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ABSTRACT

Heart failure with preserved ejection fraction (HFpEF) remains a diagnostic and treatment challenge with its different
phenotypic presentation despite its growing prevalence with associated increase in morbidity and mortality. Traditional
approaches of heart failure (HF) management based on the neurohormonal hypothesis targeting the renin-angiotensin-
aldosterone (RAAS) inhibition have been highly successful in the treatment of heart failure with reduced ejection fraction
(HFrEF) but failed to produce outcome benefits in HFpEF. Recent experimental data and the robust outcome benefits from
Sodium-Glucose Co-Transporter 2 inhibitor (SGLT2i) trials shed further light into the cellular hypothesis of HF, probably
more so for HFpEF. Contrary to the generalized approach, recent focus of research has shifted to phenotype specific
mechanisms, targeting of which are expected to result in better outcomes in the management of HFpEF. Apart from lifestyle
modification and the currently available limited therapy with SGLT2i, more cellular level interventions and perhaps gene-
specific therapy may hold promise in the future direction of HFpEF treatment.
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INTRODUCTION

Heart failure with preserved ejection fraction (HFpEF)
remains a challenging area given its rise in morbidity
and mortality,"?> heterogeneity in presentation,
incomplete understanding of underlying
pathophysiology, diagnostic dilemmas, and limited
treatment options to improve survival and quality of
life in these patients.> Though the overall incidence of
HF appears to have stabilized, the incidence and
prevalence of HFpEF are rising compared to heart
failure with reduced ejection fraction (HFrEF)!? as the
population ages along with worsening epidemics of
obesity, diabetes, and metabolic syndrome.> As seen
from the GWTG (Get With The Guidelines) registry,
the five-year mortality rate for HFpEF is similar
compared to HFTEF, approaching 75.3%.

HFpEF is generally defined as a clinical syndrome of
either current or prior history of dyspnea, exercise
intolerance, and/or fatigue with preserved left
ventricular ejection fraction (LVEF) >50%, and
evidence of elevated left ventricular (LV) filling
pressures.*® Contrary to prior belief, HFpEF is not
synonymous to diastolic heart failure, and the
echocardiographic findings of diastolic dysfunction are
not sufficient to establish the diagnosis of HFpEF. It is
rather considered a systemic syndrome with different

phenotypic  presentations stemming from varying
pathophysiology.® Over the last several decades, multiple
randomized control trials (RCTs) on HFrEF resulted in
significant reduction in mortality and morbidity.
Unfortunately, there are not many evidence-based effective
therapies available to date to show significant outcome
benefits in patients with HFpEF. Because of frequent
association with other common comorbities, such as
obesity, hypertension, diabetes, coronary artery disease
(CAD), atrial fibrillation (AF), chronic kidney disease
(CKD), sleep apnea, etc., and an incomplete understanding
of underlying pathophysiology, HFpEF presents a
diagnostic dilemma that further complicates trial designs
and treatment advances in this area.

Though HFpEF was initially considered a disease of
diastolic dysfunction due to hypertensive heart disease,
over the last two decades, it has evolved as a multimorbid
disease condition involving obesity, diabetes, metabolic
disorder, CAD, AF, CKD and sleep apnea, etc.'®!! HFpEF
manifests as different phenotypes defined by these multiple
comorbidities which trigger functional and structural
changes that ultimately lead to the syndrome of HFpEF.
However, the underlying cellular and pathophysiological
mechanisms are still unclear.
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Pathophysiology of HFpEF

HFpEF is a complex pathophysiologic process that
involves not only cardiomyocytes but also their
surrounding and peripheral cellular structures!?
Endothelial cell dysfunction (ECD),!3 cardiac
hypertrophy,'* myocardial stiffness,'> and subsequent
myocardial fibrosis!® are instrumental in HFpEF
pathophysiology. Myocardial fibrosis is thought to be
the subsequent common pathway regardless of the
causative factors. Myocardial fibrotic burden is strongly
associated with diastolic dysfunction,'” arrhythmias,'®
mortality, and hospitalization in patients with HFpEF.!°
Frequently associated with HFpEF, hypertension itself
leads to ventricular hypertrophy, myocardial stiffness,
and subsequent cardiac fibrosis.?? Other comorbidities,
such as obesity, metabolic syndrome, chronic
obstructive lung disease (COPD), CKD, and iron
deficiency anemia all are known to trigger systemic
inflammatory responses by activation of interleukin 6
(IL-6), tumor necrosis factor -alpha (TNF-alpha),
pentraxin 3, and solute suppression of tumorigenicity 2
(sST2).21:22 This systemic inflammatory state stimulates
endothelial production of reactive oxygen species
(ROS) resulting in endothelial nitric oxide synthase
(eNOS) uncoupling and decreased production of nitric
oxide (NO), which in turn lowers cyclic guanosine
monophosphate (cGMP) and protein kinase G (PKG).
PKG is known to mediate titin phosphorylation
facilitating early diastolic recoil and late diastolic
distensibility. Abnormalities in the NO-cGMP-PKG
axis cause hypophosphorylation of titin leading to
myocardial stiffness, impaired lusitropy and decreased
diastolic  reserve, ventricular hypertrophy, and
ultimately myocardial fibrosis.?*?* Mitochondrial
abnormalities as well as impairment in oxygen delivery
and utilization also appear to be important
pathophysiological factors associated with decreased
exercise tolerance in HFpEF.?

