Heart Failure With Normal
Ejection Fraction: Consideration
of Mechanisms Other Than
Diastolic Dysfunction

Travis Bench, MD, Daniel Burkhoff, MD, PhD, John B. O’Connell, MD,
Maria Rosa Costanzo, MD, William T. Abraham, MD,
Martin St. John Sutton, MD, and Mathew S. Maurer, MD

Corresponding author

Daniel Burkhoff, MD, PhD

Division of Cardiology, Columbia University,

177 Fort Washington Avenue, New York, NY 10032, USA.
E-mail: db59@columbia.edu

Current Heart Failure Reports 2009, 6:57-64
Current Medicine Group LLC ISSN 1546-9530
Copyright © 2009 by Current Medicine Group LLC

More than half of patients with heart failure (HF)
have a normal ejection fraction (EF). These patients
are typically elderly, are predominantly female, and
have a high incidence of multiple comorbid conditions
associated with development of ventricular hyper-
trophy and/or interstitial fibrosis. Thus, the cause
of HF has been attributed to diastolic dysfunction.
However, the same comorbidities may also impact
myocardial systolic, ventricular, vascular, renal, and
extracardiovascular properties in ways that can also
contribute to symptoms of HF by way of mechanisms
not related to diastolic dysfunction. Accordingly,
the descriptive term HF with normal EF has been
suggested as an alternative to the mechanistic term
diastolic HF. In this article, we review the current
understanding of nondiastolic mechanisms that may
contribute to the HF with normal EF syndrome to
highlight potential pathways for research that may
lead to new targets for therapy.

Introduction

The incidence and prevalence of heart failure (HF) continue
to increase and represent a growing public health problem.
Epidemiologic studies have demonstrated that more than
half of patients with HF have a preserved or normal ejec-
tion fraction (EF) [1e,2]. These patients are typically elderly,
are predominantly female, and have a high incidence of
multiple comorbid conditions, including hypertension, dia-

betes, coronary artery disease, obesity, renal dysfunction,
and anemia. These factors are frequently associated with
the development of ventricular hypertrophy and/or intersti-
tial fibrosis. The cause of HF in these patients has generally
been attributed to impaired myocardial relaxation and has
traditionally been described as diastolic HF [3-5]. How-
ever, this designation implies that a single pathophysiologic
pathway explains what has become increasingly recog-
nized as a syndrome comprising a heterogeneous group of
patients. The comorbidities previously mentioned may also
impact myocardial systolic, ventricular, vascular, renal,
and extracardiovascular properties in ways that can also
contribute to symptoms of HF by way of mechanisms not
related to diastolic ventricular properties. Accordingly, the
descriptive term HF with normal EF (HFNEF) has been
suggested as an alternative to the mechanistic term dia-
stolic HF [6,7]. Recognizing the success achieved in the
treatment of systolic HF (SHF) by addressing neurohor-
monal and renal mechanisms, new therapies for HFNEF
may be achieved by a similar shift in attention away from
the heart. It is plausible that addressing nondiastolic
mechanisms of HFNEF may provide further answers and,
more importantly, lead to more therapeutic advances. This
article reviews the current understanding of nondiastolic
mechanisms that may contribute to the HFNEF syndrome
to highlight potential avenues of research that may lead to
new targets for therapy.

Current Paradigms and Clinical Perspective
HFNETF: a distinct clinical syndrome

Although many aspects of the initial clinical presentation
of patients with HFNEF may be similar to those with SHF
[8], it is recognized that these are different populations
in terms of epidemiologic features and echocardiographic
characteristics. For example, among outpatient popula-
tions, both groups exhibit markedly reduced exercise
capacity, neuroendocrine activation, and poor quality of



58 | Nonpharmacologic Therapy: Surgery, Ventricular Assist Devices, Biventricular Pacing, and Exercise

