liposomes in cardiovascular
tissues, liposomes pose issues with scalable
production, stability during storage, and the
potential for immunological reactions with repeated
treatment.

Ensuring biocompatibility is one of the
biological issues since long-term safety profiles are
frequently ambiguous, which raises questions
regarding immunological reactions and
accumulation in non-target organs. Because the
size, shape, and surface characteristics of
nanoparticles greatly affect how they behave in
vivo, it is imperative to optimize bio distribution
and clearance. Despite encouraging in vitro results,
achieving effective targeting in the intricate
cardiovascular milieu is still a challenge.

Technological problems include
improving drug release Kinetics, preserving
formulation stability during storage, and scaling up
production to satisfy GMP standards. Because
nanoparticle-based treatments are frequently
categorized as combination products, which leads
to uncertainty in the approval processes, regulatory
frameworks continue to be a major obstacle. To
overcome these obstacles, cooperation is needed to
create rules that take into account the special
characteristics of nanoparticles [45-46-47].

VI. CONCLUSION

The treatment of cardiovascular illness
could be revolutionized by nanoparticle-based
medicines because they improve medication
delivery, reduce side effects, and improve
therapeutic outcomes. Platforms that provide
flexible answers for the intricacies of
cardiovascular  therapy include  liposomes,
polymeric nanoparticles, dendrimers, and inorganic
nanoparticles. Better targeting and innovative
treatments are demonstrated by preclinical
research, but implementing these developments in
clinical practice is fraught with difficulties, such as
biocompatibility, scalable manufacturing, and
regulatory  barriers. Creating multifunctional
nanoparticles that can deliver combination
medicines, integrate diagnostics with therapy, and
adjust to the cardiovascular environment is the way

of the future.

More treatments will probably make it to
clinical trials as our knowledge of nanoparticle
interactions and manufacturing processes develops.
Continued cooperation between  researchers,
physicians, and regulatory agencies will be
necessary for success. With careful work,
treatments based on nanoparticles may greatly
improve the treatment of cardiovascular conditions,
improving patient outcomes in this crucial area

CHALLENGES AND FUTURE DIRECTIONS
The most encouraging results for near-
future developments are given by gliflozins.
Encouraging results in type 2 diabetic patients with
prior CV events from the EMPAREG-HF study
(empagliflozin), from the CANVAS program (can
agliflozin), and from the DECLARE-TIMI 58 trial
(dapagliflozin)induced researchers to test SGLT2i
in people with HF regardless of the presence of
diabetes mellitus. Results from the DAPA- HF trial
and the EMPEROR-Reduced trial in both diabetics
and non- diabetics showed an important reduction
in CV death and HF hospitalization. The
mechanisms underlying the cardiac effects of
gliflozins have not yet been fully defined, although
possible effects of these drugs on cardiomyocytes
couldbe supposed. Ongoing clinical trials will
clarify the effects and mechanisms of gliflozins in
HFrEF and HFpEF patients with and without
T2DM. New results havebeen derived from the
studies on end othelial function in CHF; especially
interesting results have been obtained in HFpEF in
treatment with empagliflozin. Other possible
approaches for the future include RyR2 and its
associated accessory proteins, which might be
potential new drug targets. RyR2 placed on the
sarcoplasmic reticulum produces systolic Ca?*
transients within cardiomyocytes. Appropriate
functioning of RyR2 is therefore pivotal to the
timing and force produced by cardiomyocytes.
Impaired intracellular Ca2* handling secondary to
impaired function of RyR2 may be related to
HF.NormalcardiacCa2* handling is also due to
striated muscle preferably expressing protein
kinase (SPEG), a member of the myosin light chain
kinase family. SPEG has been causally linked to
HF and a trial fibrillation, so it can be taken into
consideration. Gene therapy is still far from being
clinically applicable. The gene cysteine-rich
secretory protein LCCL domain containing 1
(CRISPLD1) is over expressed in HF. The down
regulation of some signaling pathways upon
CRISPLD1-KO implicates a role in adverse
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remodeling. These discoveries offer novel
candidate genes with encouraging potential roles
for therapeutic intervention. The cardiac bridging
integrator 1 gene (cBIN1) therapy stabilizes the
subcellular membrane within cardiomyocytes.
Preserving the intracellular distribution of calcium
potentially could be a new way forward to finding
new drugs[20].

Gene therapy has yet to be used in clinical
settings. The over expression of the gene cysteine-
rich secretory protein LCCL domain-containing 1
(CRISPLDL1) is observed in heart failure. Certain
signaling pathways are down regulated by
CRISPLD1-KO, which suggests an involvement in
unfavorable remodeling. These findings present
new candidate genes with promising potential use
in therapeutic approaches. By maintaining the
intracellular calcium distribution and stabilizing the
sub cellular membrane within cardiomyocytes,
cardiac bridging integrator 1 gene (cBIN1) therapy
may pave the way for the development of novel
medications[17].

CONCLUSION

Heart failure continues to be a serious
health problem despite advancements in medicine,
leading to high morbidity and medical costs.
Promising outcomes have lately been observed
from ongoing efforts to improve medical care
aimed at these high-risk groups. Heart failure with
maintained ejection fraction is still difficult to treat
because there aren't many evidence-based treatment
alternatives. Reducing the global illness burden
may be achieved by implementing early, suitable
risk factor adjustments and wusing artificial
intelligence to identify at- risk groups. The next
significant advancement in the treatment of heart
failure will be gene therapy using cutting-edge
gene-editing technologies.
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