HFpEF patients are unable to adequately increase
myocardial blood flow?® and have reduced
phosphocreatine: adenosine triphosphate (ATP) ratio?’
during exercise. ATP is essential for the detachment of
myosin head from actin during diastole, and decreased
production of ATP is expected to cause incomplete
diastolic relaxation. Such recurring myocardial injury,
overtime, can lead to myocardial fibrosis and elevated
cardiac filling pressures not only with exercise but also
at rest.>* Over the last several years, multiple studies
have demonstrated the close link between coronary
microvascular dysfunction (CMD) and HFpEF. The
PROMISE-HFpEF (Prevalence and correlates of
coronary microvascular dysfunction in heart failure with
preserved ejection fraction) study has shown that about
75% of patients with HFpEF have CMD along with
systemic ECD and increased natriuretic peptide (NP)
levels.?® In another study by Rush et al., CMD was
present in 81% of hospitalized HFpEF patients without
any significant CAD. HFpEF patients with impaired
coronary flow reserve (CFR) have been shown to have

worse clinical outcomes compared to HFpEF patients with
normal CFR."*> CMD has been shown to cause capillary
rarefaction®® and myocardial fibrosis.’! Subendocardial
ischemia and abnormal lusitropy both appear to be
causally linked and may potentiate CMD in HFpEF.**

In recent years, visceral adiposity, in particular, epicardial
adipose tissue (EAT) has drawn increased attention in the
pathophysiology of HFpEF.’233 EAT has a significant
association with functional and structural abnormality of
the myocardium normally seen in HFpEF, such as
ventricular hypertrophy, diastolic dysfunction, and atrial
enlargement.3*-3¢ Patients with HFpEF who are obese have
worse exercise capacity, elevated biventricular filling
pressures and lower pulmonary vasodilatory reserve
compared with those with nonobese HFpEF and controls.?’
This phenotypic group of HFpEF tends to have more right
ventricular (RV) dysfunction, increased pericardial
restraint and ventricular interaction due to increased
epicardial fat,’”® and elevated C-reactive protein levels,
suggestive of enhanced systemic inflammation in these
patients.®

The infiltrative-lipotoxic hypothesis postulates that EAT
can potentially penetrate underlying myocardium and
cause disruption of underlying myocardial ultrastructure
leading to functional impairment®® and also may secrete
proinflammatory adipokines to the underlying tissue either
directly or via paracrine pathway causing local and
systemic inflammation.***! The pericardial restraint
hypothesis suggests that EAT can exert direct mechanical
restraint when it accumulates within the pericardium,
creating a constrictive pericarditis-type phenomenon.*> In
two studies, EAT was associated with increased cardiac
filling pressures and ventricular interdependence caused by
pericardial restraint#243

Based on clinical and experimental data over the last
decade, Paulus and Zile proposed an inflammatory
hypothesis of HFpEF which consists of the following:
metabolic and hemodynamic load-induced
proinflammatory signaling stimulating migration of
immunocompetent cells into the myocardium, endothelial
expression of adhesion molecules in early stages of
HFpEF, cross-link between components of extracellular
matrix and myocyte titin resulting in abnormal titin
breakdown, and accumulation of degraded proteins in the
myocardium, all promoting myocardial stiffness and
fibrosis that eventually lead to diastolic dysfunction.**

Abnormality in cardiac relaxation and increased chamber
stiffness contribute to elevated LV filling pressures,®*346
and persistent or intermittent LV filling pressures in
HFpEF contribute to chamber remodeling and myocardial
dysfunction. In particular, left atrial (LA) remodeling and
atrial myopathy may lead to AF, indicative of more
advanced HFpEF.** Moreover, persistent elevation in LA
pressure triggers pulmonary hypertension which is seen in
almost 80% of HFpEF patients.>0->2
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Since HFpEF appears to have complex pathogenesis
and different phenotypic presentations, it is better
conceptualized as a converging phenomenon of multiple
mechanisms in different organ systems leading to a
common hemodynamic disorder of elevated LV filling
pressures either at rest or with exercise. The question
remains whether the different phenotypic groups
represent specific disorders or rather different stages of
disease progression of HFpEF >33

Stages in HFpEF

For Dbetter understanding of risk factors and
pathophysiologic progression, a recent JACC (Journal
of American College of Cardiology) scientific statement
by Borlaug et al. compared HFpEF stages to those of
HFrEF.»

In stage A, most traditional risk factors like age,
hypertension, and CAD are similar for both HFpEF and
HFrEF,* but obesity, sedentary life style and metabolic
disorder tend to correlate more to HFpEF than
HFrEF.10-57:58

While stage B in HFrEF is easily defined as
asymptomatic LV systolic dysfunction which triggers
initiation of HF management, stage B in HFpEF is still
ill-defined. The recent consensus definition of stage B
in HFpEF has evolved to include individuals who have
no symptoms but have structural heart disease, such as
myocardial hypertrophy and chamber enlargement, and
elevated filling pressures and abnormal diastolic
function, or elevated NP or cardiac enzyme levels.” It
may be necessary to do exercise tolerance tests in this
stage to determine whether patients are truly
asymptomatic when they are found to have LV
hypertrophy and/or diastolic dysfunction. Even if they
have exercise intolerance, it becomes challenging to
decide whether this is related to cardiac or non-cardiac
reasons. Relying on NP levels is also problematic since
about one-third of symptomatic HFpEF patients will
have low NP levels,’ particularly patients who are
obese, who represent a significant portion of HFpEF.

