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Heart Failure With Preserved Ejection Fraction in Older Adult
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Synopsis
The majority of elderly patients, particularly women, who have heart failure, have a preserved
ejection fraction. Patients with this syndrome have severe symptoms of exercise intolerance,
frequent hospitalizations, and increased mortality. Despite the importance of HFpEF, our
understanding of its pathophysiology is incomplete, and optimal treatment remains largely
undefined. Unlike the management of HFrEF, there is a paucity of large evidence-based trials
demonstrating morbidity and mortality benefit for the treatment of HFpEF. There is an urgent need
to understand HFpEF pathophysiology as well as focus on developing novel therapeutic targets.
We present an update on information regarding pathophysiology, diagnosis, management, and
future directions in this important and growing disorder.
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Introduction

Clinical significance

There has been growing recognition over the past two decades that a substantial proportion
of heart failure (HF) patients, particularly the elderly, have preserved systolic left ventricular
(LV) function. An epidemiologic study from Olmstead County, Minnesota found that the
prevalence of HF with preserved ejection fraction (HFpEF) relative to HF with reduced
ejection fraction (HFrEF) is increasing at a rate of 1 % per year.! Among elderly women
living in the community, HFpEF comprises nearly 90% of incident HF cases.2 The annual
incidence of HF in both men and women doubles with every decade after age 65, and the
prevalence increases from less than 0.5% in the age group of 20-39 years to more than 10%
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in those 80 years and older.3 By 2020, the prevalence of HFpEF is projected to exceed 8 %
of persons older than 65 years of age and because of the current pandemic of obesity, the
prevalence of HFpEF in persons younger than 65 years of age is expected to rise
exponentially.*

The health and economic impact of HFpEF is at least as great as that of HFrEF, with similar
severity of acute hospitalization rates, and substantial mortality.1:> Get With The
Guidelines—HF, a very large, nationwide study of HF hospitalization in the United States
(N>110,000), showed that the proportion of patients hospitalized with HFpEF increased
from 33 % in 2005 to 39 % in 2010.6 Outcomes following hospitalization for
decompensated HFpEF are poor with about 1/3 of patients rehospitalized or dead within 90
days of discharge.” Non-cardiovascular hospital readmissions and mortality are more
frequent in HFpEF than in HFrEF and the number of co-morbidities correlate with increased
all-cause hospitalization and mortality.”

Diagnostic dilemma of HFpEF in older adults

Diagnosing HF in older adults poses specific challenges; false-positive clinical diagnoses are
not uncommon.® The most common symptoms of HFpEF are exertional dyspnea. However,
symptoms of reduced exercise tolerance are common in the elderly and have been shown to
reflect normal physiological changes related to aging or could be related to non-cardiac
etiologies. Furthermore, the diagnosis of HF in the elderly may be difficult due to the
presence of multiple comorbidities, some of which can mimic HF signs and further
confound the diagnosis of HF. In addition, there is no universally agreed upon definition to
define HFpEF. The American College of Cardiology/American Heart Association (ACC/
AHA) consensus states that the diagnosis of HFpEF is based on typical symptoms and signs
of HF in a patient with a normal range LV ejection fraction (EF), and no significant valvular
abnormalities by echocardiography and no other obvious precipitating factors for HF or
other disorders that could account for the heart failure symptoms.8 By contrast, the European
Society of Cardiology (ESC) requires diastolic dysfunction for the diagnosis of HFpEF,
along with symptoms and signs of HF and normal or mildly abnormal LV function.®

Why is HFpEF increasing in prevalence as the population ages?

1. Aging associated with HFpEF epidemic—There are a number of normal age-
related changes in cardiovascular (CV) structure and function that are likely relevant to the
development of HFpEF. These include increased arterial stiffening, increased myocardial
stiffness, decreased diastolic myocardial relaxation, increased LV mass, decreased peak
contractility, reduced myocardial and vascular responsiveness to B-adrenergic stimulation,
decreased coronary flow reserve, and decreased mitochondrial response to increased demand
for adenosine triphosphate (ATP) production.1? As observed by Borlaug et al, LV stiffness
increases with normal aging, despite excellent control of blood pressure (BP) and reductions
in LV mass.1 Although aging may have no effects on resting heart rate (HR), contractility,
or cardiac output (CO) at rest, it blunts the capacity to enhance HR, systolic function, and
CO in response to p-adrenoceptor stimulation and exercise. Aging is also associated with
impaired endothelium-dependent vasodilatation.12:13 These normal age-related changes
result in decreased CV reserve which contributes, along with reduced skeletal muscle mass
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and function, an approximately 1%/year decline in maximal exercise oxygen consumption
(peak VO,).14 In addition, insults from acute myocardial ischemia/infarction, poorly
controlled hypertension, atrial fibrillation (AF), iatrogenic volume overload, and pneumonia
that would be tolerated in younger patients, can cause acute HF in older persons.10

Why is HFPEF so common among elderly women?: Among healthy normal subjects,
older women tend to have higher LVEF, independent of their smaller chamber size,
compared to men.1%:16 |n addition, the LV in female mammals has a distinctly different
response to pressure load, such as is typical of systemic hypertension. In hypertensives in the
Framingham study the predominant pattern of hypertrophic remodeling in women was
concentric whereas in men it was eccentric, and this has been reported also in several other
studies.1” Douglas et al'® showed the female rats developed concentric hypertrophy in
response to increased afterload, and thereby maintained near-normal wall stress, and normal
(or even a trend toward supranormal) contractility. In contrast, the male LV is less able to
tolerate a pressure load, and in the presence of chronic systolic hypertension becomes
dilated with thin walls and a depressed EF. However, the long-term cost of this female
pattern of LV adaptation to a pressure load is impaired LV diastolic function. In addition,
women have also been shown to have different CV physiologic responses to exercise than
men, particularly in HR and stroke volume, independent of age and body size.14:19:20

