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Abstract

The majority of older patients who develop heart failure (HF), particularly older women, have a
preserved left ventricular ejection fraction (HFpEF). The prevalence of this syndrome is increasing
and prognosis is not improving in comparision to HF with reduced ejection fraction (HFrEF).
Patients with HFpEF have severe symptoms of effort intolerance, poor quality-of-life, frequent
hospitalizations, and increased mortality. Despite the importance of HFpEF, there are numerous
major gaps in our understanding of its pathophysiology and management. Originally viewed as a
disorder due solely to abnormalities in left ventricular diastolic function, our understanding has
evolved such that HFpEF is now understood as a systemic syndrome, involving multiple organ
systems, likely triggered by inflammation and other as yet unidentified circulating factors, and
with important contributions of aging and multiple-comorbidities, features generally typical of
other geriatric syndromes. Here we present an update on the pathophysiology, diagnosis,
management, and future directions in this important disorder among older persons.
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Introduction

Clinical significance

Heart failure (HF) with preserved ejection fraction (HFpEF) is the most common form of HF
in patients older than 65 years;! among older women, >80% of new cases of HF are
HFpEF.2 Among nonagenarians, nearly all patients with HF have preserved EF.3 In contrast
to HF with reduced ejection fraction (HFrEF), the prevalence of HFpEF is increasing and its
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prognosis is not improving, which may be due to the combination of aging of the population
and increased rates of obesity. The health and economic impact of HFpEF is at least as
great as that of HFrEF.4> The combined mortality and readmission rates 90 day post-
discharge are comparable to HFrEF (35%).6 One-year mortality for HFpEF ranges up to
29%,47 and increases with increased burden of comorbidities.® While cardiovascular (CV)
events are the most common cause of death, non-cardiac causes of death are very common,
and account for a significant proportion of deaths in HFpEF.® Patients with HFpEF have
high rehospitalization rates,.® and the majority of rehospitalizations are for non-cardiac
causes.? In addition, HFpEF patients have poor quality-of-life, similar in severity to patients
with HFrEF.10

Clinical Manifestations of HFpEF

Clinical manifestations of HFpEF are generally similar to those of HFrEF. In the chronic,
stable state, even when relatively euvolemic and well-compensated, HFpEF patients have
severe exercise intolerance, characterized by exertional fatigue and dyspnea which is
associated with poor quality-of-life. However, HFpEF patients also have intermittent acute
exacerbations, with severe dyspnea, volume overload, body edema, and pulmonary edema.
These acute exacerbations are ofte associated with dietary indiscretion, medication non-
compliance, markedly elevated systolic blood pressure (BP), atrial fibrillation (AF),
myocardial ischemia, renal dysfunction, and pulmonary infections, but can also occur in
their absence.!!

Diagnosis of HFpEF

Evaluation of new onset HF in an older patient should include an imaging test, such as an
echocardiogram. Not only will an echocardiogram assess systolic function, but may also
discover unexpected but important diagnoses, such as valvular abnormalities, large
pericardial effusion, hypertrophic obstructive cardiomyopathy, and cardiac amyloidosis.
While echocardiography is an important initial test, HFpEF is not necessarily an
echocardiographic diagnosis; rather the echocardiogram can provide helpful supportive
findings in addition to identifying other causes of HF symptoms. The 2013 American
College of Cardiology / American Heart Association (ACC/AHA) Consensus Guidelines
defined HFpEF largely as a diagnosis of exclusion: typical symptoms and signs of HF,
preserved EF on an imaging study, and no other obvious cause to explain the patient’s
symptoms, such as marked anemia or thyroid dysfunction.12 As suggested in the 2017
ACC/AHA Focused Update on HF, measurement of natriuretic peptide biomarkers [B-type
natriuretic peptide (BNP) or N-terminal pro b-type natriuretic peptide (NT-proBNP)] can be
helpful in the diagnosis of HF.12 However, multiple studies have reported that: natriuretic
peptides are significantly lower in HFpEF patients compared with HFrEF;13 and natriuretic
peptide levels are inversely related to body mass index, highly relevant since obesity is very
common in HFpEF.14 Natriuretic peptide levels are paradoxically inversely related to
treatment benefit, 1> and their change does not correlate well with symptom improvement.16
In addition, BNP levels increase with age in normal populations free of LV dysfunction,’
and female gender is an independent predictor of BNP levels in the older adult population,
even without cardiac dysfunction.18 Thus age and gender can affect BNP and NT-proBNP
levels, further reducing their diagnostic value in older persons.17:18 Therefore, we believe
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that HFpEF remains a clinical diagnosis, and that the ACC/AHA guidelines above are
appropriate for clinical practice.