Stage C in HFpEF is defined as when patients become
symptomatic. However, a significant portion of patients
in this stage remains underdiagnosed (about 35%), with
unexplained dyspnea as seen in the ARIC
(Atherosclerotic Risk in Communities Study) registry.

Stage D patients are overtly symptomatic and have
poorer prognosis. More advanced HF therapy or
palliative care needs to be considered at this stage.

Step by step approach for diagnosis of HFpEF

HFpEF diagnosis requires signs and symptoms of HF
(such as dyspnea, exercise intolerance, and objective
evidence of cardiogenic pulmonary edema or systemic
congestion) along with preserved LVEF of >50%, and
most importantly, elevated LV filling pressures, which
are the hallmarks of this disease entity 786!

In earlier stages of HFpEF, LV filling pressures may be
normal at rest but are markedly elevated during
exercise®63 Elevated LV filling pressures are directly
correlated with increased risk of hospitalization and death
in HFpEF patients.**%° The universal definition of HF falls
short in HFpEF since one-third of patients with HFpEF
will have low NP or N-terminal pro b-type natriuretic
peptide (NT-proBNP) levels as commonly seen in
individuals who are obese (below the threshold typically
used for HF diagnosis) even with elevated LV filling
pressures either with rest or with exercise.®-% Normal NP
levels cannot exclude HFpEF. Moreover, in about one-
third of patients with HFpEF, LV filling pressures could be
normal at rest but rise only with exercise.”? That is why
exercise-induced hemodynamic assessment during right
heart catheterization became the gold standard to establish
or exclude the diagnosis of HFpEF>%%%° Elevated
pulmonary capillary wedge pressure (PCWP) at end of
expiration >15 mmHg at rest or >25 mmHg with exercise®®
establishes the diagnosis of HFpEF. The relative increase
of PCWP to increase in cardiac output >2 mmHg/L/min
with exercise is also indicative of HFpEF.%

Exercise stress echocardiography may be a noninvasive
alternative to invasive hemodynamic exercise testing, but
poor-quality image acquisition during exercise and false
negative results may limit their use, since a number of
patients with HFpEF do not have an increase in E/e’ ratio
or other HFpEF parameters during exercise.”70-72

HFpEF Scoring systems

Given the difficulty and lack of widely available invasive
exercise testing, two well-validated clinical scoring
systems have been developed, the “Heavy, Hypertensive,
Atrial Fibrillation, Pulmonary Hypertension, Elder, and
Filling Pressure” (H:FPEF) and the “Heart Failure
Association Pretest Assessment, Echocardiography and
Natriuretic Peptide, Functional Testing, Final Etiology”
(HFA-PEFF) algorithms to help determine the likelihood
of HFpEF in a patient with dyspnea.t873-76

H>FPEF scoring’® (Figure 1) includes: Heavy with body
mass index (BMI) >30 kg/m2, Hypertension (2 or more
antihypertensive ~ medications),  atrial  fibrillation,
Pulmonary hypertension with estimated pulmonary artery
pressure >35 mmHg by echo, Elder (age > 60 years),
Filling pressures (E/e’ ratio >9 by echo Doppler.”® A score
of >6 is highly diagnostic of HFpEF.
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Figure 1. H,FPEF Score
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BMI = Body Mass Index; PASP = Pulmonary artery systolic pressure. i:

The HFA-PEFF scoring system® includes 4 steps (Figure 2).
Figure 2. HFA-PEFF Score

Echo and Major Criteria (2 Points Minor Criteria (1 Point Score Probability 0
Biomarkers Max per category) Max Per Category) E,
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(M/F) p—  2-4 Intermediate |:1J> 3 8

RWT >0.42 E2

()

Natriuretic NT-proBNP >220 pg/mL  NT-proBNP 125-220 pg/mL .,:::; 2
Peptides (Sinus  BNP >80 pg/mL BNP 35-80 pg/mL g g
Rhythm) =5
Natriuretic NT-proBNP >660 pg/mL NT-proBNP 365-660 pg/mL jo
Peptides (Atrial BNP >240 pg/mL BNP 105-240 pg/mL 3
Fibrillation) %
HFA-PEFF = Heart Failure Association Pre-test assessment, Echocardiography & natriuretic peptide, Functional g

testing, Final etiology; TR = Tricuspid regurgitation; GLS = Global longitudinal strain; LAVI = Left atrial volume index;
LVMI = Left ventricular mass index; RWT = Relative wall thickness; M = Male; F = Female.

Step 1 is the pretest assessment of clinical signs and symptoms of HF, comorbidities, risk factors and standard echo
diagnostic parameters.

Step 2 includes NP levels and comprehensive echo findings as shown in Figure 2.

It is important to note that NP levels are included in HFA-PEFF scoring system and they should be interpreted cautiously
since NP levels are generally lower in HFpEF patients compared with those of HFrEF, particularly in HFpEF patients who
are obese.%%778 The European Society of Cardiology recommended a lower threshold of NP levels (50% lower cutoff values
compared to standard used for diagnosis of HF), though it is still not well validated-”®

Proceeding to step 3, if HFpEF is still uncertain, patients should undergo diastolic stress testing with exercise stress echo, and
if needed, right heart catheterization with exercise hemodynamic assessment for more definitive diagnosis.

