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1 Introduction

Heart failure (HF), particularly in the setting of preserved
systalic function, disproportionately afflicts older individu-
as and results in significant morbidity, mortality, and health
care costs. In the United States, among the Medicare popu-
lation (age > 65 years), HF is among the leading cause of
hospital admissions. Optimal care for older adults with HF
requires knowledge of agerelated physiologic changes,
complex multi-organ, multi-dimensional syndromes, inter-
disciplinary teamwork and palliative/end of life care.

2 Epidemiology

There are currently estimated to be 5.7 million adults in
the United States with HF, 92% of which are age 60 years
or older, and more than half aged 80 years or older.! The
elderly population shows a particular propensity for devel-
oping HF with preserved gection fraction (HFPEF). Severa
large epidemiological studies have demonstrated that among
patients with prevalent HF in the community, approximately
50% have a normal gection fraction (EF), and that propor-
tion increases with advancing age. There is dso a femae
preponderance in HFPEF of 67% compared with 42% in
men? This well-known sex dominance of HFPEF in
women has been validated in large, prospective popula
tion-based studies!¥ Thus, the profile of the typical older
person with HF in the general population differs with that of
the stereotypical HF patient. In contrast to younger HF pa
tients, older patients are more likely to be women with co-
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morbid conditions such as hypertension, diabetes mellitus
(DM), obesity and atrid fibrillation, but, less likely to have
coronary heart disease (Table 1).

HF mortdlity increases with age, and is threefold higher
in patients ages 65-74 years compared with those ages
25-54 years!¥ Further, even within the elderly population,
mortality continues to increase strongly with age, and the
5-year mortality rate for elderly patients with HF, regardless
of EF, approaches 50%."° Elderly patients who have been
hospitalized with HF have extraordinary mortality rates,
estimated a 10% at 10 days and 75% at 5 years!® Unlike
HF with reduced gection fraction (HFREF) where evi-
dence-based treatment regimens have helped decrease mortal-
ity and hospitdizations, the percentage HFPEF hospitaiza-
tions have increased over the past 15 years from 38% to 54%,
and mortality ratesremain high.!”

3 Age reated changes in cardiovascular
structure and function predisposesto HF

Older patients are predisposed to the development of HF

Table 1. Differences in heart failure phenotype between
young and older adult subjects.

Older adults Younger subjects
Predominant
heart failure HFPEF HFREF
Gender Frequently female More often mae
Physical Minimally displaced Laterally displaced
findings gpica impulse, 4 maximal impulse, S3
Age related changesin car-
Pethophysiologic di ovqscular §truF:ture and Ischemic heart di wase
; function, oxidative stress,  neurohormonal activation,
Mechanisms

vascular stiffness, skeleta
muscle abnormalities

LV remoldeling/dilation,

Enhance SV, neurohor-
mona blockade, decrease
LV remodeling

BP: blood pressure; HFPEF: heart failure with preserved left ventricular
systalic function; HFREF: HF with reduced gection fraction; LV: left
ventricular; SV: stroke volume.

Potential targets  BP regulation, exercise
of therapy training, periphera targets
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because of age-related physiologic and pathologic changes.
Cardiac aging is characterized by intrinsic changes at the
cellular level (oxidative stressmitochondrial damage), a-
terations in cardiovascular structure and function (ventricu-
lar-vascular tiffness) as well as peripheral abnormalities in
the vasculature and skeletal muscle.

Aging is accompanied by numerous biologic changesin-
cluding, but not limited to, oxidative stress, mitochondrial
damage, beta-adrenoceptor (AR) desensitization and limita-
tions in endothelium-dependent vasodilation.’® Specifically,
oxidative stress to the sarcoplasmic reticulum calcium/ATP
(SERCA) pump has been shown to play arole in prolonged
active diastolic relaxation.” It is important to note that
normal aging is not associated with effects on heart rate,
contractility or cardiac output or gection fraction at rest.
During normal vigorous physical activity in a young adult,
cardiac output is augmented by increases in venous return
with concomitant increased in end diastolic volume, con-
tractility, heart rate and peripheral vasodilation™ In con-
trast, in healthy older persons, systolic and chronotropic
reserve is blunted secondary to decreased beta-adrenergic
signaling, impaired baroreceptor responsiveness, abnormal
autonomic function and altered ventricular vascular cou-
pling including atered diastolic stiffness, al of which sig-
nificantly reduce the cardiovascular response to exercise in
healthy older adults.™"