Our Understanding of the Pathophysiology of HFpEF

The earliest description of HFpEF was by Robert Luchi in the 1982 Journal.1® Dr. Luchi
noted that in his patients aged =75 years admitted with acute congestive HF, nuclear imaging
studies, a relatively new development at the time, frequently showed a relatively normal
LVEF, rather than a severely reduced LVEF, which was universally thought to be a requisite
for HF.19 Although this syndrome was first recognized in 1982, it was not until 2001 when it
was mentioned in the ACC/AHA HF management guidelines, where it was termed “HF due
to diastolic dysfunction”. In the 2005 guidelines, the syndrome was referred to as the more
generic and less pathophysiologically presumptious term “HF with preserved EF”.20 Since
then, HFpEF has become accepted as a true and distinct clinical syndrome.2! Thirty-five
years after its initial description, the fundamental pathophysiological mechanisms of HFpEF
remain incompletely defined.

One of the most commonly cited mechanisms of HFpEF has been LV diastolic dysfunction,
consisting of abnormal LV active relaxation and /or increased LV passive stiffness.22 While
diastolic dysfunction is a pivotal factor in many cases of HFpEF, many patients do not have
echo-Doppler indices of severe diastolic dysfunction, at least at rest, or that differ greatly
from that expected based on age and comorbidities.23:24 However, most HFpEF studies have
only measured diastolic function at rest rather than during exercise where symptoms become
manifest. 25 Significant LV hypertrophy was previously thought to be a uniform
characteristic of HFpEF. However, many HFpEF patients have concentric remodeling
without hypertrophy or even normal LV geometry and mass.2%:27 In addition, a recent trial of
well characterized HFpEF patients showed that only 8% of patients had LV hypertrophy at
baseline, and 50% had significant or severe diastolic dysfunction at rest. In addition, while
cardiac fibrosis is commonly present in HFpEF, the degree appears modest.28

These data have led to reconsideration of the initial hypothesis of HTN-induced LV
hypertrophy, diastolic dysfunction, and cardiac fibrosis as the sole or fundamental
underlying pathophysiological mechanisms of HFpEF. Additonally, this process was driven
by the discovery of several novel contributing factors to HFpEF, including: mild LV systolic
dysfunction;26:29 impaired systolic reserve in both LV and right ventricle (RV);30 impaired
heart rate (HR) recovery and chronotropic incompetence (Cl);31-33 abnormal ventricular
vascular coupling;3* reduced vasodilator reserve;32:33 cardiac aging;3® neuroendocrine
dysfunction;13 left atrial (LA) dysfunction;36:37 impaired resting pulmonary arterial (PA)
and RV function; abnormal PA vasodilatory reserve as well as abnormal RV-PA
coupling;30:38-40 altered pulmonary function and gas exchange including low diffusion
capacity;*! impaired oxygen carrying capacity, peripheral oxygen extraction, and
contributions from skeletal muscle dysfunction, including adipose infiltration, reduced
muscle mass, capillarity, and mitochondrial density (Figure 1).42-4> As a result of this
evolution in our patholophysiological understanding, this disorder underwent a name change
approximately 10 years ago, from the presumptive term ‘Diastolic HF’, to the broader, more
phenomenological term, HFpEF.21
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Role of multimorbidity