Since diastolic exercise stress echo or invasive exercise hemodynamic testing are often not readily available or feasible, if
clinically suspected, it is prudent to initiate currently available guideline-directed medical therapy for HFpEF, such as
diuretic and SGLT?2i therapy and watch for any symptomatic improvement.

Step 4 involves further testing to exclude other cardiac HFpEF mimics, like hypertrophic cardiomyopathy, noncompaction,
infiltrative or restrictive cardiac diseases, valvular abnormality, pericardial diseases, or right heart failure due to non-HFpEF
etiology, which could be a potential cardiac cause for dyspnea or edema.
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Do not miss the diagnosis of HFpEF mimics

It is also important to rule out certain HFpEF mimics for
which there may be disease-specific therapy available
with proven outcome benefits. As proposed in the ACC
Expert Consensus Decision Pathway on the
management of heart failure with preserved ejection
fraction,®® a step-wise approach to the assessment of
dyspnea and/or edema should be followed to rule out
non-cardiac or cardiac mimics of HFpEF. A non-cardiac
mimic is defined when a non-cardiovascular entity
(such as chronic venous insufficiency, kidney failure, or
liver failure) is identified as the primary cause of
congestion. If a primary non-cardiac mimic is not
identified as the cause for congestion in a patient with
preserved EF, then investigations should focus on ruling
out cardiac mimics of HFpEF (such as
infiltrative/restrictive ~ cardiomyopathy, hypertrophic
cardiomyopathy, noncompaction, valvular or pericardial
diseases), since treatment options for these diseases are
completely different, and certain disease-specific
therapy have shown proven benefits for these entities.
When non-cardiac and cardiac mimics of HFpEF are
excluded as potential causes of exertional dyspnea
and/or congestion, HFpEF diagnosis can be established
by exclusion, and treatment strategies should be
implemented. This does not imply that every individual
has to go through extensive testing to rule out unusual
cardiomyopathies. Rather often, history, physical
examination, and echocardiographic findings may be
sufficient to point to a diagnosis or raise suspicion for
other myocardial or pericardial diseases which need
further investigation (such as cardiac magnetic
resonance imaging, invasive hemodynamics, or even
endomyocardial biopsy.*°

The presence of typical comorbidities like obesity,
diabetes, hypertension, metabolic syndrome, AF, CAD,
CKD and older age definitely will increase the pretest
probability of HFpEF in the setting of exertional
dyspnea, cardiogenic pulmonary edema, or systemic
congestion, 8183

Low <1 or high score >6 by either HFpEF algorithms
can be used to exclude or establish the diagnosis of
HFpEF, respectively. Patients with intermediate
probability scores (between 1 to 5 by H.FPEF or 4 to 6
by HFA-PPEF) should undergo further exercise
hemodynamic  study, preferably by invasive
hemodynamic  assessment  during right heart
catheterization, or if not feasible, by non-invasive
exercise stress echo.

Treatment of HFpEF

Given the wide-spectrum of phenotypic presentations of
HFpEF, treatment is focused on three specific goals:

The first goal is to risk-stratify and treat comorbidities
which are commonly associated with HFpEF, such as
hypertension, obesity, diabetes, CAD, AF, CKD, and
obstructive sleep apnea, etc.

The second goal is to improve aerobic capacity and quality
of life by nonpharmacologic means, such as a gradual
exercise program to improve exercise tolerance, diet, and
weight loss. The possibility of using remote monitoring of
pulmonary artery pressure to assess volume status should
be explored. The CHAMPION trial clearly demonstrated
50% reduction in HF hospitalization in HFpEF patients
when pulmonary artery pressures were remotely monitored
by CardioMEMS Sensors.?

The third goal of treatment is to improve symptoms and
survival of HFpEF patients. Over the last several decades,
despite significant success achieved to improve survival
and quality of life in the treatment of HFrEF patients by
multiple RCTs targeting neurohormonal RAAS systems,
until recently, no trials have shown demonstrable benefits
in patients with HFpEF that included beta-blockers,>-8
angiotensin converting enzyme inhibitors (ACEI),%’
nitrates,® ivabradine,® and sildenafil,* etc.

HFpEF and Exercise

Decreased exercise tolerance is the cardinal feature of
HFpEF and is associated with poor quality of life.”'%?
Lower VO2 peak with exercise is observed in HFpEF
patients, and peak cardiac output is 30-40% lower
compared to healthy subjects.?>?3% Current evidence
suggests that chronotropic incompetence could be a major
factor in the reduced cardiac output with subsequent
decrease in VO2 peak response to exercise in HFpEF
patients.”>” Obokata et al.’® demonstrated that a steep
increase in LV filling pressures with exercise as reflected
by sharp increase in PCWP was directly related to the
degree of dyspnea and lower VO, peak in HFpEF patients.

Exercise training has been proven to be effective to
improve quality of life, exercise tolerance, and VO, peak
in patients with HFpEF,*"*° and improvement of VO, peak
could be due to peripheral factors resulting in increased
extraction of O from exercising muscles.

A recent meta-analysis by Dieberg et al.'% reported safety
of supervised exercise training in HFpEF patients. Exercise
training is a proven nonpharmacologic intervention in
HFpEF and should be recommended to all HFpEF patients
unless specific contraindication exists.