Ventricular diastolic abnormalities have been the most
emphasized in the pathophysiology of HFPEF. The term
diastolic dysfunction refers to both active and passive re-
laxation of the ventricle. The former manifesting as prolon-
gations in isovolumetric relaxation on echo Doppler and the
time constant of relaxation, known as tau from invasive
pressure analysis. An increased tau changes the pressure-
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volume relationship during early diastole and at fast heart
rates can contribute to impair ventricular filling via a
mechanism of incomplete relaxation.[*>*! Passive relaxation
of the ventricle is characterized by alterations in myocardial
stiffness with resulting changes in ventricular capacitance.
These age-related changes can hinder adequate filling of the
ventricle especially during exertion and higher heart rates.
Increased diastolic stiffness is accompanied by systolic
stiffening manifested by an increase in end systolic das-
tance or chamber contractility (Ees) and is associated with a
limited systolic reserve.

Ejection fraction is mathematically and physiologically
an index of ventricular-vascular coupling that is expressed
as aratio of arterial elastance (Ea) to Ees. While the ratio
of Ea/Ees (and thus EF) is maintained with normal aging,
there is an increase in the Ea with aging that occurs be-
cause of central conduit artery stiffening which is accom-
panied by a concomitant increase in ventricular stiffness,
which is indicative of enhanced chamber tiffness and
contractility (Figure 1). This ‘high gain’ system is charac-
terized by amplified blood pressure changes and blunted
stroke volume augmentation for any ateration in preload
or afterload. Acute afterload elevation in the setting of
ventricular-arterial  stiffening causes greater increase in
blood pressure, which may then feedback to further impair
reaxation.!***™™ The pathophysiology of ventricular-vascular
gtiffness results in the hemodynamic consequences of
HFPEF that cause congestion and acute pulmonary edema,
exercise intolerance, ischemic risk and labile systemic
pressures.t®l

Peripheral mechanisms also contribute significantly to
the syndrome of HFPEF, most specifically exercise intoler-
ance, which can be objectively measured by peak exercise
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Figurel. Increased ventricular and arterial dlastancein the ederly and its effect on blood pressure. (A): Norma adults have arda-

tively low ratio of Eato Ees. Isolated changesin preload EDV with normal elastance values leads to increases in SV and SBP; (B): Individu-
aswith HFPEF have an increased ventricular and arterial eleastance. The sameincreasein EDV produces alarger increase in SBP with out a
proportiona augmentation in SV. This decreased elastance explains why older adults have labile SBPs in response to changes in preload
especialy during exercise. Ea: arteria elastance; EDV: end-diastolic volume; Ees: left ventricular elastance; HFPEF: heart failure with pre-
served left ventricular systolic function; LV: left ventricular; SV: stroke volume; SBP: systolic blood pressure.
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oxygen uptake (pesk VO,). Peak VO, is a product of car-
diac output (oxygen delivery) and arterial-venous oxygen
content difference (A-VO,, oxygen extraction by skeletal
muscles). Peak VO, is 40% lower in HFPEF patients when
compared to age and sex-matched controls. Severe exercise
intolerance is the most common symptom in patients with
chronic HFPEF and their reduced peak VO, is driven pri-
marily by reduced heart rate and impaired O, utilization of
skeletal muscles during pesk exercise. This decline in A-V
O, is secondary to deconditioning, sarcopenia, increased
adipose infiltration into skeletal muscle, impaired oxidative
metabolism and impaired muscle blood flow.[*23