Older patients hospitalized with a primary diagnosis of HF often have multiple non cardiac
comorbidities (5.5 on average).48 Those with preserved EFs have more non cardiac
comorbidities (4 on average) than those with reduced EF.47:48 The most important non-
cardiac comorbidities are obesity, HTN, diabetes (DM), chronic obstructive lung disease
(COPD), anemia, chronic kidney disease (CKD), fraility, cognitive dysfunction, dementia,
cerebrovascular disease, peripheral arterial disease, liver disease and rheumatological
disorders.4”

Cardiac comorbidities

Coronary artery disease is present in 25% to 68% of HFpEF patients and is associated
with greater deterioration in LV function and increased mortality, including CV death.49:50
An autopsy study recently showed that epicardial CAD was frequent and extensive in
HFpEF.24* An important observation in this study was decreased coronary microvascular
density present in HFpEF patients. Atrial fibrillation prevalence has been increasing due to
aging of the general population and increased longevity. AF in HFpEF is associated with
impaired LV systolic and diastolic functional reserves, larger LA with poor LA function,
more severe neurohumoral activation, and impaired exercise tolerance.512 Hypertension is
the most prevalent risk factor for HF, and precedes the diagnosis of HF in 75-85% of
persons who develop HF. Along with afterload excess and LV hypertrophy, fibrosis and
increased arterial stiffness, HTN also induces inflammation, oxidative stress and endothelial
dysfunction in HFpEF.53

Non-Cardiac Comorbidities

In the older HFpEF population, non-cardiac comorbidities are very common and are related
to the high rate of non-HF admissions and deaths.4” Metabolic risk factors: HFpEF patients
have a high prevalence of obesity and DM. About 75% of normotensive well controlled DM
patients without CAD show evidence of LV diastolic dysfunction with echocardiographic
tissue Doppler imaging.>* Approximately 85% of older HFpEF patients are overweight or
obese, a rate twice the general population, and the HFpEF epidemic has largely paralleled
the obesity epidemic.5® Excess adipose tissue can produce impairments relevant to HFpEF
by 2 general categories of mechanisms: local/mechanical and systemic/metabolic. Examples
of local/mechanical mechanisms include enhanced pericardial restraint,?8 decreased oxygen
diffusion from capillaries to working skeletal muscle cells,>” accelerated coronary
atherosclerosis associated with epicardial adipose, and accelerated renal dysfunction
associated with perirenal fat. Excess adipose tissue can also produce a plethora of adverse
systemic/metabolic effects, including promoting inflammation, HTN, insulin resistance, and
dyslipidemia and impairing cardiac, arterial, skeletal muscle, and physical function,>8-60 all
of which are common in HFpEF and contribute to its pathophysiology.51

Up to one-third of HFpEF patients may have COPD,47:62 which contributes to increased
symptoms and mortality.147:62 Moreover, HF patients with preserved EF are more likely
than those with reduced EF to receive a COPD diagnosis.®3 In addition, even in the absence
of formal COPD diagnosis, patients with HFpEF have multiple pulmonary abnormalities
that contribute to their worse symptoms and poor outcomes.54 Sleep-disordered breathing,
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pre and post capillary pulmonary HTN and restrictive lung disease are highly prevalent in
patients with obesity and HTN and may contribute to clinical HF and dyspnea.5®
Obstructive sleep apnea is common in patients with HFpEF with a prevalence of 69% to
81%, and is independently associated with a worse prognosis, even when HF therapy is
optimal.®8 In addition, the pulmonary vasculature responds to hypoxia with vasoconstriction
leading to increases in both RV and LV afterload which in the chronic setting can lead to
chronic pulmonary remodeling.” Furthermore, RV dysfunction is common in HFpEF and
predictive of clinical outcome.3? Anemia is more prevalent in HFpEF than in HFrEF
patients and associated with increased risk of HF hospitalization and overall mortality.58
HFpEF and CKD commonly co-exist and have shared pathogenic mechanisms such as
neurohumoral activation, inflammation and oxidative stress.5