Pharmacologic Treatment of HFpEF
Diuretics

Loop diuretics are still the mainstay of treatment for
volume overload in HFpEF patients since elevated LV
filling pressures are a major reason for dyspnea and
congestion, and they should be used with caution to relieve
congestion and improve symptoms.'®! Since SGLT2i have
adjunct diuretic and natriuretic effects, addition of these
drugs are beneficial in mild volume overload situations,
and may help reduce the dose of a loop diuretic needed to
optimize volume status in HFpEF patients.
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Beta-blockers and heart rate (HR) dilemma in HFpEF

It is well known that elevated HR in HFrEF with or
without HF symptoms is associated with worse
outcomes.!?-1% However, the outcome data regarding
elevated HR in HFpEF are inconsistent, as some
showed favorable,'%-197  while others showed
unfavorable results.'%%109

In a limited study, Watcher et al have shown that acute
increases in HR in HFpEF patients by atrial pacing to
120 bpm reduced LV end-diastolic pressure from 17 to
8 mmHg along with drops in end-diastolic, end-systolic,
and stroke volumes.''® Though no acute hemodynamic
data of lowering HR in HFpEF patients are available,
this is expected to prolong diastolic filling and increase
LV filling pressures, which in conjunction with low
HR-induced decrease in cardiac output may be
detrimental to HFpEF patients who may already have
elevated filling pressures. However, pacing-induced
increased HR hemodynamics are not exactly the same
as exercise induced hemodynamics that involve much
more complex physiology, increased adrenergic tone,
changes in contractility-relaxation coupling and skeletal
muscle pumps, and increased venous return, etc. In
contrast to normal subjects, exercise markedly increases
filling pressures,® often with blunted HR response in
HFpEF patients®® suggesting the presence of
chronotropic incompetence in these patients,'”! which
can further worsen with beta-blockers. Chronotropic
incompetence in HFpEF patients is thought to be related
to impaired mitochondrial function resulting in energy
depletion in myocardial cells.!!!

The ELANDD (Effects of Long-term Administration of
Nebivolol on the Clinical symptoms, Exercise Capacity,
and Left Ventricular Function of Patients With Diastolic
Dysfunction)!'> and the CIBIS-ELD (Cardiac
Insufficiency Bisoprolol Study in Elderly)!!® studies
both reported worsening of HFpEF symptoms with
beta-blockers. The RCT J-DHF (Japanese Diastolic
Heart Failure)!'* trial studying carvedilol in patients
with LVEF >50% has been neutral without any
beneficial or adverse effects of HFpEF symptoms.
Trials with ivabradine also did not provide sustained
benefit in HFpEF patients'!'>!'® Recently, a large meta-
analysis of eleven RCTs has shown no outcome benefits
in patients with HFpEF when they are in sinus
rhythm.''””  With current clinical evidence, it is
reasonable to avoid beta-blockers in HFpEF patients,
unless in specific conditions like angina control in
ischemic heart disease, post-MI up to 3 years, or rate
control in AF.!!8

SGLT2i

Recent clinical trials with SGLT2i have shown
significant reduction of cardiovascular (CV) death and
hospitalization in all HF patients irrespective of EF.'"°
Moreover, the EMPEROR-Preserved (Empagliflozin
outcome trial in patients with chronic heart failure with
preserved ejection fraction) and DELIVER

(Dapagliflozin evaluation to improve the lives of patients
with preserved ejection fraction heart failure) trials have
shown 18% and 21% relative risk reduction, respectively,
in HF hospitalization and CV deaths in patients with HF
with EF >40%.!20:121 Dapagliflozin also improved quality
of life and exercise tolerance in patients with HFpEF.'?2 A
meta-analysis of SGLT2i trials also reported sustained
reduction in CV death in patients with HF with medium
range EF and HFpEF.!"” The SOLOIST-WHF (Effect of
Sotagliflozin on Cardiovascular Events in Participants with
Type 2 Diabetes Post Worsening Heart Failure) trial'?* and
the more recently conducted EMPULSE (Empagliflozin in
Patients Hospitalized With Acute Heart Failure Who Have
Been Stabilized) trial'?* both have shown early initiation of
SGLT2i while in-hospital or immediately after discharge
resulted in significant reduction in CV deaths and
hospitalization for HF irrespective of LVEF.'” The
absolute risk reduction in primary outcome in SGLT2i
trials was only 3%, mostly driven by HF hospitalization
and not by CV death.'?*1?! However, SGLT2i medications
are one of the limited therapies available today to treat
HFpEF patients and should be initiated early as possible
even in hospital setting with acute decompensated HF .8

The underlying mechanisms of how SGLT2i benefit
HFpEF are likely multifactorial and complex both at
cardiac and extracardiac cellular levels, further
strengthening the concept of cellular hypothesis of HF.!2¢
SGLT2i have been shown to increase NO bioavailability
and improve ECD.'?"!28 In isolated human and murine
myocardial tissue, SGLT2i were shown to restore impaired
phosphorylation of titin by improving NO-sGC-cGMP-
PKG signaling that resulted in decreased diastolic tension
and myocardial stiffness.!?13! In multiple studies, SGLT2i
were reported to stabilize ionic imbalances,!*?13* improve
metabolism and energetics,'3>13¢ increase autophagic
reflux,'313% reduce oxidative stress,>!4%14! and decrease
inflammation.'*>!43 All of these beneficial effects of
SGLT2i have been shown to not only improve cardiac
remodeling, myocardial stiffness, and diastolic function,
but also reduce renal deterioration. 23144148

