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ABSTRACT 

Heart failure with preserved ejection fraction (HFpEF) is a complex clinical syndrome 

characterized by heart failure symptoms despite a normal left ventricular ejection 

fraction (≥50%). HFpEF accounts for nearly half of all heart failure hospitalizations 

and is associated with significant morbidity and mortality. The pathophysiology of 

HFpEF is multifactorial, involving impairments in cardiac, pulmonary, vascular, and 

peripheral function, often driven by comorbidities such as aging, obesity, 

hypertension, and metabolic disorders. Diagnosis of HFpEF requires the presence of 

compatible symptoms and signs, elevated natriuretic peptide levels, and objective 

evidence of cardiac structural and functional alterations. The H2FPEF score and the 

HFA-PEFF diagnostic algorithm have been proposed to aid in the diagnosis of HFpEF. 

Despite numerous clinical trials, no pharmacological therapies have consistently 

demonstrated a reduction in mortality or hospitalizations in HFpEF patients. Current 

management focuses on symptom relief with diuretics and treatment of 

comorbidities. Promising therapies under investigation include SGLT2 inhibitors, anti-

inflammatory agents, anti-fibrotic drugs, and novel devices targeting interatrial 

shunting and left atrial pacing. Non-pharmacological interventions, such as exercise 

training and dietary modifications, have shown improvements in exercise capacity 

and quality of life in HFpEF patients. Further research is needed to elucidate the 

complex pathophysiology of HFpEF and develop targeted therapies that improve 

clinical outcomes in this challenging patient population.  

KEYWORDS: HFpEF, pharmacologic therapy, heart failure. 
 

1. Introduction 

Heart failure (HF) with preserved ejection fraction (EF; HFpEF) represents a clinical 

condition marked by HF symptoms despite a "preserved" (i.e., 50%) left ventricular 

(LV) ejection fraction (LVEF) and is associated with cardiac dysfunction as a 

primary factor contributing to symptoms (for example, abnormal LV filling and 

elevated filling pressures). At present, HFpEF impacts around 4.9% of individuals 

aged ≥60 in the general population and constitutes nearly half of all HF 

hospitalizations retrospective and observational studies focusing primarily on 

hospitalized patients, classified according to LVEF alone, indicated that 

hospitalization and mortality rates among HFpEF patients were comparable to those 

in patients diagnosed with HF with reduced EF (HFrEF)(Owan et al., 2006; Van Riet 

et al., 2016). In prospective and randomized studies where HFpEF diagnosis was 

based on stricter criteria, excluding other causes of HF (such as valvular heart 

diseases, restrictive or infiltrative cardiomyopathies, and pericardial diseases), 

cardiovascular (CV) mortality observed in HFpEF was lower than in HFrEF patients 

(Del Buono et al., 2018). 

To date, numerous randomized controlled trials have not identified pharmacological 

therapies that positively impact clinical outcomes in HFpEF, potentially due to the 

unfavourable "one-size-fits-all" approach applied to its management (Borlaug, 

2020). There is an increasing interest for clinicians and clinical scientists in 
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understanding the pathophysiological mechanisms underlying HFpEF and its 

phenotypic diversity, with the hope of developing novel therapeutic strategies. The 

purpose of the present review is to preview of HFpEF pathophysiology and 

diagnostic pathways, focusing on recent advances in treatment strategies and their 

possible applications in clinical practice (Shah et al., 2020). 

HFpEF Pathophysiology 

HFrEF is defined by distinct cardiac abnormalities, with a central feature of impaired 

LV systolic function, while HFpEF has conventionally been diagnosed as a clinical 

HF syndrome occurring with a normal EF (Braunwald, 2013). Diastolic dysfunction 

has emerged as central to the drome, with substantial evidence indicating failure of 

the Frank-Starling mechanism, defined as the inability to translate an increase in LV 

filling pressure into an increase in cardiac output or doing so only with abnormally 

elevated filling pressures (Borlaug, 2014). Key determinants of diastolic dysfunction 

include impaired Lon (impaired lusitropy) and/or increased LV stiffness (decreased 

compliance), both of which frequently co-exist, leading to increased LV end-diastole 

and hindered ventricular filling, as indicated by changes in the LV pressure-volume 

loop. In recent years, however, there has been a shift in perspective from HFpEF as 

HF" to a complex multiorgan syndrome caused by a combination of multiple 

significant abnormalities, which often co-occur. These include LV systolic 

dysfunction (reduced LV long-axis systolic function), right ventricular systolic 

dysfunction, pulmonary hypertension, chronotropic incompetence (CI)/autonomic 

dysfunction, atrial dysfunction (reduced left atrial [LA] reservoir and contractile 

function), systemic vascular dysfunction, pericardial restraint, abnormal cardiorenal 

interaction, and peripheral abnormalities (skeletal muscle dysfunction) (Del Buono, 

Arena, et al., 2019; Houstis et al., 2018). Many of these abnormalities are not 

noticeable at rest but manifest only under physiological reserve capacity. These 

impairments in cardiac, pulmonary, vascular, and peripheral reserve can be attributed 

to common risk factors like ageing, obesity, hypertension, and systemic metabolic 

disorders (Abudiab et al., 2013). A unifying hypothesis suggests that a pro-

inflammatory environment driven by systemic multimorbidity may promote 

widespread micro vascular inflammation, leading to microvascular rarefaction and 

cardiac and extracardiac fibrosis that jointly contribute to the development and 

progression of HFpEF (Pfeffer et al., 2019). Notably, patients presenting with HF, 

LVEF ≥50%, and symptoms resulting from an identifiable cause of diastolic 

dysfunction and exercise intolerance as HFpEF but rather as "HFpEF mimics" or 

"secondary" HFpEF (e.g., due to valvular, myocardial, or pericardial diseases) 

(Borlaug, 2020). Classifying these secondary HFpEF phenotypes is crucial for 

selecting the most appropriate treatment, which can significantly improve symptoms. 