Physical frailty and cognitive dysfunction

In older patients hospitalized primarily for HF, many factors outside the heart such as
advanced age, globally reduced organ system reserve capacity, physical frailty, impaired
cognition, and comorbidities (often numerous and severe) strongly influence outcomes.’©
Frailty is associated with worse outcome in older patients with HF. It is a strong independent
predictor of all-cause mortality and associated with 92% increased risk for emergency visits
and 22% increased risk for hospitalization.” Similarly, older patients with incident HF have
significant functional and cognitive impairments.’2 A recent study showed that there is also
a high prevalence of subclinical cerebral infarction among patients with HFpEF, even in the
absence of AF.”3 In addition, the hospital environment—with immobilization, fasting, sleep
deprivation, and disorientation—can dramatically worsen physical frailty with rapid, severe
loss of muscle mass and function.”® Treatment of HFpEF is much more challenging in
patients with cognitive limitations. Thus, when older HF patients are thought to be ready for
discharge, their multiple comorbidities, globally reduced organ reserve, severe physical
deconditioning, and cognitive dysfunction often remain unaddressed.”® The result is the
“post-hospitalization syndrome,” with high rates of rehospitalization, mortality, and nursing
home admission, prolonged physical disability, poor quality-of-life, and high health care
costs.”® These multiple non-cardiac co-morbidities not only contribute to the
pathophysiology of HFpEF, but are strong contributors to exercise intolerance in chronic
HFpEF and to the high rate of clinical events, including hospitalizations and death. Indeed,
in contrast to HFrEF, in HFpEF non-cardiac comorbidities account for the majority of all-
cause hospitalizations and mortality.4”

New Paradigm for the Pathophysiology of HFpEF

The involvement of this broad array of abnormalities in HFpEF, the recognition of the high
frequency, severity, and impact of multiple non-cardiac comorbidities, systemic, multiorgan
involvement, and its nearly exclusive existence in older persons, has led to recognition of
HFpEF as a true geriatric syndrome. It has also led to a new paradigm of HFpEF, whereby
aging along with multiple comorbidities in HFpEF may initiate and/or aggravate chronic
systemic inflammation that may affect myocardial remodeling and dysfunction in HFpEF
through a signaling cascade, which may begin with coronary microvascular endothelial
dysfunction (Figure 2).875 This reduces myocardial nitric oxide (NO) bioavailability and
leads to reduced protein kinase G (PKG) activity in cardiomyocytes, which become stiff and
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hypertrophied.8 These alterations also promote microvascular rarefaction and dysfunction in
cardiac 24 and skeletal muscle.57:7

Management of HFpEF

Because HFpEF is a relatively recently acepted disorder, and because most of the moderate
number of clinical trials to date have generally been neutral on their primary outcomes,
management remains largely empiric. Below we review general approaches, non-
pharmacological interventions, the clinical medication trials reported to date, device
interventions, and published consensus guideline recommendations (See Table 1-Clinical
Synopsis).

General approach

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 of
the following 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. HF patients should have a
scale, weigh regularly, and know what steps to take if weight increases beyond pre-specified
ranges. Diuretic adjustments can be performed as needed by nurses over the telephone, and
in some cases by the patients themselves. There must be easy access to health care providers
so that problems can be addressed early in order to avoid decompensation and
hospitalizations. Examples include : periodic telephone calls, frequent follow-up
appointments, and monitoring programs utilizing telephone and the internet.

Non-pharmacological Approaches

Exercise training—In a single-blind trial evaluating the effects of 16 weeks of endurance
exercise training (ET) in older patients with HFpEF, ET was associated with increased peak
oxygen consumption (VO,), ventilatory anaerobic threshold, 6 minute walk distance, and
improved physical quality-of-life scores with ET.”” These results were confirmed in a
subsequent multicenter, randomized trial of 3 months of combined ET and strength training
in HFpEF patients.”® In a second, separate, randomized, attention-controlled, single-blind
trial of 4 months of upper and lower extremity endurance ET, a significant increase in peak
VO, was demonstrated without alterations in carotid arterial stiffness or brachial artery flow
mediated dilation.”® A subsequent multicenter trial confirmed that ET improves exercise
capacity and symptoms.89 In a recent pilot study, 4 weeks of high-intensity interval training
significantly improved peak VO, and LV diastolic dysfunction in HFpEF patients.8! Further,
a recent meta-analysis demonstrated ET in HFpEF patients was associated with
improvements in cardiorespiratory fitness and quality-of-life without significant changes in
LV systolic or diastolic function, and another study showed that endurance ET increased
peak VO, more in HFpEF than HFrEF.82:83