Glucagon-Like Peptide-1 (GLP-1) agonists

In HFpEF patients with obesity with BMI >30 kg/m2,
RCTs with GLP-1 agonists semaglutide and tirzepatide
have been shown to reduce body weight, the rate of HF
hospitalization,'#>!>* and improve quality of life,'3%!5! but
not mortality when compared to control group.*!4%150:152
Patients with higher BMI >35 kg/m2 benefitted the
most.’® As evidenced by recent trials, in HFpEF patients
who are obese, a GLP-1 agonist is now recommended in
addition to lifestyle modification for weight loss to
improve quality of life, exercise intolerance, and reduce
HF hospitalization.

Mineralocorticoid Receptor Antagonist (MRA)

Though the TOPCAT (Treatment of Preserved Cardiac
Function Heart Failure with an Aldosterone Antagonist)
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trial'>* with spironolactone did not show a significant
reduction in the primary composite outcome of CV
death, aborted cardiac arrest, or hospitalization for
HF, likely due to large geographical variability in
enrollment of patients, sub-analysis of data from
North American patients clearly demonstrated
significant reduction in the primary composite
endpoint and HF hospitalizations.!> MRAs have
been shown to improve diastolic dysfunction in
patients with HFpEF.!*»15> In the FINEARTS trial
which included patients with HF with mildly reduced
EF and LVEF >50%, finerenone reduced the rate of
HF hospitalization but not mortality.!® From a
pathophysiological point of view, MRAs are
beneficial to HFpEF patients to antagonize the
aldosterone effect on fluid retention and blood
pressure control and are recommended in most
HFpEF patients with careful monitoring of kidney
function and potassium levels.

Angiotensin Receptor-Neprilysin Inhibitors (ARNI)
and Angiotensin Receptor Blockers (ARB)

ARNI was evaluated in the PARAGON-HF
(Prospective Comparison of ARNI With Global
Outcomes in HF With Preserved Ejection Fraction)
trial,’” enrolling patients with LVEF >45%, where
sacubitril/valsartan combination was compared against
valsartan. The primary composite end-point of HF
hospitalizations and CV death tended to be lower in the
ARNI group but did not meet statistical significance (P
= 0.06; HR: 0.87; 95% CI: 0.75-1.01)."7 However,
subgroup analysis of this study revealed that individuals
with borderline low LVEF (45% to 57%) indeed had
statistically significant outcome benefit, and women
benefitted the most compared to men.'>® ARNI could be
beneficial in HFpEF patients with hypertension, but
caution should be applied to those with borderline blood
pressure for potential adverse effects, such as
hypotension. '3’

ARB is not recommended as a monotherapy for HFpEF
patients!>%190 since the CHARM-Preserved trial with
candesartan'® and I-PRESERVE trial with irbesartan'®
did not show outcome benefits in HFpEF patients either
for mortality or HF hospitalization. If ARNI is
contraindicated or not affordable, ARB could be used in
hypertensive HFpEF patients with concomitant diabetes
or CKD.

The PEP-CHF (Perindopril in Elderly People With
Chronic Heart Failure) trial did not show outcome
benefit in patients with HF with LVEF >40%, and
currently, ACEI is not considered as a primary
treatment option for HFpEF.%’

Phenotype specific treatment of HFpEF

Different phenotype-variations of HFpEF complicate
the design of clinical trials, and indiscriminate
enrollment of patients with different phenotypes of

HFpEF will likely diminish the likelihood of successful
results, unless therapeutic interventions are targeted to
specific pathobiological processes related to certain
phenotypes of HFpEF. HFpEF appears to be a systemic
multiorgan syndrome ultimately elevating LV filling
pressures.

Depending on the predominant comorbidities, the
following HFpEF phenotypes have been proposed: HFpEF
with hypertension, HFpEF with diabetes, HFpEF with
obesity, HFpEF with cardiometabolic type, HFpEF with
CAD, HFpEF with CKD, HFpEF with left atrial myopathy
leading to AF, HFpEF with COPD, HFpEF with OSA,
HFpEF with pulmonary hypertension, HFpEF with iron-
deficiency anemia, HFpEF in the elderly, HFpEF with
chronotropic incompetence, HFpEF with genetic subtype
of LV hypercontractilty or hypocontractility despite
preserved EF, and HFpEF with molecular subtype with
plasminogen activator-1 inhibitor. However, there can be
combination of multiple comorbidities in a single patient
with HFpEF.