Aging related body changes/skeletal muscle changes: Aging is associated with a decline
in a variety of neural, hormonal and environmental trophic signals to muscle that can result
in loss of muscle mass and mass-specific strength and 2123 changes in body composition,
including decreases in lean body mass and muscle strength, and increases in adiposity.24 In
addition, aging is associated with a systemic pro-inflammatory state, and associated with
increased levels of cytokines,2%:26 that may lead to a functional decline in multiple organs
even in absence of a specific disease.?’

Haykowsky and colleagues found that percent body fat and percent leg fat were significantly
increased, whereas percent body lean and leg lean mass were significantly reduced, in older
HFpEF patients comparted to healthy controls.28 When peak VO, was indexed to total lean
body mass or leg lean mass, it remained significantly reduced, and there was a downward
shift in the relationship of leg lean mass to peak VO, in HFpEF vs healthy, age-matched
controls (Figure 1).28 These data suggest that poor “quality” of skeletal muscle may
contribute to the reduced peak VO, found in older HFpEF patients.

Haykowsky et al subsequently extended these results by showing that there is abnormal fat
infiltration into the thigh skeletal muscle and this is associated with reduced peak exercise
VO, in HFpEF (Figure 2).29 Kitzman and Haykowsky also showed that compared with
healthy control subjects, older HFpEF patients had a shift in skeletal muscle fiber type
distribution with a reduced percentage of slow twitch type | fibers and reduced type I-to-
type-l1 fiber ratio, as well as reduced capillary-to-fiber ratio.3° Furthermore, both the
capillary-to-fiber ratio and percentage of type | fibers were significant, independent
predictors of peak VO2 (Figure 3).3% A reduction in the percentage of type | fibers could be
associated with reduced oxidative capacity and mitochondrial density and thereby contribute
to the reduced peak VO, in HFpEF. The same investigators subsequently reported that

Heart Fail Clin. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Upadhya and Kitzman

Page 4

skeletal muscle oxidative capacity, mitochondrial content, and mitochondrial fusion are
abnormal in older patients with HFpEF.3! The findings of abnormal mitochondrial function
was also demonstrated by others in an animal model of HFpEF.32 In addition to this, it is
known that aging results in alterations in skeletal muscle, including a reduction in the
relative number of type Il fibers33 and in capillary density,34 and that these are associated
with a decline in physical performance. The loss of skeletal muscle and age-related
alterations in skeletal muscle function are major factors in the age-associated decline in
peakVO, 35-37 These, along with sedentary behavior as HFpEF symptoms worsen, further
exacerbate exercise intolerance.38 Taken together, these findings may help explain why older
HFpEF patients have such severely reduced exercise capacity, and why this has usually not
improve with medications aimed solely at cardiac function in trials.39:40

2. Marked rise in prevalence of cardiac and non-cardiac co morbidities with
aging and HFpEF

Cardiac Comorbidities: Coronary Artery Disease (CAD) and Atrial Fibrillation

(AF): Although several epidemiologic and observational studies have found that CAD is less
common in HFpEF compared to HFrEF,5:41 the pooled data across studies suggests that the
prevalence of CAD in HFpEF is approximately 40-50 %.42 Large retrospective studies
showed CAD is common in patients with HFpEF and is associated with increased risk of CV
death, especially sudden death.#344 An autopsy study recently showed epicardial CAD was
frequent and extensive in HFpEF.® In addition, with increasing life expectancy, decreased
mortality and increased salvage of the myocardium with revascularization in the setting of
acute coronary syndromes, patients with CAD are more likely aged and more likely to have
a preserved EF. Moreover, myocardial ischemia acutely causes both systolic and diastolic
dysfunction and may contribute to abnormal CV reserve with stress.*6 Thus, it is not
surprising that CAD has been associated with increased risk of developing HFpEF.

HFpEF and AF are inextricably linked, both to each other and to adverse CV outcomes.4”:48
AF prevalence has been increasing due to an aging general population and increased
longevity. AF in HFpEF associated with impaired LV systolic, diastolic function and
functional reserve, larger LA with poor LA function, more severe neurohumoral activation,
and impaired exercise tolerance.49°0

Non-Cardiac Comorbidities and the Epidemic of Obesity: Non-cardiac co-morbidities
are highly prevalent in HFpEF and most older HFpEF patients have multiple and often
severe non-cardiac comorbidities.> The most important non-cardiac comorbidities for
HFpEF are obesity, hypertension, diabetes, chronic obstructive disease (COPD), anemia and
chronic kidney disease. Approximately 85% of elderly HFpEF patients are overweight or
obese, and the HFpEF epidemic has largely paralleled the obesity epidemic. 52 Adiposity-
induced inflammation has wide-ranging adverse effects, including endothelial dysfunction,
capillary rarefaction, and mitochondrial dysfunction in both the cardiac and systemic
vascular beds.>3 a recent study demonstrated that body mass index was a key contributor to
symptoms of breathlessness in patients with HFpEF. °* Nearly two-thirds of HFpEF patients
have COPD.>® Moreover, patients with preserved EF do not have the alternative diagnosis of
low EF; they are more likely to receive a COPD diagnosis as an explanation for dyspnea.>®
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In addition, even in the absence of formal COPD diagnosis, patients with HFpEF have
multiple pulmonary abnormalities and may contribute to their poor outcomes.>’