Since ET is one of the only proven interventions for improving symptoms and quality-of-life
in HFpEF patients, what are the mechanisms for these improvements? ET may improve
exercise capacity either by increasing exercise cardiac output (CO) (via increased HR or
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stroke volume), or by increasing arterio-venous oxygen difference (A-VO, diff) by
improvement in peripheral vascular function leading to increased diffusive oxygen transport
or increased oxygen utilization by the skeletal muscle. Studies to date indicate that an ET-
induced increase in A-VO,diff is the primary contributor to ET related improvement in peak
VO,.84 Indeed, skeletal muscle oxidative metabolism is impaired at baseline in older
patients with HFpEF, but it can be favorably shifted by ET to a more efficient muscle O,
utilization.#2 In addition, there does not appear to be any ET-related beneficial effect on LV
diastolic function in older HFpEF patients, even after 1 year of exercise.8> 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.”8:81

Dietary Modifications—As previosly stated, =80% of older HFpEF patients are
overweight or obese. Because increased body adiposity promotes inflammation and impairs
cardiac, arterial, renal, and skeletal muscle function, weight loss could be beneficial in the
large proportion of patients with the obese HFpEF phenotype. Recently it has been shown
that in older obese patients with clinically stable HFpEF, weight loss via caloric restriction
diet was feasible and appeared safe and significantly improved exercise capacity and quality-
of-life, and the effect was additive to ET (Figure 3, Online supplemetal Table 2).88 Caloric
restriction improved quality-of-life much more than ET. The improvements from caloric
restriction were associated with reduced total body and skeletal muscle adipose and reduced
inflammation. In a recent trial in symptomatic patients with chronic HF (25% of whom had
HFpEF), dietary sodium restriction was associated with increased risk of adverse outcomes,
particularly HF hospitalization.87

Pharmacological Therapies

Online supplemetal Table 1 summarizes the pharmacological therapies tested to date in
HFpEF.

Targeting Renin-Angiotensin-Aldosterone System (RAAS) Signaling

For a variety of reasons, the RAAS was the most obvious target for potential HFpEF
therapies because RAAS antagonists are highly beneficial for HFrEF and HTN. However, of
the 3 large randomized trials of angiotensin-converting enzyme inhibiotrs/angiotensin
receptor blockers (ACEI/ARB) performed to date in HFpEF, only the CHARM-Preserved
study found nominal benefit for candesartan in reducing HF hospitalizations over three years
of follow-up.88-%0 The aldosterone antagonist trials also showed no definite benefit.10:91:92
However, a post-hoc geographical analysis from TOPCAT indicated that the cohort from the
Americas most closely matched characteristics observed in other randomized trials and also
appeared most responsive to spironolactone.93 Despite these mixed results, given the lack of
other alternatives and the relatively low cost and moderate rate of side effects of low dose
spironolactone, some have suggested this agent for the purpose of reducing hospitalizations.
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Targeting beta-Adrenergic Signaling and HR

Slowing the HR should result in an increase in the diastolic filling period in an abnormally
stiff LV, thus potentially allowing greater end diastolic volume and stroke volume. However,
none of the beta blocker trials had positive effects on their primary outcomes in HFpEF
patients (Online supplemetal Table 1 ). The findings from beta blocker trials are consistent
with multiple exercise physiology studies that have shown that HFpEF patients have a high
rate of intrinsic chronotropic incompetence and that this is a significant contributor to their
reduced exercise capacity.31-33:94

Targeting Defective cGMP Signaling

As discussed previously in the pathophysiology sectin, according to the new HFpEF
paradigm, endothelial inflammation results in reduced NO bioavailability and production of
peroxynitrite. This reduces soluble guanylate cyclase (sGC) activity, cGMP content and its
effector kinase PKG activity. Thus, targeting defective cGMP-PKG signaling could
represent a novel therapy for HFpEF treatment. Sildenafil is an inhibitor of
phosphodiesterase-5 that increases cGMP levels, thus augmenting PKG activity in multiple
organs relevant to HF. In the RELAX trial, sildenafil did not improve 6 minute walk distance
or quality-of-life, and was associated with modest worsening of renal function and increases
in neurohormone levels.9> Other pharmacological trials targeting cGMP—PKG signaling are
summarized in Online supplemetal Table 1.