life. However, it was shown in the ADHERE database
[1e] that among 52,187 patients admitted to the hospital
for acute decompensated HF, those with a normal EF (n
= 26,322) were more likely to be older (73.9 = 13.2 years
vs 69.8 = 14.4 years; P < 0.0001), female (62% vs 40%;
P < 0.0001), and were less likely to have coronary artery
disease (50% vs 59%; P < 0.0001) or a previous myocar-
dial infarction (24% vs 36%; P < 0.0001). The normal
EF group was more likely to have comorbid conditions,
most notably hypertension (77% vs 69%; P < 0.0001) and
diabetes (45% vs 40%; P < 0.0001) [1e]. The ADHERE
registry [1e] (consistent with results of prior studies) also
revealed a lower overall mortality in HFNEF patients
compared with SHF patients (2.8% vs 3.9%; odds ratio
[OR], 0.86; P = 0.005), whereas symptom burden, dura-
tion of intensive care unit stay, overall length of hospital
stay, and long-term mortality were similar between the
two groups. Additionally, although similar data in a sepa-
rate cohort of patients admitted for exacerbation of HF
revealed lower longer-term mortality in HFNEF compared
with SHF patients (29% vs 32% at 1 year and 65% vs
68% at 5 years; unadjusted hazard ratio [HR], 0.96; 95%
CI, 0.93-1.00), secular trends revealed little improvement
in clinical outcome compared with those seen in patients
with SHF [9e]. Collectively, these studies highlight the
changing epidemiology of HF occurring with increasing
age of the population and the inadequacy of current ther-
apeutic options for HFNEF. Thus, although this clinical
syndrome is recognized as an increasingly common prob-
lem, recent therapeutic advances made in the treatment of
SHF have not translated into improved overall morbidity
or improved survival for those found to have a normal EF.
Furthermore, until recently, this subgroup of patients had
been excluded from nearly all large clinical trials of HF.

Limited pathophysiologic understanding

One factor contributing to the lack of progress in improving
outcomes is the limited understanding of the pathophysiol-
ogy of HFNEF. Initial mechanistic studies concentrated
on the role of ischemia and hypertrophy in decreasing left
ventricular (LV) compliance and elevating LV end-diastolic
pressure, which suggested a prominent role for abnormal
calcium handling [10]. Subsequently, focus on other myo-
cardial mechanisms predominated, including investigations
into cardiomyocyte abnormalities (ie, calcium homeostasis,
cytoskeletal components, and cellular energetics) and the
role of the extracellular matrix [11].

Led by these early basic studies, much attention has
been placed on studying features of the end-diastolic
pressure-volume relationship (EDPVR), which provides a
direct measure of ventricular compliance and capacitance.
Although several well-studied cohorts have delineated the
existence of abnormalities in the EDPVR [4,12], other
studies have not confirmed these findings for all patient
subgroups [13,14e].

In the clinical arena, recent efforts have focused on
Doppler echocardiographic techniques, which provide a

noninvasive method of characterizing certain aspects of
the dynamics of ventricular relaxation to aid in identifying
patients with HFNEF and for suggesting mechanisms of
disease. Studies of this type have promulgated the view that
because these patients have clinical evidence of HF without
measurable systolic dysfunction but do have measurable
abnormalities of relaxation, the etiologic problem must
be diastolic in nature. Indeed, newer criteria have been
proposed for defining HFNEF, which are heavily reliant
upon abnormalities in the patterns of blood flow and tis-
sue velocities measured by Doppler echocardiography [15].
However, such abnormalities measured during diastole are
not well linked to the underlying pathophysiologic pro-
cesses [16] and are not specific to individuals with HFNEF;
they are frequently found in patients with SHF and patients
without HF. Despite increasing reliance on these measures,
several investigators have argued that demonstration of
echocardiographic Doppler evidence of diastolic dysfunc-
tion should not be required to diagnose HFNEF [16,17].

In contrast to the standard dichotomized view of HF
in which the cause is a predominant abnormality of either
systolic or diastolic function, some have suggested that
the phenotypic expression of HF occurs on a continuum,
with underlying myocardial dysfunction present in the
early stages of the syndrome when diastolic abnormalities
predominate [18,19]. Supporting data come from several
studies showing that impaired regional systolic veloci-
ties—as assessed by tissue Doppler study of myocardial
velocities and depressed systolic mitral annular ampli-
tudes—are apparent in patients with HFNEF compared
with normal controls [20]. Notably, these changes are not
as pronounced as those seen in patients with a reduced
EF. It is proposed that these initial abnormalities are
compensated for by ventricular hypertrophy and neuro-
hormonal activation, creating a hypercontractile LV state
with abnormal relaxation, which causes resistance to LV
filling. Over time, these initial compensatory reactions
progress, resulting in a phenotype characteristic of SHF.
Accordingly, in this paradigm, initial preservation of left
ventricular ejection fraction (LVEF) reflects compensa-
tion on a hemodynamic level for underlying myocardial
dysfunction. This concept is supported by the results of
at least one animal study in which HFNEF was induced
by small amounts of myocardial infarction [21]. Com-
pensatory neurohormonal activation and ventricular
hypertrophy are proposed to lead to maladaptive remod-
eling, and early changes in LV compliance are followed
by late hemodynamic pump failure, resulting in classic
SHF [19]. However, data on the progression of HFNEF
to overt SHF are lacking and have been shown to occur
rarely over the course of time subject to investigation [22].
Thus, many abnormalities can be identified in myocar-
dial and ventricular properties of patients with HFNEF,
and, despite several proposed theories of disease, there
is no clear, widely accepted, unifying theory explaining
the pathophysiology of HFNEF in all patients presenting
with this syndrome.
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Available Clinical Data on Therapeutics
Successes achieved in therapeutics for SHF have not trans-
lated into improved outcomes for those with HFNEF. To
date, only a few studies have been published in which
HFNEF patients have been included, and these primar-
ily have employed the standard therapies shown to be
beneficial for patients with SHF, including B-blockers,
angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers, diuretics, vasodilators, digoxin, and
aldosterone antagonists.