Additionally, the prognostic outlook considerably depending on the underlying 

pathology, which may be treatable (e.g., valvular heart disease, pericardial disease) 

or untreatable (e.g., restrictive cardiomyopathy following radiotherapy). 

HFpEF Definition and Diagnostic Algorithm 

According to the most recent guidelines from the European Society of Cardiology 

(ESC), the diagnosis of HFpEF requires the presence of compatible symptoms and 

signs, a “preserved” EF (defined as LVEF ≥50%), elevated levels of natriuretic 
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peptides (brain natriuretic peptide [BNP] >35 pg/mL and/or N-terminal-pro hormone 

BNP [NT-proBNP] >125 pg/mL), and objective evidence of cardiac functional and 

structural alterations consistent with HF . In cases where there is diagnostic 

uncertainty, stress testing or invasive measures of elevated LV filling pressures may 

be necessary (Obokata, Kane, et al., 2017; Ponikowski et al., 2016). 

Over recent years, additional diagnostic criteria have been suggested, emphasizing 

an integrated approach (Reddy et al., 2018). In 2018, Reddy et al. introduced a novel 

scoring system, the H2FPEF score, designed to differentiate HFpEF from non-

cardiac causes of dyspnea. The H2FPEF score (ranging from 0 to 9) is derived from 

universally accessible criteria and includes six clinical and echocardiographic 

parameters: obesity (body mass index [BMI] >30 kg/m²), 2 points; atrial fibrillation 

(AF), 3 points; age >60 years, 1 point; treatment with two or more antihypertensive 

drugs, 1 point; E/e' ratio >9, 3 points; and pulmonary artery systolic pressure >35 

mmHg, 1 point . The H2FPEF score's primary advantage is that it accurately 

estimates the probability of HFpEF as the cause of symptoms, guiding further 

diagnostic evaluation (Reddy et al., 2018). A low score (0–1) correlates with a 

pretest probability of <20%, making HFpEF diagnosis unlikely and pointing to non-

cardiac causes of symptoms. In contrast, a high score (6–9) correlates with a >90% 

probability of HFpEF, strongly suggesting its diagnosis. Patients with intermediate 

scores (2–5) require further assessment for a conclusive diagnosis (Reddy et al., 

2018). 

Some H2FPEF criteria, such as older age and obesity, are non-specific to HFpEF and 

are often observed in populations without the disease (Del Buono, Carbone, et al., 

2019). Consequently, the score should only be applied clinically as initially studied: 

to patients presenting with unexplained dyspnea. 

Recently, the Heart Failure Association (HFA) of the ESC released a consensus 

document with updated information on HFpEF pathophysiology and diagnostics, 

which introduced the HFA-PEFF diagnostic algorithm (Pieske et al., 2019). This 

algorithm uses a stepwise approach in four stages. Step 1 (P=Pre-test assessment) 

takes place in an outpatient setting and involves evaluating HF symptoms and signs, 

clinical characteristics associated with the HFpEF phenotype, laboratory testing 

(including NT-proBNP values), and electrocardiography. When overt non-cardiac 

causes of dyspnea are absent, HFpEF is suspected if LVEF is normal (>50%), there 

is no significant valvular disease or ischemia, and at least one typical risk factor is 

present. Elevated natriuretic peptide levels support diagnosis, but normal levels do 

not exclude HFpEF, as NT-proBNP increases are generally less pronounced in 

HFpEF than in HFrEF due to factors like high obesity prevalence (which associates 

with greater clearance and reduced synthesis of natriuretic peptides) and elevated LV 

filling pressures that appear only during exercise testing (especially in early 

syndrome stages) (Obokata, Reddy, et al., 2017). 

Upon completing the initial assessment, Step 2 (E: Echocardiography and Natriuretic 

Peptide Score) follows. This stage requires input from a cardiovascular or HF 

specialist, as it includes comprehensive echocardiography. To enhance specificity, 

higher natriuretic peptide thresholds are recommended as a primary criterion, with 
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stratification based on sinus rhythm or AF. As previously noted, normal natriuretic 

peptide levels do not definitively rule out HFpEF in cases of clinical suspicion, 

which necessitates further evaluation (e.g., hemodynamic exercise testing) (Obokata, 

Kane, et al., 2017). 

Using echocardiographic functional, morphological, and biomarker domains, major 

(2 points) and minor (1 point) criteria were established to create a comprehensive 

scoring system, with each domain contributing up to 2 points. A score ≥5 indicates a 

definitive HFpEF diagnosis, whereas ≤1 suggests an unlikely diagnosis. An 

intermediate score (2–4 points) indicates diagnostic uncertainty, warranting Step 3 

(F1: Functional testing) with echocardiographic or invasive hemodynamic exercise 

stress tests. The latter is currently considered the "gold standard" for HFpEF 

diagnosis due to its high accuracy and its capability for early detection. A recent 

study involving 267 individuals with normal filling pressures at rest found that 45% 

exhibited elevated filling pressures only during invasive hemodynamic exercise 

testing (Reddy et al., 2018). Finally, Step 4 (F2: Final etiology) is recommended to 

identify any specific "secondary" cause of HFpEF or alternative explanations for 

symptoms (Pieske et al., 2019). The HFA consensus document underscores the 

importance of distinguishing between “primary” and “secondary/masquerade” 

HFpEF forms. 