Aging and the aforementioned comorbidities may initiate and/or aggravate chronic systemic
inflammation that may affect myocardial remodeling and dysfunction in HFpEF through a
signaling cascade, which begins with coronary microvascular endothelial dysfunction
(Figure 4).58:59 This reduces myocardial nitric oxide (NO) bioavailability and leads to
reduced protein kinase G (PKG) activity in cardiomyocytes, which become stiff and
hypertrophied.>® This hypothesis is supported by growing evidence, including a recent
report that HFpEF patients have increased levels of tumor necrosis factor-a (TNF-a) and its
type-2 receptor, and the latter was elevated even more than in HFrEF.59 Support for a
systemic trigger for HFpEF came from parabiosis experiments in which hearts of young
animals acquired HFpEF-like features when exposed to blood from old animals and vice
versa.b1

Key Knowledge Gaps

1. What are the mechanisms whereby aging, non-cardiac comorbidities impact
physical function outcomes in HFpEF?

2. How can we develop and test novel exercise and physical function interventions
that directly address the adverse impact of multiple co-morbidities in older
patients with HFpEF?

Pharmacological interventions

Summary of traditional clinical trials—Targeting the renin-angiotensin—-aldosterone
system (RAAS) pathway has long been considered a logical intervention for HFpEF, based
on animal models as well as human hypertensives without HF and its link to LV
hypertrophy, interstitial fibrosis and fluid imbalance.®2-65 Angiotensin 1l promotes LV
hypertrophy and fibrosis, both of which are contributors to HFpEF, as well as
vasoconstriction and vascular remodeling.56 Aldosterone can promote interstitial collagen
deposition and fibrosis, leading to ventricular stiffness and its inhibition might be expected
to reduce the ventricular-vascular stiffening and diastolic dysfunction. Table | summarizes
the important randomized trials. Of the three large randomized trials of angiotensin
converting enzyme inhibitors (ACEI)/angiotensin receptor blockers (ARB) performed to
date in HFpEF, only the CHARM-Preserved study found nominal benefit for reducing HF
hospitalizations over three years of follow-up. However, most importantly, none of the trials
showed benefit for their pre-planned primary endpoints (Figure 5 shows the result of I-
PRESERVE trial).67-69 Similarly Kitzman et al studied a 12-month, randomized controlled
trial of the ACEI enalapril in elderly patients with established HFpEF, and showed no
improvement in exercise capacity or quality of life.3°

Aldosterone antagonists have also been examined in HFpEF. The Aldo-DHF showed
improvement in some measures of diastolic dysfunction, the RAAM-PEF trial showed
reductions in circulating markers of collagen turnover and modest improvements in diastolic
function and the larger TOPCAT trial showed a modest decline in hospitalizations but not
mortality.4%:70:71 However, a post hoc regional analysis of TOPCAT indicated that the cohort
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from the Americas most closely matched characteristics observed in other randomized trials
and also appeared most responsive to spironolactone.”?

Slowing the HR should result in an increase in the diastolic filling period in an abnormally
stiff LV, thus potentially allowing greater filling of LV. As shown in Table 1, beta blockers
data on HFpEF to date have not been promising. 73-7% In the Digitalis Interaction Group,
there were no significant reductions in the amount of hospitalizations or mortality secondary
to HF with digoxin, although trends towards decreased hospitalization and improved
exercise tolerance were noted.”’ Ivabridine, a novel agent for reducing HR, is discussed
below.

Why have clinical pharmacological intervention trials fail to meet their primary
endpoints?—Relative lack of success of prior trials has led to a re-evaluation of
paradigms regarding HFpEF physiology. To date, trials have largely targeted solely targets
previously thought to be specific to and universally present in HFpEF, such as LVH,
diastolic dysfunction, and other features. However more recent data have challenged these
assumptions. For instance, in the recently reported PARAMOUNT trial of well characterized
HFpEF patients, only 8% of patients had LVH at baseline and 50% had significant/severe
diastolic function at rest.”8 With treatment, even though there was a positive signal on BNP,
there was no difference in LV mass. Similarly Maurer and colleagues found no significantly
increased LV mass in older HFpEF patients compared to controls with hypertension but not
HF.79:80 The magnitude of increase in fibrosis in HFpEF patients also appears to be modest
at most.81 This indicates LV hypertrophy may not be unique to, or required for diagnosis of
HFpEF. This might explain the agents that had a proven ability to ameliorate LV
hypertrophy, fibrosis, and other cardiac abnormalities typically found in HFpEF have failed
to produce positive effect.