4 Diagnosing HFPEF

The diagnosis of HF is chalenging in older adults, be-
cause older patients often present with symptoms that are
nonspecific and are likely to have other co-morbidities that
mimic symptoms of HF. The most common presentation of
HF includes dyspnea on exertion (Table 2). Older adults
may attribute their dyspnea on exertion to normal aging and
respond to their early symptoms by restricting their physical
activities, thus delaying clinical manifestation and diagnosis.
Potential etiologies for the common symptoms of HF should
be carefully examined with a detailed history and physical.
Furthermore, it should be recognized that, particularly in the
absence of an abnormal condition such as severe decondi-
tioning or severe obesity, normal aging by itself does not
cause exertiond fatigue and dyspnea. These symptoms vir-
tually always denote an underlying pathological process,
even in the most advanced ages.

Atypica manifestations of HF are more common in the
elderly who may present with confusion, weakness, gastro-
intestinal disturbances, failure to thrive or disorientation.
Corroboration with a family member, caregiver, or witness
can be helpful in obtaining a reliably history in those with
cognitive impairment or sensory dysfunction. Older adults

Table 2. Challenges in the clinical history of heart failure in
older adults.

Malaise, confusion, irritability, anorexia, deep dis-
turbance, decreased activity, abdomina complaints
Fluid retention: drug (NSAIDS), venous
insufficiency

Dyspnea: COPD, anemia, pneumonia

Fatigue: anemia, hypothyroidism, obesity,
deconditioning, depression

Atypica symptoms

Alternative explana-
tionsfor symptoms

Minimize symptoms  “I just can't get around, I'm 87"
Fewer exertiona Osteoarthritis, sarcopenia, loss of balance,
symptoms poor vision

COPD: chronic obstructive pulmonary disease; NSAIDS: Non-steroida
anti-inflammatory drugs.

may fail to perceive gradual but progressive declines in ex-
ercise tolerance, and clinicians can often attribute them to
old age, thereby limiting identification of important and
early decrements. Furthermore, the clinicd signs and
symptoms of HFREF and HFPEF are similar. While a di-
lated left ventricular (LV), third heart sound, or signs of
right-sded HF are more frequent in HFREF; a forceful,
minimally displaced apical impulse and a fourth heart sound
suggest HFPEF. The ability to distinguish these two pheno-
types requires further evaluation with diagnostic imaging.

Echocardiography is central to the clinical evaluation of
the patient with HF. It provides an assessment of systolic
function, and may diagnose other causes of HF, such as
aortic stenosis, vavular regurgitation, pericardial disease,
hypertrophic cardiomyopathy, and cardiac amyloidosis.
Diagtalic filling abnormalities are seen with normal aging in
other disease states (e.g., hypertension, diabetes mellitus,
renal insufficiency, obesity), so Doppler abnormalities may
be present without the clinical circumstance of HFPEF.
Combining Doppler mitral valve inflow with tissue Doppler
imaging of the mitral valve annulus is recommended to en-
hance the accurate assessment of diastolic function. A high
ratio of early mitral inflow velocity and early mitra valve
annular tissue Doppler velocity (E/€') has been suggested to
be the best index of elevated LV filling pressure and LV
dtiffnessin HF.224

The American College of Cardiology/American Heart
Association (ACC/AHA) outlined diagnostic criteria for
HFPEF in 2013 and in contrast to the European Society of
Cardiology (ESC) did not include imaging requirements for
diastolic dysfunction, specific structural parameters or
B-type natriuretic peptide (BNP) levels. The diagnosis is
based on a norma LVEF with typica symptoms and signs
of HF and no valvular abnormdlities or other factors to ex-
plain HF symptoms.® Myocardia performance has been
shown to be decreased in HFPEF despite a normal gection
fraction, when using a mid-wall measure of ventricular
function (mid-wall shortening fraction).’® Another measure,
analogous to EF, the myocardial contraction fraction (MCF),
which is the ratio of stroke volume to myocardial volume,
has been studied in the HFPEF population and has both
diagnogtic and prognostic applicability. MCF represents a
volumetric index of myocardia shortening that is highly
correlated with global longitudinal strain.?5

5 Treatment of HFPEF—goals of pharma-
cotherapy

HFPEF and HFREF share smilarities in terms of clinica
presentation, however, important differences exist in patho-
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physiology and response to thergpy. Medications that have
shown be beneficial in HFREF have not produced similar
beneficia effects in the HFPEF population. Empiric targets
of pharmacotherapy in HFPEF include controlling hyper-
tension, reducing LV hypertrophy and fibrosis, preventing
inappropriate tachycardia, and improving LV relaxation for
adequate diastalic filling.