Pharmacological and Non-Pharmacological Treatments of HFpEF 

Currently, no treatment has been shown to reduce clinical events such as 

cardiovascular or all-cause mortality in HFpEF. Therefore, guidelines only 

recommend diuretics for fluid management and symptom relief (e.g., edema 

(Adamson et al., 2014)) and the management of comorbidities (e.g., hypertension, 

obesity, chronic obstructive pulmonary disease) (Ponikowski et al., 2016). 

Treatments such as beta-blockers (BBs), angiotensin-converting enzyme inhibitors 

(ACEIs), angiotensin II receptor blockers (ARBs), mineralocorticoid receptor 

antagonists (MRAs), and angiotensin receptor-neprilysin inhibitors (ARNIs) have 

not met their primary endpoints in cardiovascular outcomes trials, although some 

have shown potential benefits in secondary outcomes. The lack of effective 

therapeutic options on clinical outcomes is likely due to the complexity of HFpEF 

pathophysiology; various factors can contribute to HFpEF development and 

progression, and new pathophysiological pathways are being investigated as 

potential therapeutic targets. Additionally, innovative interventional devices and 

techniques have shown promising results. 

Pharmacological Treatments 

Beta-blockers 

While BBs have consistently demonstrated reductions in death and hospitalizations 

among HFrEF patients (EF <35%), this benefit has not been observed in HFpEF 

patients. In the SENIORS trial (Study of the Effects of Nebivolol Intervention on 

Outcomes and Rehospitalization in Seniors with Heart Failure), which evaluated 

nebivolol, a beta-1-selective antagonist with vasodilatory properties, in elderly HF 

patients, approximately one-third of whom had an EF >35% (Flather et al., 2005), 

nebivolol improved the composite outcome of death or cardiovascular 
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hospitalization. This benefit appeared to be similar among HF patients with both 

impaired and preserved EF; however, all-cause mortality was not reduced. The 

ELANDD study (The Effect of Long-term Administration of Nebivolol on clinical 

symptoms, exercise capacity, and left ventricular function in patients with Diastolic 

Dysfunction), which examined nebivolol’s effects in an HFpEF population (LVEF 

>45%), found that nebivolol treatment did not improve the 6-minute walk distance 

(6MWD), peak oxygen consumption (VO2), New York Heart Association (NYHA) 

classification, or Minnesota Living with HF questionnaire scores when compared 

with placebo (Conraads et al., 2012; Flather et al., 2005). The JDHF study (Japanese 

Diastolic Heart Failure Study), which included HFpEF patients (LVEF >40%), found 

no reduction in the primary composite outcome (cardiovascular or all-cause death 

and unplanned hospitalization for cardiovascular causes) with carvedilol compared to 

placebo (Yamamoto et al., 2013). Finally, a patient-level meta-analysis of 11 

randomized controlled trials of BBs in HF patients revealed no evidence of benefit in 

the subgroup of patients in sinus rhythm with LVEF ≥50% (Cleland et al., 2018). 

Angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor 

blockers (ARBs) 

ACEIs and ARBs are critical pharmacotherapies in counteracting maladaptive 

overactivation of the renin-angiotensin-aldosterone system (RAAS) in heart failure 

with reduced ejection fraction (HFrEF). However, three randomized controlled trials 

focused on heart failure with preserved ejection fraction (HFpEF) did not achieve 

positive outcomes in HFpEF cohorts. These trials include the Candesartan in Patients 

with Chronic Heart Failure and Preserved Left-Ventricular Ejection Fraction 

(CHARM preserved (Yusuf et al., 2003)) perindopril in Elderly People with Chronic 

Heart Failure (PEP-CHF) (Cleland, 2006), and Irbesartan in heart Failure with 

Preserved Ejection Fraction Study (I-PRESERVE) (Massie et al., 2008). 

The CHARM- Preserved randomized 3023 patients with New York Heart 

Association (NYHA) class II–IV heart failure, a history of cardiac hospitalization, 

and an LVEF >40% (according to site reports) to receive either candesartan or a 

placebo. After a median follow-up of 36.6 months, the primary composite endpoint 

of cardiovascular (CV) death or hospitalization for heart failure (HF) occurred in 

22% of patients in the candesartan group compared to 24% in the placebo group 

(hazard ratio [HR], 0.89; 95% confidence interval [CI]: 0.77–1.03; P = 0.12), with a 

statistically significant reduction in HF hospitalizations in the candesartan group 

(adjusted HR 0.84; 95% CI: 0.70–1.00; P = 0.047). 

The PEP-CHF trial included 850 HF patients aged ≥70 years, each with an LVEF 

>40% and evidence of diastolic dysfunction on echocardiography and randomized 

them to perindopril or placebo. With an average follow-up of 26.2 months, 

perindopril did not reduce the primary composite endpoint of all-cause mortality and 

HF hospitalization (HR, 0.92; CI: 0.70–1.21; P = 0.55), nor the secondary endpoint 

of HF hospitalization alone (HR, 0.86; CI: 0.61–1.20; P = 0.38). Patients receiving 

perindopril showed improvements in NYHA functional class and in 6-minute 

walking distance (6MWD). However, the trial was underpowered due to lower-than-

expected enrolment, event rates, and a high rate of treatment discontinuation in the 
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perindopril group. 