Studies of patients with all the clinical hallmarks of HF and an EF>50% showed that many
patients appear to have modest diastolic dysfunction under resting conditions.”8:82
Furthermore, similar changes can be seen in elderly patients with hypertensive heart disease
with no clinical HF, and diastolic dysfunction in HFpEF patients may not be greater than
age-matched sedentary controls and has not prevent a successful target for intervention.83-87
Most HFpEF trials measured diastolic or other CV measures at rest and not during exercise.
Importantly, most measures used to assess diastolic function (echocardiographic or
radionuclide techniques or invasive measurements) do not assess the key passive component
of diastole. Furthermore, using direct invasive measurements, Kawaguchi et al show that
during exercise, patients with HFpEF were able to increase preload volume with very little if
any effect on the ventricular end-diastolic pressure-volume relation, despite a substantial
prolongation of time constant of relaxation.88 While other studies have had varying results in
this respect, these data suggest that diastolic function abnormalities may not be the sole
contributor to symptoms in HFpEF.8°

Across reports from a variety of sources, lower HR at peak exercise (chronotopic
incompetence [CI]) has been the most consistently reported cardiac abnormality during
exercise in HFpEF.46:89-91 |n some studies, CI appears to be the primary mechanism
accounting for reduced CO during exercise in HFpEF and the primary or sole cardiac
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contributor to exercise intolerance.92 In addition, there is a high prevalence of Cl in HFpEF,
and limitations in chronotropic reserve might be a key factor to reduce CO and exercise
capacity.#6:93 g-Blockers may result in pharmacologically induced CI and obscure
identification of an underlying intrinsic abnormality in neural balance.%* In addition,
unfavorable effect of beta-blockers on COPD and diabetes could complicate the overall
effect of these drugs in HFpEF patients with such conditions.%2:96

The neutral outcomes were often attributed to patient recruitment with inclusion of many
HFrEF or non-cardiac patients or nonadherence to diagnostic guidelines that might have led
to excessive enrollment of HF patients with eccentric LV remodeling and CAD rather than
concentric remodeling and hypertension.>8 For example, in TOPCAT trial, neutral outcome
in the overall population has been attributed to aberrant patient enrollment in Russia/
Republic of Georgia rather than to inefficacy of spironolactone.”?

Perhaps most importantly, HFpEF is strongly influenced by aging, a progressive process
affecting all organ systems, including the heart and arterial system, those most implicated in
HFpEF. In addition, recent data, discussed above, indicates that HFpEF may be best
understood as a systemic disorder, triggered by one or more circulating factors, involving
virtually all organ systems, in addition to the heart, and also involves important contributions
from peripheral abnormalities of vascular and skeletal muscle function that have not been
addressed in trials to date. Finally, multiple comorbidities, including non-cardiovascular co-
morbidities, may play a much greater role in the development of symptoms and treatment
response than previously recognized. If so, they may not be addressed by agents and
strategies that are primarily targeted at cardiac function. These concepts have led to the
proposal of key phenotypes in HFpEF, with each phenotype having distant
pathophysiological and treatment implications.®” However, past and current HFpEF studies
make no or little effort to enroll specific etiologic/pathophysiological subtypes.

Novel pharmacotherapies in HFpEF—Sildenafil is an inhibitor of Phosphodiesterase 5
that increases cyclic guanosine monophosphate (GMP) levels by blocking catabolism, thus
augmenting PKG activity in multiple organs relevant to HF. Increased availability of cGMP
could provide benefits for both vascular and myocardial remodeling, including attenuating
hypertrophy, fibrosis, and impaired cardiac relaxation.?8 In the RELAX trial, sildenafil did
not improve 6 minute walk distance (MWD) or quality of life.%9 Nitrates: In NEAT-HFpEF
trial, the isosorbide mononitrate, an organic nitrate, did not improve in 6 MWD, quality-of-
life scores, or NT-pro B-type natriuretic peptide (BNP) levels compared to placebo.190
Recently two randomized study showed that intravenous or inhaled sodium nitrite, which
unlike inorganic nitrate is a direct nitric oxide donor, improved CO reserve, LV stroke work
and biventricular filling pressures and pulmonary artery pressures at rest and during exercise
in HFpEF.101:102 These trials led to the launch of 2 clinical trials sponsored by the NHLBI
(NCT02742129 and NCT02713126). A recent study with a relatively small patient sample
showed that one week of daily dosing with beet root juice (supplying 6.1 mmol inorganic
nitrate) significantly improved submaximal aerobic endurance and BP in elderly 20 HFpEF
patients.103 Neprilysin inhibitors: Neprilysin is a zinc-dependent metalloprotease that
degrades biologically active natriuretic peptides and does not affect the biologically inactive
NTproBNP.”8 LCZ696 is a new combination drug of the angiotensin 11 type-1 receptor
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blocker valsartan and the neprilysin inhibitor prodrug AHU377. This dual combination
exerts a powerful vasodilatory and natriuresis effect by blocking angiotensin Il activity on
the one hand, although augmenting plasma levels of natriuretic peptides, such as BNP, on
the other. In the PARAMOUNT study (table 1), the group randomized to receive LCZ696
had significantly lower NT-pro BNP levels and at 36 weeks, decreased LA size and showed
a trend toward improved functional class.’8 This agent also appears to reduce tumor necrosis
factor-a levels, and this finding correlates with improvements in cardiac features of
HFpEF.1%4 The promising findings of this phase-2 study led to an ongoing large, multi-
center trial, PARAGON, which is comparing LCZ696 to valsartan in patients with HFpEF
with the primary composite outcome of CV death or first hospitalization for
HF(ClinicalTrials.gov NCT01920711). Statins: By blocking the activity of several
guanosine triphosphate binding proteins and inhibiting some of the inflammatory processes,
statins can suppress LV hypertrophy and decrease collagen synthesis in experimental
models.105:106 Even though observational data in HFpEF patients suggest a mortality benefit
with use of HMG-Co-A reductase inhibitors, definitive trials have not been performed in
HFpEF patients.107:108 A recent meta-analyses suggested a potential mortality benefit with
statin.109 Likewise, in a recent prospective study of HFpEF patients, statin use was
associated with a higher rate of 1-year survival compared with those who were not
treated.110 Ivabradine is a selective sinus node If sodium channel inhibitor that reduces HR
without affecting contractility or lusiotropy. The role of ivabradine in HFpEF has not been
well established. In a diabetic mouse model of HFpEF, ivabradine reduced aortic stiffness
and fibrosis and improved LV contractility and diastolic function.11 In a seven-day study,
ivabradine increased peak VO, and reduced exercise E/e” ratio in 61 patients with
HFpEF.112 However in contrast, a short term, placebo-controlled, randomized, crossover
study found that 2 weeks of HR reduction with ivabradine in patients with HFpEF almost
uniformly exacerbated already abnormal exercise physiology.113 Riociguat is a soluble
guanylate cyclase stimulator that targets the NO-soluble guanylate cyclase—cyclic GMP
signaling pathway. The DILATE-1 study showed that riociguat did not impact the primary
end-point of peak change in mean pulmonary artery pressure in patients with HFpEF and
pulmonary hypertension.114 Other studies utilizing these agents for other endpoints are
planned or underway. Ranolazine blocks inward sodium current, promotes Ca2* extrusion
through the Na*/Ca?* exchanger and thereby improve diastolic tension and relaxation. The
RALI-DHF study showed improvement in some measures of hemodynamics but no
improvement in relaxation parameters.11%:116 Reduction of filling pressures did occur with
ranolazine but it also appeared to decrease CO.118 Alagebrium (ALT-711): Advanced
glycation end products (AGEs) are formed when glucose interacts nonenzymatically with
proteins. AGEs can cause increased stiffness of the extracellular matrix directly by cross-
linking collagen or elastin and indirectly by stimulating the production of collagen and
depleting NO, thereby increasing oxidative stress.11’ A small open-label study found that
administration of alagebrium chloride, was associated with slightly reduced LV mass and
improved diastolic filling, however, there were no changes in EF, BP, peak VO and aortic
distensibility (the latter 2 were the primary outcomes).118 Sitaxsentan: The effects of
treatment with a selective endothelin type A (ET a) receptor antagonist on characteristics
commonly found in patients with HFpEF such as pulmonary hypertension, diastolic
dysfunction, and LV hypertrophy, suggest the potential for its therapeutic application in
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HFpEF patients. In a moderate-sized trial of HFpEF patients, 6-months treatment with
sitaxsentan, a selective ET a receptor antagonist appeared to provide a modest increase in
treadmill exercise time but did not improve any of secondary endpoints such as LV mass or
diastolic function.119