Investigators in the SENIORS study looked at the
effect of nebivolol on mortality and hospitalization in
elderly patients with HF [23]. More than 2000 patients
(35% of the study cohort who had EF > 35%) with a
history of HF were randomly assigned to nebivolol or
placebo. The primary outcome (all-cause mortality or
cardiovascular hospital admission) occurred in 31% of
those on nebivolol compared with 35% on placebo (HR,
0.86; 95% CI, 0.74-0.99; P = 0.039). Interestingly, this
effect was shown to be independent of EF.

The PEP-CHF Investigators sought to determine the
effect of the angiotensin-converting enzyme inhibitor
perindopril on all-cause mortality and HF-related hos-
pitalization in elderly patients with diastolic dysfunction
[24]. Although underpowered, reductions in the pri-
mary outcome (HR, 0.692; 95% CI, 0.474-1.010; P =
0.055) and hospitalization for HF (HR, 0.628; 95% CI,
0.408-0.966; P = 0.033) were observed in those assigned
to perindopril. The CHARM-Preserved trial [25] looked
at patients with chronic HF (CHF) and a preserved LVEF
to study the effects of angiotensin receptor blockade (can-
desartan) on cardiovascular death or hospital admission
for CHF. The results suggest that although cardiovascular
death did not differ between the two groups, candesartan
had a moderate impact compared with placebo (230 vs
279; P = 0.017) in preventing admissions for CHF among
patients who had HF and LVEF of more than 40%. Of
note, a recently completed small clinical trial of 150
patients with HFNEF (LVEF > 45%) randomly assigned
to diuretics alone, diuretics plus irbesartan, or diuretics
plus ramipril failed to demonstrate any additional benefit
of angiotensin-converting enzyme/angiotensin receptor
blocker when added to diuretics in terms of quality of life,
recurrent hospitalizations, or ventricular structure [26].

The Digitalis Investigation Group evaluated the effects
of digoxin on all-cause mortality and HF hospitalization
in patients with HF regardless of EF. Those with LVEF
of more than 45% (n = 988) were enrolled in an ancil-
lary study conducted parallel to the main trial. During
follow-up, digoxin had no effect on all-cause mortal-
ity or cardiovascular hospitalization (HR, 0.82; 95%
CI, 0.63-1.07; P = 0.136). Although the use of digoxin
was associated with a trend toward a reduction in HF-
related hospitalizations (HR, 0.79; 95% CI, 0.59-1.04;
P = 0.094), there was a trend toward an increase in hos-
pitalizations for unstable angina (HR, 1.37; 95% CI,
0.99-1.91; P = 0.061). It was concluded that digoxin had

no effect on cardiovascular mortality or cardiovascular
hospitalizations in ambulatory patients with CHF (mild
to moderate) and an LVEF of more than 45% [27].

Ongoing studies include the TOPCAT trial [28], which
is evaluating the aldosterone antagonist spironolactone in
4500 adults with HF and LVEF > 45%, and the I-PRE-
SERVE trial [29], which is evaluating the benefits of the
angiotensin receptor blocker irbesartan in reducing mor-
tality and cardiovascular hospitalization. These trials will
test whether segregation of patients with HF based on EF
(at least in terms of treatment) is warranted. Standard HF
therapeutics have not yet demonstrated dramatic benefits
for the population with HFNEF, suggesting that alterna-
tive targets for treatment need to be identified. In addition,
information obtained from these studies and others shows
that although it is clear that patient comorbid conditions
need to be aggressively treated [30¢], it needs to be clarified
whether such treatment improves symptoms or outcomes
related to HF. Importantly, it is recognized that many
patients with HFNEF do not die directly from HF but from
other cardiovascular and noncardiovascular causes.