In the I-PRESERVE trial, 4128 individuals aged ≥60 years with NYHA class II–IV 

HF and an LVEF ≥45% were randomized to receive either irbesartan or placebo. No 

improvement was observed in the primary endpoint of all-cause mortality or CV 

hospitalization, nor in any prespecified secondary endpoints (Massie et al., 2008). 

In conclusion, although RAAS inhibition theoretically appears justified in HFpEF, 

clinical outcomes have largely been neutral, with only a slight positive signal from 

candesartan for reducing HF hospitalizations (Yusuf et al., 2003). 

Mineralocorticoid receptors (MRAs)  

MRAs including spironolactone and eplerenone, have demonstrated efficacy in 

reducing overall mortality and hospitalizations for HFrEF (Pitt et al., 1999; Zannad 

et al., 2011). In the ALDO-DHF study, MRAs improved measures of diastolic 

function but did not impact maximal exercise capacity, symptoms, or quality of life 

(QoL) in patients with HFpEF (Edelmann et al., 2013). The TOPCAT trial 

(Treatment of Preserved Cardiac Function with an Aldosterone Antagonist) 

randomized 3445 HF patients with LVEF ≥45% to receive either spironolactone or 

placebo (Pitt et al., 2014). At a mean follow-up of 3.3 years, there was no significant 

difference outcome of CV death, aborted cardiac arrest, or HF hospitalizations (HR, 

0.89; CI: 0.77–1.04; P = 0.14), though a reduction in the secondary endpoint of HF 

hospitalizations favoured spironolactone (HR, 0.83; CI: 0.69–0.99; P = 0.04). A 

significant interaction was noted based on geographic location, with patients in the 

Americas experiencing reduced primary outcome events (HR, 0.82; CI: 0.69–0.98; P 

= 0.03), unlike those in Russia or Georgia, where event rates were low. Ongoing 

studies, such as the SPIRRIT trial (Spironolactone Initiation Registry Randomized 

Interventional Trial in Heart Failure with Preserved Ejection Fraction, aim to clarify 

spironolactone's therapeutic efficacy (Pitt et al., 2014). 

The STRUCTURE study (Spironolactone in myocardial dysfunction with reduced 

capacity) found that six months of spironolactone treatment improved exercise 

capacity in HFpEF patients with NYHA class II–III symptoms and an elevated 

exertional E/e' ratio (>13). This improvement in exercise capacity, measured by 

cardiopulmonary exercise testing parameters, seemed to correlate with better E/e' 

ratios during exertion. By enrolling patients with elevated exertional E/e' ratios, 

while excluding those with atrial arrhythmias and ischemic heart disease, the study 

may have selected a subgroup more responsive to MRAs (Kosmala et al., 2016). 

Angiotensin receptor-neprilysin inhibitors (ARNI) 

ARNI specifically sacubitril/valsartan, RAAS inhibition and enhancement of 

endogenous vasoactive peptides. The PARAGON-HF trial (Prospective Comparison 

of ARNI with ARB Global Outcomes in HF with Preserved Ejection Fraction) 

(McMurray et al., 2014; Solomon et al., 2019), conducted after sacubitril/valsartan's 

success in HFrEF in the PARADIGM-HF study and its NT-proBNP-lowering effects 

in HFpEF patients in the PARAMOUNT trial, assigned 4822 HFpEF patients with 

LVEF ≥45% to either sacubitril/valsartan or valsartan alone (Solomon et al., 2019). 

of total HF hospitalizations and CV death saw a 13% relative reduction, missing 

statistical significance a narrow margin (rate ratio [RR] 0.87; 95% CI: 0.75–1.01; P = 
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0.06). Secondary analyses indicated a modest reduction in HF hospitalization rates 

with sacubitril/valsartan (RR 0.85; CI: 0.72–1.00). 

Notably, subgroup analyses revealed a significant primary endpoint reduction in 

patients with an EF below the 57% median (RR 0.78; CI: 0.64–0.95) and among 

women (RR 0.73; CI: 0.59–0.90) (Del Buono et al., 2020; O’Connor & deFilippi, 

2019). A recent post-hoc analysis of PARAGON-HF demonstrated an efficacy 

gradient, with greater relative risk reduction in primary events for p 30 days of prior 

hospitalization, underscoring the potential advantage of early intervention with 

sacubitril/valsartan in high-risk periods (Vaduganathan et al., 2020; Ventura et al., 

2020). The PARAGLIDE-HF study (Safety and Tolerability of In-hospital Initiation 

of LCZ696 Compared to Valsartan in HFpEF Patients with Acute Decompensated 

Heart t Failure [ADHF] Who Have Been Stabilized During Hospitalization will 

assess sacubitril-valsartan's effects on natriuretic peptides within 4–8 weeks for 

HFpEF patients hospitalized for acute decompensated HF. 

Digoxin 

Digoxin is among the oldest and least expensive drugs for HF management, retains a 

role in managing HFrEF and atrial fibrillation by reducing ventricular rate. The 

Ancillary Digitalis Investigation Group (DIG) trial examined digoxin's impact on 

ambulatory patients in sinus rhythm with HF and LVEF >45% compared to placebo 

but found no significant effect on HF mortality or HF hospitalization as a primary 

endpoint (Ahmed et al., 2006). 