New drugs in development or testing—Anakinra: IL-1 (alpha) and IL-1 (beta) are
potent proinflammatory cytokines implicated in adverse ventricular—vascular remodeling.120
IL-1 blockade with anakinra for 14 days significantly reduced the systemic inflammatory
response and improved aerobic exercise capacity in patients with HFpEF and elevated
plasma CRP levels.221 The Inhibitors of sodium-glucose cotransporters type 2 (SGLT2)
empagliflozin was shown to reduce HF admissions in patients with type 2 diabetes and high
CV risk, with a consistent benefit in patients with and without baseline HF.122 The ongoing
CANDLE trial in patients with T2DM and chronic HF (Both HFpEF and HFrEF) has the
potential to evaluate the clinical safety and efficacy on HF of another SGLT2 inhibitor
canagliflozin in comparison with glimepiride.123 Nifedipine and Isosorbide Dinitrate/
Hydralazine: Two classic medications, nifedipine and isosorbide dinitrate/hydralazine
(HISDN), are currently being tested for their potential benefit to HFpEF patients
(NCT01157481 and NCT01516346, respectively). Preclinical data showed HISDN
improved diastolic function, exercise capacity and reduced soluble vascular cell adhesion
molecule 1 levels in mice, but there were no reductions in LV hypertrophy, cardiac fibrosis,
or pulmonary congestion.124 Recently, exciting studies have revealed that microRNAs
(miRNA)-34a might have an important role in cardiac aging via effects on apoptosis, DNA
damage, and telomere shortening.12> The strategy of replacement of miRNAs of interest or
of blockade of potentially harmful miRNAs (anti-MIRs) is currently being tested in pre-
clinical studies.1?> Endothelial NO synthase activators were studied in the DAHL salt—
sensitive rat model of HFpEF. Diastolic dysfunction was reduced, as were both cardiac
hypertrophy and fibrosis.126

Device Therapy—The CARDIOMEMS device is a wireless, implanted pulmonary artery
pressure monitor implanted in the distal pulmonary artery during a right heart catheterization
procedure. Patients transmit hemodynamic data daily using a wireless RF transmitter. The
CHAMPION trial, a single-blind clinical trial of the CARDIOMEMSs device in patients with
HF of any etiology showed a significant reduction in HF hospitalizations.12” In HFpEF,
CARDIOMEMS device reduced decompensation leading to hospitalization compared with
standard HF management strategies.128

Given that rises in LA pressure and pulmonary venous congestion are shown to herald HF
decompensation events in patients with HFpEF, creating a controlled left-to-right interatrial
shunt to allow LA decompression could be a rational nonpharmacological strategy for
alleviating symptoms in patients with HFpEF. Hemodynamic modelling based on clinical
measurements suggested that an appropriately sized iatrogenic atrial septal defect could
attenuate exercise-induced increases in LA pressure in patients with HFpEF.129
Subsequently, an open-label study demonstrated reductions in LA pressure during exercise
with improvements in functional capacity and quality of life 6 months after implantation of
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this device.130 A prospective, multicenter, randomized, and single blinded trial is underway
to confirm this finding (NCT02600234).