Few therapeutic considerations depending on the
specific HFpEF phenotypes

HFpEF with hypertension

Left ventricular hypertrophy and myocardial fibrosis
leading to diastolic dysfunction appear to be causally
linked to HFpEF with hypertension. The HYVET
(Hypertension in the Very Elderly Trial) study with a
thiazide-like diuretic indapamide showed a 64% reduction
in HF in elderly patients with hypertension.'®! A large-
scale systematic review and meta-analysis of 123 trials of
antihypertensives regimen also demonstrated a 28%
reduction in HF, suggesting a pathophysiological role of
hypertension in development of HFpEF.!¢? Early initiation
of MRA and/or ARNI should be preferred as first line
antihypertensive therapy in these HFpEF-hypertension
phenotype patients as evidenced by potential benefit seen
in TOPCAT!® and PARAGON-HF!** trials. Caution
should be taken not to lower BP < 120 mmHg in elderly
patients with HFpEF as this was associated with worse
outcomes seen in the OPTIMIZE-HF (Organized Program
to Initiate Lifesaving Treatment in Hospitalized Patients
With Heart Failure) registry,'%> and potassium level should
be closely monitored with initiation of an MRA. SGLT2i
with its mild antihypertensive effect should also be
initiated since it has shown proven benefit in all HFpEF
patients.

HFpEF with diabetes

Recently, prevalence of type 2 diabetes is rising in newly
diagnosed HFpEF patients,'%® and this increases the risk of
mortality and HF hospitalization in these patients
independently of other risk factors.!33157:16%.168 Though it is
not fully understood how diabetes is causally related to
HFpEF, some mechanisms have been proposed.
Hyperglycemia causes increased production of glycated
end-metabolites which have been reported to promote
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interstitial  fibrosis and  stiffness  of  the
myocardium.'®-17° Because of insulin resistance, there is
increased utilization of free fatty acids by the
myocardium, increased O2 consumption, and
production of free radicals. Furthermore, utilization of
free fatty acids results in less production of high energy
phosphates that ultimately affect cardiac relaxation.!”!
Free fatty acid-induced lipotoxicity causes increased
production of inflammatory cytokines, leading to
myocardial fibrosis and apoptosis.!” Inflammation and
oxidative stress induced by hyperglycemia are also
known to cause CMD and ECD.!"

SGLT?2i trials demonstrated a consistent reduction in
HF hospitalization in HFpEF patients regardless of
previous history of HF or presence of CAD,""*!77 in
patients with diabetic nephropathy'¥’ and in patients
with CKD with or without type 2 diabetes.!?>!%* In a
recent meta-analysis of six trials in patients with type 2
diabetes given SGLT2i, there was a 22% reduction in
CV mortality or HF hospitalization. SGLT2i should be a
primary choice in treatment of patient with HFpEF with
type 2 diabetes. SGLT2i and ACEI/ARB are preferred
for HFpEF patients with diabetes and proteinuria.

HFpEF with CKD

In a recent meta-analysis of eight trials (total of 28,961
patients) with HFrEF and HFpEF, RAAS inhibitors
were associated with increased risk of worsening renal
failure.!”® However, the SGLT21i, empagliflozin, showed
a favorable effect on reducing the rate of GFR decline in
the EMPEROR-Preserved trial in patients with HFpEF
and CKD.'?® Sacubitril/valsartan also showed a
reduction in eGFR decline in patients with HFpEF and
CKD patients in PARAGON-HF.!” Recently, the
FINEARTS-HF trial’*¢ (Study to Evaluate The Efficacy
and Safety of Finerenone on Morbidity & Mortality in
Participants With Heart Failure and Left Ventricular
Ejection Fraction Greater or Equal to 40%) with
finerenone showed significant reduction of worsening
HF and CV death when compared with placebo.
Finerenone was associated with slight increased risk of
hyperkalemia and reduced risk of hypokalemia.'®

HFpEF with obesity

Lifestyle intervention with diet and exercise are
recommended for all HFpEF patients. In recent trials
with the GLP-1 agonist semaglutide and the combined
GLP-1/glucose-dependent insulinotropic polypeptide
agonist tirzepatide have shown reductions in HF
hospitalization in addition with weight loss in HFpEF
patients with or without diabetes.”$181 It s
recommended to start these agents in patients with
HFpEF and obesity.

HFpEF with left atrial myopathy leading to AF

Pathophysiological hallmarks of HFpEF are elevated
ventricular pressures with subsequent rise in atrial

pressures that trigger myocardial remodeling and atrial
fibrosis, and that along with inflammatory responses,
ultimately lead to atrial myopathy creating a milieu for AF.
The prevalence of AF in HFpEF is about 50%, and in fact,
many HF hospitalizations of HFpEF patients are due to
rapid AF.!82 Beta-blocker use in this specific subgroup of
HFpEF patients might be beneficial for rate control.
Though early rhythm control either by catheter ablation
(CASTLE-AF trial)!'® or with antiarrhythmic drugs or
ablation (EAST-AFNET 4 trial)'®* has shown outcome
benefits of CV deaths, hospitalization, or worsening HF in
any LVEF group, the data specific to HFpEF are still
lacking. The ongoing German CABA-HFpEF trial is
expected to address the specific question of rhythm control
strategy towards the outcome benefits in HFpEF
patients.'®>

HFpEF with sleep apnea

The SERVE-HF (Treatment of Sleep-Disordered Breathing
with Predominant Central Sleep Apnea by Adaptive Servo
Ventilation in Patients With Heart Failure) trial showed
increases in all-cause and CV death in patients with
HFrEF, but the ADVENT-HF (Effect of Adaptive Servo
Ventilation on Survival and Hospital Admissions in Heart
Failure) trial did not demonstrate differences in all-cause
mortality, but rather improved both central and obstructive
sleep apnea events.'®® In one small trial with 36 patients
with HFpEF, adaptive servo ventilation did improve
diastolic dysfunction evaluated by echo parameters and
reduced CV events in 6 months. No large-scale trial data
are available evaluating the effects of positive pressure
mask therapy in patients with HFpEF and sleep apnea.
However, with conventional experience, patients should
continue CPAP or BiPAP for sleep apnea.