Ivabradine  

a selective sinus node inhibitor, has shown beneficial effects in HFrEF patients with 

LVEF ≤35% and sinus heart rates ≥70 beats per minute who were on beta-blockers 

in the EDIFY trial (prEserveD left ventricular ejection fraction chronic heart Failure 

with ivabradine Study), ivabradine failed to improve diastolic function, exercise 

capacity, NP levels in HFpEF patients after eight months of treatment (Komajda et 

al., 2017). 

Nitrates 

In HFpEF, the presence of comorbidities contributes to a low-grade systemic 

inflammatory state that results in endothelial dysfunction and a consequent reduction 

in nitric oxide (NO) synthesis. This deficiency in NO impairs stimulation of soluble 

guanylate cyclase (sGC), which then reduces cyclic guanosine monophosphate 

(cGMP) and protein kinase G (PKG) signalling (Greene et al., 2013). Studies have 

shown that the cGMP pathway is essential for cardiovascular functionality, and its 

activity is notably decreased in HF, including HFpEF [48]. In initial clinical trials 

aimed at restoring intracellular cGMP signalling, the NEAT-HFpEF study (Nitrate's 

Effect on Activity Tolerance in Heart Failure with Preserved Ejection Fraction) 

investigated isosorbide mononitrate, and the INDIE-HFpEF trial (Inorganic Nitrite 

Delivery to Improve Exercise Capacity in Heart Failure with Preserved Ejection 

Fraction) evaluated inhaled inorganic nitrite. Unfortunately, both trials failed to 

demonstrate improved exercise tolerance; in NEAT-HFpEF, a decrease in overall 
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physical activity measured by an accelerometer was observed (Redfield et al., 2015). 

Ongoing trials are testing oral inorganic nitrate/nitrite formulations in HFpEF the 

lack of significant benefits may be attributed to the limitations inherent in NO 

substitution via nitrates, such as tolerance, pseudo-tolerance, paradoxical endothelial 

dysfunction, or issues with nitrite inhalation delivery devices (Borlaug, Anstrom, et 

al., 2018). 

Phosphodiesterase-5 Inhibitors 

The phosphodiesterase-5a (PDE-5a) isoform, known to break down cGMP, which is 

integral to NO and natriuretic peptide signalling, has been targeted by PDE-5 

inhibitors such as sildenafil (Bishu et al., 2011). In a single-center trial involving 44 

HFpEF patients (LVEF ≥50%) with pulmonary hypertension (systolic pulmonary 

artery pressure > 40 mmHg), sildenafil improved hemodynamic parameters and 

quality of life (QoL) after 6 and 12 months. However, these results were not 

replicated in the larger, multi-center RELAX trial, which found no benefits of 

sildenafil for HFpEF patients regardless of pulmonary hypertension status (Komajda 

et al., 2017; Redfield et al., 2013). It was hypothesized that sildenafil might still 

benefit HFpEF patients with comorbid pulmonary hypertension, but subsequent 

smaller trials failed to observe any hemodynamic or clinical improvements in this 

subgroup (Hoendermis et al., 2015). The limited efficacy might be due to impaired 

endothelial NO synthase function, which results in insufficient endogenous cGMP 

production rather than excessive PDE-5-mediated cGMP breakdown. This insight 

has led to interest in direct sGC stimulators, which can enhance cGMP production 

independently of NO. 

Soluble Guanylate Cyclase (sGC) Activators 

Vericiguat, an sGC stimulator, was tested in the phase II SOCRATES-PRESERVED 

trial, where it did not reduce NT-proBNP levels or left atrial (LA) volume, which 

were the prespecified endpoints over a 12-week period. Despite this, post-hoc 

analyses suggested significant improvements in the Kansas City Cardiomyopathy 

Questionnaire (KCCQ) scores, highlighting improvements in patient-relevant health 

measures. The recently concluded VITALITY-HFpEF trial (Evaluate the Efficacy 

and Safety of the Oral sGC Stimulator Vericiguat to Improve Physical Functioning 

in Daily Living Activities of Patients with Heart Failure and Preserved Ejection 

Fraction, NCT03547583) was designed to explore whether vericiguat can enhance 

physical function in HFpEF patients, though the findings have not yet been 

published (Pieske et al., 2017). 

Iloprost 

Iloprost, a prostacyclin analogue, causes vasodilation in systemic and pulmonary 

circulation, limits vascular smooth muscle proliferation, and can reduce pulmonary 

vascular resistance with long-term use (Lang & Gaine, 2015). The ILO-HOPE trial 

(Inhaled Iloprost and Exercise Hemodynamics and Ventricular Performance in Heart 

Failure with Preserved Ejection Fraction, is an ongoing double-blind, randomized, 

placebo-controlled study wherein HFpEF participants undergo invasive 

hemodynamic testing before and after treatment with either inhaled iloprost or a 

placebo during exercise. A preliminary study in ILO-HOPE participants revealed 
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that inhaled iloprost before exercise enhanced left ventricular (LV) systolic 

performance, assessed by global longitudinal systolic strain (GLS), and decreased 

LV diastolic filling load, as evidenced by improvements in E/Strain Rate during 

isovolumic relaxation and pulmonary pressures estimated from tricuspid 

regurgitation gradient (Huang et al., 2020). 