What treatments have worked so far?

Exercise training—Exercise intolerance is the primary manifestation of chronic HFpEF,
and is a strong determinant of prognosis and of reduced quality of life. Exercise training
(ET) has been shown to improve exercise intolerance in HFrEF. Kitzman and colleagues
performed the first randomized, single-blinded trial comparing the effects of 16 weeks of
endurance ET versus attention control in older patients with HFpEF. They found increased
peak VO, ventilatory anaerobic threshold, 6 MWD, and physical quality-of-life scores with
exercise therapy.131 These results were confirmed in a subsequent multicenter, randomized
trial of 3 months of combined ET and strength training in HFpEF patients.132 In a second,
separate, randomized, attention-controlled, single-blind trial of 4 months upper and lower
extremity endurance ET, Kitzman et al found a significant increase in peak VO, without
altering carotid arterial stiffness or brachial artery flow mediated dilation.133 Edelmann and
colleagues confirmed in a multicenter trial that ET improves exercise capacity and
symptoms.134 Recently, Kitzman et al further extended these results in obese older patients
with HFpEF by revealing combination of diet with endurance ET training was additive and
produced a relatively large increase in peak VO, 135 In a recent pilot study, 4 week of high-
intensity interval training significantly improved peak Vo, and left ventricular diastolic
dysfunction in HFpEF patients.13¢ Taken together, ET is an effective non-pharmacologic
therapy in clinically stable patients with HFpEF to improve exercise tolerance. Despite the
increasing evidence for the benefits of ET in HFpEF and calls for additional exercise-
oriented research, the Center for Medicare Services (CMS) excluded HFpEF patients from
reimbursement for cardiac rehabilitation in their 2014 funding decision.137:138

How does ET improve exercise intolerance in HFpEF patients?—Aerobic ET
may improve exercise capacity either by increasing exercise CO (via increased HR or stroke
volume), or by increasing arterio-venous oxygen difference (A-VO, diff) by improvement in
peripheral vascular function leading to increase diffusive oxygen transport or by increased
oxygen utilization by the skeletal muscle. Haykowsky et al,%2 showed that an ET induced
increase in A-VO, diff was the primary contributor to improved peak VO5.92 Similarly
Hundley et al.139 reported that resting and flow-mediated increases in leg blood flow in
elderly HFpEF patients may not be significantly impaired; thus it is possible that in this
elderly population with HFpEF muscle adaptation play a more important role, compared to
vascular changes. Indeed, Bhella et al,140 showed impaired skeletal muscle oxidative
metabolism in elderly patients with HFpEF at baseline, that can be favorably shifted by ET
to a more efficient muscle O, utilization. In addition, Fujimoto et al found no ET-related
beneficial effect on LV diastolic function in HFpEF elderly patients, even after 1 year of
exercise. 141

Although the above studies support mechanisms for the beneficial effects of ET that are
independent of LV systolic or diastolic function, some studies have attributed ET related
improvements to exercise-induced favorable changes in LV function and CO, atrial reverse
remodeling and improved LV diastolic function,142:132,136
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Key Knowledge Gaps

1. What will be the optimal ET to improve CV and skeletal muscle function,
physical functional performance in elderly HFpEF patients?

2. Can we develop the most cost-effective models of ET for these patients?

3. Can we start ET early, even shortly after a hospitalization for acute
decompensated HF in elderly patients?

Dietary Caloric Restriction

Up to 80% of older patients with HFpEF are overweight or obese, and excess adipose tissue
adversely affects cardiac, arterial, and skeletal muscle function. Recently Kitzman et al
showed among obese older patients with clinically stable HFpEF, caloric restriction
significantly improved exercise capacity and quality of life, and the effect was additive to ET
(Figure 6).135 They demonstrated that caloric restriction was feasible and appeared safe in
older, obese HFpEF patients. Caloric restriction improved quality of life much more than
ET. The improvements from caloric restriction appeared to be mediated by reduced total
body and skeletal muscle adipose and reduced inflammation.

Current guidelines in HFpEF: What is the evidence?—Current guidelines for the
management of HFpEF recommend management of volume status with appropriate diuretic
dosing, control of BP, management of comorbidities, and dietary education.143 The 2013
ACCF/AHA HF guidelines indicate that systolic and diastolic hypertension should be
controlled in accordance with published clinical practice guidelines to prevent morbidity and
diuretics should be used to relieve symptoms due to volume overload (Class | with level of
evidence B).143 ACCF/AHA guidelines support the use of beta-blockers, ACEI, and ARB
for hypertension (lla recommendation, level of evidence C), and recommend ARBs be
considered to decrease hospitalizations (11b recommendation, level of evidence B).143 Beta-
blockers are recommended for HFpEF patients with a history of myocardial infarction,
hypertension, or AF. The ESC guidelines have similar recommendations.14 To avoid the
activation of the RAAS and renal insufficiency or electrolyte disturbances, lowest dose of
diuretics should be utilized to maintain euvolemia. Nonsteroidal anti-inflammatory
medications, frequently used in older patients, can cause relative diuretic resistance and
should be discontinued if possible.