Adequate control of systolic hypertension is an important
strategy for management and prevention of HFPEF in older
persons. Caution is warranted since excessive reduction in
stroke volume and blood pressure could potentially precipi-
tate syncope or a fall in older adults in whom orthostatic
intolerance from ventricular vascular stiffening is more pro-
blematic. Preferred initia therapy for blood pressure (BP)
control in HFPEF includes using a thiazide diuretic with
angiotensin-converting enzyme (ACE) inhibitors or angio-
tensin-receptor blockers (ARBS); beta-adrenergic antago-
nists as second line therapies for BP reduction.

ACE inhibitors and ARBs are routinely used and thought
to be beneficia through interference with neuroendocrine
activation, which is centrd to the HF state, but have not
been shown to decrease mortality in HFPEF.®?! These
agents reduce LV hypertrophy, fibrosis, and improve LV
relaxation and aortic distensibility, significantly improving
functional class, exercise duration, diastolic filling, and LV
mass in several small studies!®** Beta-blockers similarly
reduce blood pressure and promote regression of LV hyper-
trophy. The negative chronotropic properties of beta-block-
ers with the concomitant increase in the diastalic filling pe-
riod are often employed clinically as a justification for their
use. However, concern regarding beta blocker use is raised
because chronotropic incompetence is highly frequent in
older adults with HFPEF and the addition of such agents
could further blunt the heart rate response with exercise,
impair diastolic LV relaxation, and contribute to exertional
intolerance® Aldosterone antagonists were shown in the
TOPCAT trid not to significantly reduce the incidence of
the composite outcome of death from cardiovascular causes,
aborted cardiac arrest, or hospitalization. However, spiro-
nolactone did have a positive effect on HF hospitalizations
which when coupled with significant heterogeneity in this
outcome by region suggests that spironolactone may be of
valuein the management of HFPEF.*!

6 Managing end stage HF

HF is atermina illness in older patients with advanced
symptoms with a one-year mortality rate around 50% (25%-—
50%).1% Device therapies such as biventricular pacemakers,
left ventricular assist devices and implantable cardioverter

defibrillators for advanced HF have not been well studied in
older adults (> 75 years of age) and thus the benefits in this
population are not well defined. Accordingly, the decision
process for these interventions requires a comprehensive
approach directed not only at physiologic benefits and po-
tential clinical risks, but attention to psychosocial and ethi-
cal issues aswell as comorbidities and life expectancy.

The proper management includes discussing end of life
planning and palliative approaches to prevent readmissions
and st redligtic expectations. This includes engaging in
frank discussions with elderly patients afflicted by signifi-
cant comorbidities and addressing the individua’s health
care goals, values, and priorities, including quality versus
quantity of life, preferences regarding sudden cardiac death
versus death from progressive HF or other causes, and
avoidance of invasive procedures, in order to make the best
shared decisions. A full discussion of prognosisincludes not
only the risks of death, but also the potential burdens of
worsening symptoms, limited functional capacity, lost of
independence, reduced socia functioning, decreased quality
of life, and increased caregiver commitment. Particular at-
tention should be paid to evduating frailty in these patients
and addressing advance directives. These discussions should
involve close family members, friends and caregivers when
making clinical assessments as to appoint surrogate decision
makers who best understand the patient’ s wishes.