Targeting natriuretic peptide-cGMP signaling

Neprilysin is a zinc-dependent metalloprotease that degrades biologically active natriuretic
peptides and does not affect the biologically inactive NTproBNP.9 LCZ696 is a new
combination drug of the angiotensin Il type-1 receptor blocker valsartan and the neprilysin
inhibitor pro-drug AHU377. It has been shown to improve mortality in HFrEF. In
PARAMOUNT, LCZ696 significantly lowered NT-pro BNP levels and, at 36 weeks,
decreased LA size and showed a trend toward improved functional class.%6 This phase-2
study led to an ongoing large, multi-center trial, PARAGON, in patients with HFpEF with
the primary composite outcome of CV death or first hospitalization for HF
(ClinicalTrials.gov NCT01920711).

Device Therapy

The CARDIOMEMS device is a wireless, implanted PA pressure monitor implanted in the
distal PA during a right heart catheterization procedure. Patients transmit hemodynamic data
daily using a wireless transmitter. The CHAMPION trial showed a significant reduction in
HF hospitalizations.?” Device therapy trials in HFpEF are summarized in Online
supplemetal Table 2.

Prevention of HFpEF

Since most therapies tested to date have been relatively ineffective for established HFpEF,
additional emphasis should be placed on prevention. Many reports suggest that the incidence
of new HFpEF cases can be reduced by the following factors: systolic HTN management,
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regular physical activity, prevention and treatment of obesity, and management of other
aforementioned comorbidities, including DM, CAD and AF.48:82:86:98

Published Guidelines for Treatment of HFpEF

HFpEF as

Given the lack of positive clinical outcome trials, there is little evidence to base strong
guideline recommendations. Therefore, the ACC/AHA consensus guideline
recommendations are relatively sparse regarding management of HFpEF. In patients with
symptomatic HFpEF, diuretics are recommended to relieve symptoms due to volume
overload (Class I with level of evidence B); however, the optimal diuretic dosing regimens
have not been clarified.12 Control of HTN is suggested as an important treatment strategy for
HFpEF (Class | with level of evidence B).12 However, this is empiric and based on data from
studies in non-HF populations. The BP goals in the ACC/AHA HF guideline are similar to
those in the general population, with the exception that the 2017 ACC/AHA HF guideline
update became one of the first in the U.S. to recommend the lower systolic BP target of
130mmHg, based on the potent results of the SPRINT trial.12:9 In SPRINT, both HFpEF
and HFrEF incident cases were significantly reduced, including specifically in patients >75
years old.190 ARBs and aldosterone antagonists receive a relatively weak recommendation
(class Ilb, level of evidence B) as reasonable to consider for decreasing hospitalizations in
HFpEF.

Other ACC/AHA guidelines recommendations include treatment of common comorbidities,
including overt myocardial ischemia, restoration and maintenance of sinus rhythm, control
of HR in patients with permanent AF, treatment of anemia and formal sleep assessment in
HF patients with suspicion of sleep disordered breathing or excessive daytime sleepiness. To
restore sinus rhythm, cardioversion is recommended because catheter ablation of AF has had
limited long-term success in HFpEF.101 If cardioversion is unsuccessful, rate control and
permanent anticoagulation become mandatory.