Screening for ischemic heart disease with a noninvasive stress test or coronary angiography
should be considered especially in patients with chest pain and/or ‘flash pulmonary edema’
to exclude severe CAD.14% When found, manifest ischemia should be treated, including
invasively if indicated (Class Ila with level of evidence C). Control of hypertension may be
the single most important treatment strategy for HFpEF (Class 1).146 Recently SPRINT trial
demonstrated that intensive BP reduction reduced the risk of acute decompensated HF.147
The ACCF/AHA guideline recommends management of AF for symptom control for
HFpEF (Class I1a with level of evidence C). Even though ESC guidelines support restoring
sinus rhythm by cardioversion along with anticoagulation, strong evidence is still
deficient.144 The HR control and permanent anticoagulation become mandatory in HFpEF.
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Management goals in elders with HFpEF include relief of symptoms, improvement in
functional capacity and quality of life, prevention of acute exacerbations and related hospital
admissions, and prolongation of survival. A systematic approach should comprise several
elements: diagnosis and staging of disease, search for reversible etiology, judicious use of
medications, patient education, enhancement of self-management skills, coordination of care
across disciplines, and effective follow-up. Elders with HF often have severe deconditioning
and severe exercise intolerance and they should be encouraged to undertake regular
moderate physical activity. It is likely optimal for this to be under medical supervision, at
least initially, but reimbursement barriers can make this a challenge.

Recently, Shah and colleagues proposed a detailed, pheno-type specific roadmap for
treatment of HFpEF patients.%” However, while informative and synthesizing our most
current understanding of HFpEF, this strategy has not been prospectively evaluated.

Conclusions

Multiple lines of evidence suggest that HFpEF may be a systemic disorder with several
phenotypes, influence by aging and affecting all organ systems, including the CV system
principally. Moreover, the overwhelming majority of HFpEF patients have multiple
comorbidities that also drive phenotypic heterogeneity and multifactorial pathophysiology.
Furthermore, non-cardiovascular hospital readmissions and mortality are more frequent in
HFpEF than in HFrEF. So far, only ET and calorie restriction seem to improve exercise
intolerance and quality of life. Given such a multi-factorial, complex milieu, it’s not
surprising that drugs and interventions aimed primarily at a central hemodynamics
repeatedly failed to strongly impact overall outcomes in HFpEF. New drugs that target
underlying inflammation, oxidative stress, and aging-related dysfunction may prove to be
effective for improving outcomes in HFpEF, a rapidly growing disorder among older
persons.
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Key Points

Heart failure with preserved ejection fraction (HFpEF) is a diverse syndrome,
strongly influenced by aging, with likely systemic, multi-factorial etiologies
that affect all organ systems

The overwhelming majority of HFpEF patients have multiple comorbidities
that also drive phenotypic heterogeneity and multifactorial pathophysiology.

So far, only exercise training and weight loss appear to improve exercise
intolerance and quality of life.

New drugs that target underlying inflammation, oxidative stress, and aging-
related dysfunction may prove to be particularly effective for HFpEF.
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Figure 1.
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Relationship between peak VO, (ml/min) and percent leg lean mass in heart failure with
preserved ejection fraction (HFpEF) and healthy controls (HC) HFpEF (filled squares) and

HC (filled circles)
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Skeletal muscle= 81.0 cm? Skeletal muscle = 70.9 cm?

Intermuscular fat= 14.2 cm? Intermuscular fat = 27.6 cm?
Subcutaneous fat= 106.6 cm? Subcutaneous fat= 96.1 cm?
Total thigh area= 207.1 cm? Total thigh area= 200.7 cm?

Figure 2.
Magnetic resonance imaging axial image of the mid-thigh in a patient with heart failure with

preserved ejection fraction (HFpEF) and healthy controls (HC).

Red = Skeletal muscle; green= Intermuscular fat (IMF); b/ue = Subcutaneous fat; purple =
femoral cortex; yellow = femoral medulla. IMF (green) is substantially increased in the
patient with HFpEF compared with the HC despite similar subcutaneous fat.
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Figure 3.

Relationship of capillary-to-fiber ratio (A) and percentage of type | muscle fibers (B) with
peak O, uptake (VOy) in older patients with heart failure with preserved ejection fraction
(M) and age-matched healthy control subjects (A).
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Figure 4.
Systemic and myocardial signaling in HFpEF. Comorbidities induce systemic inflammation,

evident from elevated plasma levels of inflammatory biomarkers such as soluble interleukin
1 receptor-like 1 (IL1RL1), C-reactive protein (CRP), and growth differentiation factor 15
(GDF15). Chronic inflammation affects the lungs, myocardium, skeletal muscle, and
kidneys leading to diverse HFpEF phenotypes with variable involvement of pulmonary
hypertension (PH), myocardial remodeling, deficient skeletal muscle oxygen extraction (AA-
\Vo2) during exercise (Ex), and renal Na+ retention. Myocardial remodeling and dysfunction
begins with coronary endothelial microvascular inflammation manifest from endothelial
expression of adhesion molecules such as vascular cell adhesion molecule (VCAM) and E-
Selectin. Expression of adhesion molecules attracts infiltrating leukocytes secreting
transforming growth factor § (TGF-B), which converts fibroblasts to myofibroblasts with
enhanced interstitial collagen deposition. Endothelial inflammation also results in the
presence of reactive oxygen species (ROS), reduced nitric oxide (NO) bioavailability, and
production of peroxynitrite (ONOO-). This reduces soluble guanylate cyclase (sGC)
activity, cyclic guanosine monophosphate (cGMP) content, and the favorable effects of
protein kinase G (PKG) on cardiomyocyte stiffness and hypertrophy. HFpEF indicates heart
failure with preserved ejection fraction.
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Figure 5.
Kaplan—Meier Curves for the Primary Outcome (I-PRESERVE)

The primary outcome of death from any cause or hospitalization for prespecified
cardiovascular causes (worsening heart failure, myocardial infarction, stroke, atrial or
ventricular arrhythmia, and myocardial infarction or stroke occurring during hospitalization
for any cause) is shown for patients receiving irbesartan and those receiving placebo.

