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Introduction

Heart failure (HF) is a complex clinical syndrome characterized by the
inability of the heart to pump blood efficiently to meet the body's metabolic
demands. It is a leading cause of morbidity and mortality worldwide, with
a significant impact on healthcare systems. Heart failure can be broadly
classified into two main types based on the ejection fraction (EF) of the left
ventricle: heart failure with reduced ejection fraction (HFrEF) and heart failure
with preserved ejection fraction (HFpEF) [1,2]. In this article, we will delve into
the pathophysiology of HFpEF and explore the evolving treatment strategies
that have emerged to address this challenging condition.

Description

Pathophysiology of hfpef

HFpEF, also known as diastolic heart failure, is characterized by the
presence of normal or near-normal left ventricular ejection fraction (usually
>50%) along with signs and symptoms of heart failure. Unlike HFrEF, where
impaired contractility is a predominant feature, HFpEF is primarily driven by
diastolic dysfunction, which refers to abnormalities in ventricular relaxation
and filling [3]. Several key pathophysiological mechanisms contribute to the
development of HFpEF.

1. Ventricular stiffness and fibrosis: One of the central
pathophysiological features of HFpEF is increased ventricular
stiffness due to myocardial fibrosis and altered extracellular matrix
composition. This leads to impaired relaxation during diastole, limiting
the heart's ability to fill adequately with blood. Fibrosis and collagen
deposition contribute to reduced compliance of the myocardium,
resulting in elevated filling pressures and ultimately leading to the
clinical manifestations of heart failure.

2. Impaired myocardial relaxation: In normal circumstances, during
diastole, the heart muscle relaxes to allow blood to flow into the
ventricles. In HFpEF, impaired relaxation of the myocardium hinders
the proper filling of the ventricles. This impairment is often due to
abnormalities in calcium handling, altered myofilament sensitivity to
calcium and disturbances in the function of ion channels involved in
myocardial relaxation.

3. Endothelial dysfunction and inflammation: Endothelial
dysfunction, characterized by impaired nitric oxide signaling and
increased oxidative stress, plays a significant role in HFpEF. This
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dysfunction contributes to impaired vasodilation, increased vascular
resistance and reduced coronary perfusion. Additionally, chronic low-
grade inflammation is commonly observed in HFpEF patients and is
thought to contribute to myocardial fibrosis and diastolic dysfunction.

Obesity and metabolic abnormalities: Obesity and metabolic
syndrome are strong risk factors for the development of HFpEF.
These conditions contribute to insulin resistance, adipose tissue
dysfunction and alterations in metabolic pathways, which in turn
promote inflammation, fibrosis and impaired ventricular relaxation.

Aging: HFpEF is more prevalent in the elderly population and age-
related changes in cardiac structure and function contribute to its
pathogenesis. Aging is associated with increased ventricular stiffness,
reduced compliance and alterations in myocardial energetics.

Evolving treatment strategies

Treating HFpEF is challenging due to its heterogeneous etiology and
multifactorial pathophysiology. Historically, therapies for HFpEF have largely
been adapted from those used for HFrEF, with limited success [4]. However, in
recent years, our understanding of the distinct mechanisms underlying HFpEF
has led to the exploration of targeted treatment strategies.

1

Blood pressure control: Managing hypertension is a cornerstone
of HFpEF treatment. Tight blood pressure control can help reduce
left ventricular afterload and improve ventricular relaxation. Agents
such as Angiotensin-Converting Enzyme Inhibitors (ACEls),
Angiotensin Receptor Blockers (ARBs) and Mineralocorticoid
Receptor Antagonists (MRAs) have shown some benefits in improving
symptoms and reducing hospitalizations in HFpEF patients.

Diuretics: Fluid retention is common in HFpEF patients, leading
to congestion and worsening symptoms. Diuretics can alleviate
congestion and improve quality of life. However, their use should be
balanced to avoid excessive fluid loss and electrolyte imbalances.

Exercise training: Exercise training has emerged as a potential
therapeutic strategy for HFpEF. It can improve exercise capacity,
endothelial function and overall quality of life. Structured exercise
programs tailored to individual patients' needs are recommended.

Inhibition of myocardial fibrosis: Given the central role of fibrosis in
HFpEF, therapies targeting fibrotic pathways are being investigated.
Agents that inhibit Transforming Growth Factor-beta (TGF-} signaling,
such as pirfenidone and spironolactone, hold promise in reducing
myocardial fibrosis.

Nitric oxide pathway modulators: Enhancing the nitric oxide
pathway, which is impaired in HFpEF, is another area of interest.
Drugs like organic nitrates and Phosphodiesterase-5 Inhibitors
(PDESIs) aim to improve vasodilation and reduce afterload.

SGLT2 inhibitors: Sodium-glucose co-transporter 2 (SGLT2)
inhibitors, originally developed for diabetes management, have
shown potential benefits in HFpEF [5]. They reduce heart failure
hospitalizations, improve exercise capacity and may exert favorable
effects on myocardial metabolism and fibrosis.

Novel antifibrotic agents: Emerging antifibrotic therapies, such
as selective aldosterone synthase inhibitors and Connective Tissue
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Growth Factor (CTGF) inhibitors, are being investigated for their
potential to mitigate myocardial fibrosis and improve diastolic function.

8. Precision medicine approaches: As HFpEF is a heterogeneous
condition, precision medicine approaches that tailor treatments
to individual patient profiles hold promise. Biomarkers, genetic
factors and imaging techniques can guide personalized therapeutic
strategies.

Conclusion

In conclusion, HFpEF is a complex and multifaceted condition characterized
by diastolic dysfunction, fibrosis and inflammation. The pathophysiology of
HFpEF is distinct from HFrEF, necessitating targeted therapeutic approaches.
While significant progress has been made in understanding HFpEF's
mechanisms and developing novel treatment strategies, there is still much
to learn. Ongoing research, clinical trials and advancements in personalized
medicine offer hope for improving outcomes and quality of life for patients with
HFpEF.
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