7 Opportunitiesfor futureresearch and
clinical pearls

Future research opportunities in the area of HFPEF and
HF in the elderly have the potentia to improve our current
outlook on management. By focusing on the multi-factorial
pathophysiology of the aging cardiovascular system and
other organ systems and their contributions to adverse out-
comes in older HF patients, we may shift attention from a
singular focus on cardiac function to include peripheral ab-
normalities such as vascular and skeletal muscle dysfunc-
tion. Recognizing the success achieved in the treatment of
HFREF by addressing neurohormona and renal mecha
nisms, new therapies for HFPEF may be achieved by a
similar shift to include contributing factors outside the heart.

The Dietary Approaches to Stop Hypertension, Salt Re-
stricted Diet (DASH/SRD) features a diet high in fruits,
vegetables, low-fat products, whole grains, poultry, fish and
nuts with a restriction in red meat and sugar containing
foodg/drinks. This diet has been studied in animal models of
HFPEF and shown initial promising success in the hyper-
tensive HFPEF population. The hypothesis for its use is
based upon the “salt-sengitive hypertensive” phenotype of
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this cohort. These individuals have blood pressure changes
that are directly related to sodium intake and have been
linked to oxidative stress and cardiac and vascular remodel-
ing. Studies have shown that HFPEF patients who follow
the DASH/SRD have a significant improvement in blood
pressure, ventricular diastolic function, ventricular-vascular
coupling as well as a reduction of oxidative stress*"
These findings offer a new perspective in treating hyperten-
sive HFPEF patients and further supports investigation in
dietary and lifestyle modifications in clarifying the patho-
physiologic link between hypertension and cardiovascular
damage.

Exercise intolerance is the primary symptom in chronic
HFPEF and a strong determinant of quality of life (QOL).1*”
A patient’s decrement in exercise tolerance is an independ-
ent predictor of survival and thus a key therapeutic target.
As described earlier, this can be objectively measured as
peak VO, defined as a product of cardiac output (oxygen
delivery) and A-VO,. Studies have assessed left ventricular
cardiac function as well as periphera arterial and skeletal
muscle function and their relative contributions to im-
provementsin peak VO, in subjects with HFPEF. One study
showed that exercise training was associated with an in-
crease in three separate measures of exercise capacity (peak
VO,, power output and exercise time).[*"! Exercise training
improves exercise capacity, QOL, NYHA class and reduces
hospitalizations, which is predominately mediated by in-
creases in A-VO, differences.?+#2

The high rate of recurrent HF hospitalizations has beenin
part attributed to the post hospitalization syndrome, in
which perturbations in deep wake cycles, poor oral intake,
exposure to challenging situations and deconditioning in-
duced by bed rest or inactivity can contribute to altered
menta state and decreased physical function which are key
drivers of recurrent admissions soon after discharge!*¥ To
address one key aspect of this process, the REHAB-HF (A
Tria of Rehabilitation Therapy in Older Acute Heart Failure
Patients) is a multicenter, randomized, attention-controlled,
single-blind trial designed to examine the hypothesis that, in
addition to standard care, a novd, tailored, progressive,
multi-domain rehabilitation intervention administered to
older patients with acute decompensated HF with a normal
or reduced EF, beginning early during hospitalization and
continuing for 12 weeks will improve physical function and
key clinical outcomes, including the rate of re-hospitali-
zation.

Health care providers are trained to focus on the diagno-
Sis, treatment and prevention of disease. This “disease cen-
tered model” inadvertently leads to under-treatment, over-
treatment, or mistreatment.*! The concept of goal directed

care focuses on the individual and ability to identify their
preferences and individudized goas. Current hedth care
approaches have led to care that is often fragmented and can
contribute to discrepancies between the outcomes that the
caregivers and patients are interested in achieving and those
that are being addressed by hedlth care providers. For ex-
ample, 20% of patients aged greater than 70 years with HF
are prescribed at least 10 medications. The likelihood of an
adverse event is 10% with the addition of each medication,
which trandates into a 100% chance of adverse drug reac-
tions!* Accordingly, it is critical to evaluate individuals in
light of their preferences and transition to goal-directed care
when the treatment becomes burdensome. The advantages
of this approach include simplifying decison making by
focusing on outcomes that span conditions, articulating
which health states are important to the patient and creates a
common ground for goals of care and desired hedlth states.
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