From Massie BM, Carson PE, McMurray JJ, et al. Irbesartan in patients with heart failure
and preserved ejection fraction. N Engl J Med 2008;359(23):2456-67; with permission.
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Figure 6.
Effects of a 20-week caloric restriction diet on exercise capacity and quality of life in

HFpEF. The graph displays percent changes * standard errors at the 20-week follow-up
relative to baseline by randomized group for peak Vo2 (mL-kg—1-min-1, A), and Kansas
City Cardiomyopathy Questionnaire (KCCQ) overall score (Quality of Life Score; B). P
values represent effects for AT and CR. AT indicates aerobic exercise training; and CR,
caloric restriction diet.
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First Author/Trial (Ref.#)

Intervention

HFpEF Patient Type

Primary Endpoint

Trial Result

with NYHA class 11111
symptoms, grade | DD, and

CHARM-Preserved 67 Candesartan 218 ysINYHA class I1-1V HF | CV death or HF Fewer HF admissions
admission

The PEP-CHF 68 Perindopril 270 ys/diagnosis of HF and All-cause mortality and Fewer HF admissions
treated with diuretics and an HF admission
Echo-DD

|1-PRESERVE®® Irbesartan 2 60 ys/hospitalized for HF Death from any cause or Neutral
during the previous 6 months hospitalization for a CV
and have current NYHA class cause
11-1V symptoms

Kitzman et al.3° Enalapril Elderly(70+1 ys), predominant | Peak VO, and 6 MWD Neutral
female (80%) with
compensated HF

TOPCAT0 Spironolactone > 50 ys, Symptomatic HF. CV death or aborted Neutral
Patients had a h/o HF cardiac arrest, HF
hospitalization within previous | hospitalization
12 months and elevated BNP
within 60 days before
randomization

Aldo-DHF40 Spironolactone > 50 ys ambulatory patients/ Peak VO,, change in E/e | Neutral
NYHA class 11111 symptoms, ’
gradel DD and normal or
near-normal BNP levels

RAAM-PEF™! Eplerenone Elderly, symptomatic NYHA 6MWD Neutral
class I1/111, increased BNP
within 60 days

JDHF74 Carvedilol (low-dose) > 20 ys/ambulatory patients Death or HF Neutral
with NYHA class 11-111 hospitalization
symptoms, grade | DD, and
normal or near-normal BNP
levels

ELANDD® Nebivolol > 40 ys/ambulatory patients 6 MWD Neutral
with NYHA class 11111
symptoms, grade | DD, and
normal or near-normal BNP
levels

NEAT-HFPEF triall0 Isosorbide Mononitrate | =50 ys/ambulatory HF Daily activity level, Neutral
patients, prior hospitalization 6MWD
for HF within 12 months or
increased invasively measured
LV filling pressure or elevated
BNP or echo-DD

RELAX?99:100 Sildenafil > 18 ys/elevated BNP or Peak VO, Neutral
elevated invasively measured
LV filling pressure and
reduced exercise capacity

DILATE -1114 Riociguat > 18 ys/stable symptomatic Change in mean PAP Neutral
HF, mean PAP= 25 mm of Hg
and PCWP > 15 mm of Hg

Zile et al1® Sitaxsentan NYHA class II-111 HF, Echo- Change in treadmill Positive
DD exercise time

PARAMOUNT 78 LCZ696(ARNI) 240 ysINYHA class lI-111 HF, | Change in NT-proBNP Positive
NT-pro BNP > 400 pg/nl and
be on a diuretic therapy

Kosmala et alt? Ivabradine 2 50 ys/ambulatory patients Peak VO,, Peak E/e’ Positive
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hospitalization for HF in last
12 months,

First Author/Trial (Ref.#) | Intervention HFpEF Patient Type Primary Endpoint Trial Result
normal or near-normal BNP
levels

Kitzman et al3! Exercise training > 60ys/Ambulatory HF Peak VO, Positive
patients with NYHA class 11—
111 symptoms

Kitzman et al 135 Caloric restriction and > 60ys/ambulatory HF patients | Peak VO, and Quality of | Positive

exercise training with NYHA class 11111 Life

symptoms

CHAMPION?27 CardioMEMs sensor 218ys, NYHA class Il HF, HF hospitalization Positive

HFpEF = heart failure with preserved ejection fraction; CV=cardiovascular; HF=heart failure; DD=diastolic dysfunction; VO2= oxygen
consumption; MWD=minute walk distance; BNP=B-type natriuretic peptide; E= Mitral early diastolic velocity; e’=mitral annular velocity; ARNI =
angiotensin receptor-neprilysin inhibitor; PAP=pulmonary artery pressure; PCWP=pulmonary capillary wedge pressure
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