Adenosine A1-Agonists 

Neladenoson bialanate, a partial agonist of the adenosine A1 receptor, has shown 

potential in preclinical research to improve mitochondrial function, enhance 

sarco/endoplasmic reticulum Ca2+ ATPase activity, and optimize energy utilization, 

all without the typical adverse effects of complete A1 receptor agonists or 

antagonists (Greene et al., 2016). Such partial agonists have demonstrated benefits 

for mitochondrial function in skeletal muscle and myocardium, key contributors to 

exercise intolerance in HFpEF (Voors et al., 2018). However, phase 2b studies 

including the PANTHEON trial (A Trial to Study Neladenoson Bialanate Over 20 

Weeks in Patients with Chronic Heart Failure with Reduced Ejection Fraction) and 

PANACHE trial (Partial Adenosine A1 receptor agonist in patients with Chronic 

Heart failure and preserved Ejection fraction) did not yield significant clinical 

benefits, with no improvements in exercise capacity in HFpEF patients (Voors et al., 

2019, 2019). 

SGLT2-Inhibitors 

Large-scale clinical trials in patients with type 2 diabetes mellitus have shown that 

sodium-glucose cotransporter 2 (SGLT2) inhibitors, including dapagliflozin, 

empagliflozin, and canagliflozin, effectively reduce hospitalization rates for heart 

failure and, in some cases, lower all-cause mortality and cardiovascular death, 

particularly with empagliflozin, while similar trends are noted with canagliflozin 

(Neal et al., 2017; Wiviott et al., 2019; Zinman et al., 2015). Post-hoc analyses of 

these trials indicate a pronounced benefit in decreasing heart failure events in 

patients with HFrEF (Figtree et al., 2019; Kato et al., 2019). Notably, these 

beneficial outcomes appear early in treatment, suggesting that SGLT2 inhibitors may 

operate through mechanisms beyond those commonly associated with glucose-

lowering therapies (Carbone, Dixon, et al., 2018; Verma & McMurray, 2018). 

SGLT2 inhibitors facilitate osmotic diuresis and natriuresis, leading to favorable 

hemodynamic effects on cardiac and renal function without activating the RAAS 

(Carbone, Canada, et al., 2018). Moreover, they interact with the sodium-hydrogen 

exchanger in the kidneys, potentially helping to counteract the diuretic resistance 

commonly observed in heart failure. In myocardial tissue, this exchanger is 

implicated in hypertrophy, fibrosis, remodeling, and systolic dysfunction processes. 

Additionally, SGLT2 inhibitors may yield metabolic benefits related to myocardial 

energetics and endothelial function (Kang et al., 2020). 

The DAPA-HF trial (Dapagliflozin and Prevention of Adverse Outcomes in Heart 

Failure) directly assessed the safety and efficacy of dapagliflozin in patients with 

HFrEF, finding that dapagliflozin lowered the risk of worsening heart failure or 

cardiovascular death, even in patients without type 2 diabetes mellitus. This trial also 
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demonstrated improvements in HF patients' quality of life (QoL) as measured by the 

KCCQ (McMurray et al., 2019). Two ongoing trials, DELIVER (Dapagliflozin 

Evaluation to Improve the LIVEs of Patients with Preserved Ejection Fraction Heart 

Failure, and EMPEROR-PRESERVED (Empagliflozin Outcome Trial in Patients 

with Chronic Heart Failure with Preserved Ejection Fraction, are examining whether 

dapagliflozin and empagliflozin, respectively, can reduce cardiovascular death or 

heart failure events in HFpEF patients, regardless of diabetes status. However, 

preliminary results from EMPERIAL-reduced (Exercise Ability and Heart Failure 

Symptoms in Patients with Chronic Heart Failure with Reduced Ejection Fraction, 

and EMPERIAL-preserved (Exercise Ability and Heart Failure Symptoms in 

Patients with Chronic Heart Failure with Preserved Ejection Fraction trials have 

shown no improvements in exercise capacity, as measured by the 6MWD, in either 

HFrEF or HFpEF populations after 12 weeks of empagliflozin treatment. Another 

trial, PRESERVED-HF (Dapagliflozin in Preserved Ejection Fraction Heart Failure, 

is currently investigating the effects of dapagliflozin on QoL and 6MWD. 

Anti-Inflammatory Drugs 

Interleukin-1 (IL-1) is a cytokine with a critical role in promoting fever and systemic 

inflammation (Van Tassell, Toldo, et al., 2013). Early studies have shown that IL-1 

exerts cardiodepressant effects on systolic function, decreases cardiac index, and 

impairs diastolic function by modulating sarcoplasmic reticulum proteins such as 

phospholamban and calcium-ATPase (Van Tassell et al., 2012; Van Tassell, 

Seropian, et al., 2013). In the D-HART2 trial (Diastolic Heart Failure Anakinra 

Response Trial 2), patients with HFpEF treated with anakinra, a recombinant IL-1 

receptor antagonist, for 12 weeks showed a reduction in systemic inflammation, as 

evidenced by lower C-reactive protein (CRP) levels. However, anakinra did not 

improve aerobic exercise capacity or ventilatory efficiency in these patients (Van 

Tassell et al., 2018). This finding contrasts with the favorable results of the earlier D-

HART pilot study, which may be partly explained by D-HART2’s limited sample 

size and the influence of non-cardiac factors, such as obesity, which can severely 

restrict exercise capacity and diminish anakinra's potential beneficial effects. 

Notably, while there was no improvement in aerobic capacity or ventilatory 

efficiency, anakinra was associated with positive trends in NT-proBNP reduction, 

increased exercise time, and improved QoL. Further large-scale studies are required 

to determine whether IL-1 inhibition through anakinra or other agents targeting the 

IL-1 pathway will prove beneficial for patients with HFpEF. 