HFpEF with CAD

CAD is a common occurrence in HFpEF patients. In a
study of 376 patients hospitalized for HFpEF who
underwent coronary angiography, 68% of them were found
to have CAD.'®” HFpEF patients with obstructive CAD
have been shown to have reduced coronary perfusion
pressure, more hemodynamic abnormality with exercise,
and elevated troponin levels, and myocardial ischemia is
thought to be a potential contributor to cardiac myocyte
dysfunction and fibrosis.”® The overall prevalence of CMD
is about 71%'"® and 72%'3 respectively, in two separate
studies and also was well documented in the PROMIS-
HFpEF (Prevalence of microvascular dysfunction in
HFpEF) trial, where 75% of patients had coronary flow
reserve <2.5, which was associated with both coronary and
systemic ECD and elevated NT-proBNP levels.”® About
two-thirds of patients with HFpEF have documented CAD
either by angiographic or autopsy studies, which is a
potentially  reversible cause of HFpEF.3118%190
Evaluation for CAD is imperative when angina or
anginal equivalent symptoms are present as well as in
the setting of known CAD with new HFpEF symptoms
even if angina is not present.'’

Volume- 03 Issue-01

Page-8



HFpEF with pulmonary hypertension

Pulmonary hypertension is highly prevalent in HFpEF
patients, from 31% in PARAGON-HF'! trial to 83% in
the Olmstead County study.’! In most cases, patients are
found to have isolated post-capillary pulmonary
hypertension, which does not respond to pulmonary
vasodilators compared to those with pre-capillary
pulmonary hypertension.'”?> However, about 55% of
patients might have both pre- and post-capillary
pulmonary hypertension!®? that should not be missed,
and in a small number of RCT studies,
phosphodiesterase inhibitors-5 have been shown to
improve hemodynamics, RV function, and exercise
capacity in those patients.'*+19

Gender and race disparity

Recent epidemiologic data suggests that HFpEF is more
prevalent in women than in men.'”® There is also
significant racial disparity for first HFpEF
hospitalization event rates, being the highest in Black
women,'”” who are also more likely to be
underdiagnosed given the presence of lower NP levels
in Black individuals compared to other race/ethnic
groups.'”® Women with HFpEF were found to have
relatively higher systolic and diastolic stiffness than
men at any given age'”, greater reduction of LV
longitudinal strain with aging,>® and enhanced cardiac
aging compared to men,?’ along with more impairment
in calcium handling?®! and myocardial substrate
metabolism compared to men.?*? In a study with volume
load with saline in HFpEF patients, the slope of mean
PCWP was steeper in women compared to men
suggesting more impairment of LV diastolic function in
women.?® Hypertension is more common in women in
HFpEF and is associated with increased risk of HF than
in men.2% Women are more prone to have ECD and
CMD,?%  which play an important role in the
development of HFpEF.3! As another frequent comorbid
condition in HFpEF, AF has been shown to increase the
risk HF in women?® along with hospitalization?’
compared to men. Women with diabetes also have
increased risk of HF compared to men (5-fold and 2.4-
fold respectively).2®® Obesity and metabolic syndrome
are relatively more prevalent in women which have
higher association with HFpEF.2%-21 Some unique risk
factors for HFpEF in women are multiparity and
preeclampsia, which are associated with future
predisposition to diastolic dysfunction?!! and increased
risk of HF?12 Analyzing the role of sex in different sub-
phenotypic presentation of HFpEF could help us better
understand the sex-specific mechanisms of HFpEF to
develop specific preventive and treatment options in
these patients.

Conclusions

HFpEF is a complex syndrome pathophysiologically
modulated by multiple comorbidities, and it appears to
have variety of disarray in cellular level functions which
are still poorly understood. Currently, SGLT2i and

diuretics, including MRA, are considered as primary tools
in HFpEF treatment, and efficacy of HFpEF management
will vary depending on the specific therapies that target
different phenotypic mechanisms of HFpEF. Importantly,
patients with unexplained dyspnea should be referred early
to HF centers for prompt diagnosis and initiation of
treatment. Over the last decades, traditional approaches of
HF treatment based on neurohormonal hypothesis targeting
the RAAS inhibition have been highly successful in the
treatment of HFTEF but failed to produce outcome benefits
in HFpEF. Only recently, experimental data and robust
outcome benefits from SGLT?2 trials shed further light into
deeper cellular hypothesis of HF, probably more so for
HFpEF. The cellular hypothesis of HF suggests a
combination of multiple mechanisms at cellular level that
impair  NO-sGC-CGMP-PKG  signaling,  cellular
autophagy, and ionic balance, as well as increase oxidative
stress and inflammation, etc., eventually leading to
myocardial stiffness, fibrosis, remodeling, and diastolic
dysfunction. Future therapies targeting those factors at the
cellular and/or genetic levels might have greater promise in
the treatment of HFpEF. Designing a HFpEF trial is
critical, since indiscriminate enrollment of patients with
different phenotypes may not show clinically significant
outcomes, unless therapeutic interventions are targeted to
specific pathophysiological mechanisms related to certain
phenotypes of HFpEF.
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