Although it is proven that exercise is the only strategy (other than potentially diet) known to
improve symptoms and exercise capacity (and probably quality-of-life), the Centers for
Medicare and Medicaid Services (CMS) excluded HFpEF in their 2014 decision to
reimburse for cardiac rehabilitation for HF patients. Unfortunately, it is currently unknown
whether ET that begins outside of a monitored supervised setting is safe for older HFpEF
patients. However, current ACC/AHA guidelines recommend moderate, regular physical
activity for all HF patients, which seems reasonable.

a true geriatric syndrome

Given all the above, it is clear that HFpEF has emerged as a true geriatric syndrome,
fulfilling all the following formal criteria.1%2 1) It is uncommon in younger persons, but
highly prevalent in older adults, particularly women over age 80 years, in whom it comprises
nearly 100% of new HF cases. 2) It is a chronic debilitating condition with multifactorial
pathophysiology. 3) It is very heterogeneous clinically with underlying age-related changes,
frequent multiple chronic co-morbidities and multi-organ involvement that render persons
vulnerable to situational challenges. 4) It shares common risk factors—including older age,
cognitive impairment, functional impairment and impaired mobility. 5) It is strongly
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associated with functional decline and poor clinical outcomes. 6) It is associated with
frequent hospitalizations and high rate of readmissions due to non-cardiac causes. 7)
Diagnostic strategies to identify the underlying causes can sometimes be ineffective,
burdensome and costly. 8) Therapeutic management of the clinical manifestations can be
helpful even in the absence of a firm diagnosis or clarification of the underlying causes.
Thus, due to inherent complexity in caring for older adults with cardiovascular disease, it
will be fruitful for geriatricians and cardiovascular specialists to collaborate and develop a
new model in treating HFpEF patients employing geriatric principles.

Conclusions and Future Directions

HFpEF is currently the most common form of HF, is nearly unique to the older population,
and is a true geriatric sydrome. Non-pharmacological therapies, including disease
management, ET, and caloric restriction weight loss in obese patients, have been shown to
be effective. However, pharmacological trials have generally been neutral on their primary
outcomes, including both clinical endpoints and exercise function. An evolving paradigm
suggests that, like other geriatric syndromes, HFpEF is complex and multi-factorial, likely
systemic, with multi-factorial pathophysiology, underlying age-related changes, frequent
multiple chronic co-morbidities, multi-organ involvement, and clinical heterogeneity. If so,
novel approaches that have systemic effects and influence inflammation and multiple organ
systems may be fruitful.%8 In addition, future studies should account for emerging data
indicating the presence of multiple, potentially distinct HFpEF phenotypes.?8 Continued
progress is imperative, since HFpEF is the most common cardiovascular disorder for which
there are no therapies definitively shown to alter prognosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Relationship of capillary-to-fiber ratio (A) and percentage of type | muscle fibers (B) with

peak O, uptake (VO») in older patients with heart failure with preserved ejection fraction
(M) and age-matched healthy control subjects (A).
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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 B (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. Reproduced from Circulation with permission.

Circulation. 2016;134:73-90.
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Figure 3.

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 exercise
time (min), P values represent effects for AT and CR. AT indicates aerobic exercise training;
and CR, caloric restriction diet.
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Table 1

Clinical Synopsis

HFpEF is currently the most common form of HF, particularly in women, and is nearly unique to the older population
HFpEF meets all the criteria for a true geriatric syndrome.

The pathophysiology of HFpEF is complex and incompletely understood, but is likely multi-factorial, systemic in nature, with
contribution from underlying age-related changes and frequent multiple chronic co-morbidities, and multi-organ involvement,
and significant clinical heterogeneity.

Multiple non-cardiac co-morbidities are strong contributors to exercise intolerance in chronic HFpEF, and to the high rate of
clinical events, including hospitalizations and death.

Other than diuretics to ameliorate volume overload, medication treatments tested to date have been relatively ineffective.
Diuretic adjustments can be performed as needed by nurses over the telephone, and in some cases by patients themselves.

Every HF patient should have a scale, weigh regularly, and know what steps to take if weight increases beyond pre-specified
ranges.

Frequent follow-up appointments and periodic telephone calls can be helpful
Exercise training and dietary weight loss can improve symptoms, exercise capacity, and quality of life in HFpEF

Preventive measures include: Optimal control of systolic HTN, regular moderate physical activity, prevention and treatment of
obesity, and management of comorbidities, including diabetes, atrial fibrillation, lung disease, sleep apnea and anemia.

HFpEF=heart failure with preserved ejection fraction; HF=heart failure; HTN=hypertension
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