Anti-Fibrotic Drugs 

The pathological similarities between idiopathic pulmonary fibrosis (IPF), where 

repeated lung injury leads to an overproduction of fibrotic mediators and excessive 

extracellular matrix deposition, and HFpEF, where comorbidities induce a systemic 

pro-inflammatory state followed by microvascular endothelial dysfunction and 

collagen deposition, have led researchers to hypothesize that anti-fibrotic therapies 

used in IPF may benefit cardiac outcomes in HFpEF (Graziani et al., 2018). In IPF, 

two large phase III trials, ASCEND (Efficacy and Safety of Pirfenidone in Patients 

with Idiopathic Pulmonary Fibrosis) and INPULSIS (Safety and Efficacy of BIBF 

1120 at High Dose in Idiopathic Pulmonary Fibrosis Patients), demonstrated that the 



Mansour Jalal Saif Alnassar, Abdulrahman Alhawah Saif Alrashdi, Abdulrahman Alhawah Saif Alrashdi, Maha 
Hamoud Sanat Alrashidi, Musaad Mahdi Mohammad Alshammeri, Abdulaziz Dakhilallah Alghamdi, Youssef 
Shami Merthib Alotaibi, Mohammed Eid Alotaibi, Bader Ayidh Ateeq Alshaibani, Abdulaziz Dakhilallah 
Alghamdi, Youssef Shami Merthib Alotaibi, Mohamed Ali Saleh Alawami, Ali Saeed Abdullah Alqahtani, 
Abdullah Mohammed Haef Alotaibi, Reem Ghareeb Alshammari  

253 
 
 

 

anti-fibrotic agents pirfenidone and nintedanib, respectively, slowed disease 

progression with manageable side effects (King et al., 2014; Richeldi et al., 2014). 

Pirfenidone inhibits collagen synthesis stimulated by TGF-β [82], while nintedanib 

antagonizes receptors for vascular endothelial growth factor (VEGF), fibroblast 

growth factor (FGF), and platelet-derived growth factor (PDGF) (Varone et al., 

2018). Currently, pirfenidone is being tested in the PIROUETTE phase 2 trial 

involving HFpEF patients (PIRfenidOne in patients with heart Failure and preserved 

Left Ventricular Ejection fraction). 

Iron Supplementation 

Iron deficiency is prevalent among HFrEF and HFpEF patients, affecting nearly 50% 

regardless of anemia status, and it is associated with poorer exercise capacity and 

functional outcomes, though there are mixed results regarding its impact on 

hospitalization rates and mortality (Beale et al., 2019; Klip et al., 2013). Due to 

limited oral absorption and common gastrointestinal side effects, intravenous iron 

supplementation is currently under investigation in the FAIR-HFpEF trial (Effect of 

IV Iron in Patients with Heart Failure with Preserved Ejection Fraction, to evaluate 

its potential to improve exercise capacity, as assessed by the 6MWD test. 

Non-pharmacological interventions 

Non-pharmacological interventions remain the most effective approach for 

improving exercise capacity and quality of life (QoL) in HFpEF patients, though the 

long-term clinical outcomes of these strategies are not yet well-defined. 

Lifestyle Interventions 

Physical inactivity, low fitness, and obesity are closely linked with HF risk over time 

and with structural cardiac abnormalities, such as left ventricular (LV) stiffness, 

which are often seen in HFpEF (Pandey, Garg, et al., 2015; Pandey et al., 2018). 

Interestingly, the HF risk associated with physical inactivity remains significant 

across all BMI categories, highlighting the cumulative impact of both obesity and 

lack of physical activity (Kenchaiah et al., 2009). In HFpEF patients, physical 

activity has been observed to correlate with improvements in QoL and the six-minute 

walk distance (6MWD); however, only high-intensity physical activity has shown a 

significant association with peak oxygen consumption (VO2), as noted in a 

secondary analysis of the ALDO-DHF trial (Bobenko et al., 2018). 

The prevalence of overweight and obesity in HFpEF is high, with over 80% of 

patients meeting these criteria in most studies, which contributes substantially to 

exercise limitations. Higher BMI is a stronger predictor for HFpEF than for heart 

failure with reduced ejection fraction (HFrEF) (Carbone et al., 2016; Kokkinos et al., 

2019). Despite its risk factor status, obesity appears to confer a better short- and 

medium-term prognosis in established HF cases, a phenomenon termed the "obesity 

paradox," potentially due to BMI’s limitations in characterizing obesity severity 

(Carbone et al., 2017; Carbone, Canada, et al., 2019; Carbone, Elagizi, et al., 2019). 

The strong association between physical inactivity, low fitness, obesity, and HFpEF 

risk underscores the value of lifestyle interventions focused on enhancing exercise 
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capacity, with the potential to improve clinical outcomes (Billingsley et al., 2019). 

Supervised exercise programs have shown QoL and exercise capacity benefits in 

HFpEF patients, though these gains have not correlated with changes in LV systolic 

or diastolic function, suggesting benefits may arise from extracardiac mechanisms 

such as improved muscle oxygen utilization or extraction (Pandey, Parashar, et al., 

2015). Furthermore, intentional weight loss has demonstrated significant positive 

effects on hemodynamics and QoL in HFpEF (Reddy et al., 2019; Rodriguez Flores 

et al., 2017). 

Additionally, evidence suggests that dietary improvements, particularly an increase 

in unsaturated fatty acids, may enhance exercise capacity in HFpEF patients, 

independent of calorie intake (Carbone, Billingsley, et al., 2019). Combined exercise 

and diet interventions were examined in a randomized controlled trial by Kitzman et 

al., revealing an additive benefit on exercise capacity, with a 17.5% improvement in 

peak VO2 compared to <10% with either exercise or diet alone. 

The Training HF trial recently demonstrated that inspiratory muscle training and 

functional electrical stimulation significantly enhanced exercise capacity (peak VO2) 

and QoL in HFpEF, without notable changes in echocardiographic diastolic indices, 

suggesting extracardiac effects (Palau et al., 2019). Further insights into the 

mechanisms driving the beneficial impacts of physical activity and weight loss could 

aid in developing more targeted exercise, dietary, and pharmacologic therapies. In 

summary, active lifestyle changes through exercise and healthy eating should be a 

core component of HFpEF management, given their broader health benefits and 

positive impact on exercise capacity. 

Interventional and Device Therapies 

With limited pharmacological options effectively addressing the altered biological 

pathways in HFpEF, several mechanical and device-based approaches have been 

explored to counteract the associated structural maladaptation. 

Inter-atrial Shunts 

Interatrial shunts are devices designed to lower left atrial (LA) pressure by creating 

an artificial inter-atrial passage. Devices like the V-Wave® (Rodés-Cabau et al., 

2018) and the IASD® (Interatrial Shunt Device (Hasenfuß et al., 2016)) have shown 

promising safety profiles in initial studies. The REDUCE LAP-HF I trial, a sham-

controlled study, randomized 44 patients with an ejection fraction (EF) ≥40% to 

receive the IASD® or control; the IASD® group showed significant reductions in 

pulmonary capillary wedge pressure during exercise after one month (Feldman et al., 

2018). Enhancements in pulmonary blood flow and oxygen content from septostomy 

have been associated with improved pulmonary artery function, particularly 

compliance, in HFpEF patients (Obokata et al., 2019). The REDUCE LAP-HF II 

trial will further investigate the IASD® device’s effects on a primary composite 

endpoint comprising cardiovascular (CV) mortality, ischemic stroke, HF hospital 

admissions, and baseline changes in the Kansas City Cardiomyopathy Questionnaire 

(KCCQ) score at 12 months. 
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LV Expanders 

The LV CORolla® device aims to enhance LV diastolic function, LV filling, and 

reduce LA pressure via an internal self-expanding mechanism. A clinical trial is 

underway to assess the safety and feasibility of the CORolla® in HFpEF patients 

with NYHA class III/IV symptoms, over a 12-month follow-up. 

Left Atrial Pacing 

HFpEF patients demonstrate increased intra-atrial dyssynchrony and decreased LA 

systolic and diastolic function, suggesting the "atrial hypothesis" of HFpEF (Sanchis 

et al., 2015). A pilot study by Laurent et al. inserted a coronary sinus led to actively 

pace the LA in six HFpEF patients with NYHA III/IV status and atrial 

dyssynchrony. After three months, pacing improved 6MWD and echocardiographic 

parameters, with a reversible response upon pacing deactivation. These effects await 

confirmation in the randomized LEAD study (Laurent et al., 2013). 

Rate-Adaptive Pacing 

Chronotropic incompetence (CI) is a major limiter of exercise capacity in HFpEF, 

making it a target for interventions (Borlaug et al., 2006). Trials such as RAPID-HF 

and PREFECTUS are examining rate-adaptive atrial pacing and cardiac 

resynchronization therapy (CRT), respectively, to assess their impact on diastolic 

and systolic echocardiographic indices and exercise capacity in HFpEF patients. 

Cardiac Contraction Modulation (CCM) 

CCM therapy uses a device like a pacemaker that delivers non-excitatory electrical 

pulses to the right ventricular septum. A 24-week study is currently investigating 

CCM therapy’s effect on QoL (KCCQ score) in patients with HFpEF and an EF 

≥50%. 

Pericardiectomy 

Elevated LV filling pressures in HFpEF may be influenced by pericardial restraint, 

rather than solely by LV diastolic function (Borlaug et al., 2011). Animal models of 

HFpEF have shown that partial or complete pericardiectomy can reduce these 

pressures during volume loading (Borlaug et al., 2017). Borlaug et al. demonstrated 

in a pilot study that surgical pericardiotomy reduced LV filling pressures in humans 

with HFpEF risk factors and no pericardial disease (Borlaug, Schaff, et al., 2018). A 

clinical trial is currently assessing pericardiectomy’s safety and long-term efficacy in 

HFpEF. Further studies are needed to confirm this intervention’s safety and 

sustained benefit. 

 

2. Conclusion 

while various pharmacological and non-pharmacological treatments have been 

investigated for HFpEF, outcomes remain limited and primarily focused on symptom 

management rather than mortality reduction. With the complexity of HFpEF’s 
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pathophysiology involving multiple organ systems and comorbidities, effective 

therapeutic options are challenging to develop. Promising approaches include 

SGLT2 inhibitors, anti-inflammatory, and anti-fibrotic therapies, as well as 

innovative devices like interatrial shunts and LV expanders, which target mechanical 

dysfunction. Lifestyle modifications, particularly exercise and dietary changes, 

demonstrate benefits in exercise tolerance and QoL and should be integral to 

management. Ongoing research into tailored therapies and precision medicine 

approaches may eventually yield treatments that improve long-term clinical 

outcomes in HFpEF. 
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