Nondiastolic Mechanisms

Controversy exists regarding the mechanisms of disease,
and it has been suggested that diastolic dysfunction is not
the underlying cause in all patients with HFNEF. It has
also been suggested that (in contrast to SHF, in which
a common underlying pathophysiology applies to most
patients) HFNEF may result from different underlying
pathophysiologic mechanisms [31]. Therefore, it is per-
tinent to review factors other than diastolic dysfunction
that may contribute to the development of an HF state in
the setting of normal LV pump function. In particular,
the important clinical findings that need to be explained
in this patient population include high resting pulmonary
capillary pressures, effort intolerance, and a propensity
for development of pulmonary edema.

Volume overload
HF with either reduced or normal EF is a sodium-sensi-
tive condition in which expansion of both intravascular
(eg, plasma volume) and extravascular fluid volume is a
hallmark. It is well documented that patients with HFNEF
are more likely to have multiple comorbidities that may
contribute to volume overload, including renovascular
disease, obesity, sleep apnea, and anemia. Specific insights
into the role of volume overload have been obtained
through animal models of HFNEF [32], particularly those
that employ the Dahl salt-sensitive rat, which develop
severe hypertension and HF with a normal or preserved
EF. In this model, the development of HF is accompanied
not by an upward shifted EDPVR but by a worsening of
renal function and evidence of volume expansion.

Several lines of evidence point to a chronic volume-
loaded state in HFNEF patients. We originally identified
that in a group of HFNEF patients with long-standing
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hypertension, heart size was mildly increased compared
with normal subjects without HF [13,14¢,33]. This con-
trasted with the subgroup of HFNEF patients who had
idiopathic hypertrophic cardiomyopathies or infiltrative
myocardial diseases and in whom heart size was smaller
than normal. In this same study [13] it was shown that
plasma volumes of hypertensive HFNEF patients were
increased by an average of 16% compared with normal
controls despite daily diuretic use. Similarly, core labora-
tory echocardiographic data from a recent phase 2 drug
study confirmed that patients with HFNEF have markedly
elevated end-diastolic volumes (145 =+ 40 mL) compared
with values of normal subjects from the same control
laboratory (67 = 12 mL) [34].

The primary role of volume expansion is further
highlighted by data obtained from chronic indwelling
intracardiac pressure sensors, such as the Chronicle device
(Medtronic, Inc., Minneapolis, MN). Data obtained from
patients with HFNEF have demonstrated that peak right
ventricular pressure and estimated pulmonary diastolic
pressures slowly increase in the days to weeks preceding
an acute HF decompensation episode, suggesting a central
role of gradually increasing plasma volume [35¢]. Comple-
mentary findings are derived from the UNLOAD trial [36]
of ultrafiltration for inpatient treatment of HF exacerba-
tion. Of the 186 patients enrolled in the study, 45 (24%)
had a normal EF. Half of these patients received ultra-
filtration, whereas the other half received standard care
with intravenous diuretics. In the HFNEF patients, the
amount of fluid removed within 48 hours was similar for
ultrafiltration and diuretic groups, amounting to approxi-
mately 5 L. There were significant improvements in both
groups in patient grading of the severity of dyspnea, and
B-type natriuretic peptide decreased in the ultrafiltration
group. No patients in the ultrafiltration arm experienced
hypotension during this treatment compared with 16% in
the standard care arm. Most importantly, such changes
were not associated with evidence of worsening end-organ
perfusion, particularly renal dysfunction. Thus, volume
expansion precedes symptoms, volume removal alleviates
symptoms without inducing hypotension or end-organ
dysfunction, and it is not necessary to invoke changes in
diastolic function to explain any of these findings.

At 90 days, HFNEF patients treated with ultrafiltra-
tion had hospitalization rates similar to those of patients
given intravenous diuretics and higher than those of
ultrafiltration-treated patients with systolic dysfunction.
These findings suggest that patients with HFNEF are at
a higher risk of recurrence of fluid overload, regardless
of the modality employed to treat congestion. It can be
hypothesized that HFNEF patients have higher central
venous pressures, which, over time, are associated with a
greater reduction of glomerular filtration rate and greater
neuroendocrine activation.

Acute pulmonary edema is one of the most common
clinical manifestations of HFNEF, and diuretics remain
the mainstay of therapy for such patients to affect a

therapeutic reduction in preload volume. In the setting of
HFNEEF, it is believed that these patients are vulnerable
to the hypotensive effects of diuretics and other preload-
reducing agents because, with the presumed reduced
diastolic compliance, patients are highly preload sensi-
tive. However, available data do not support this premise.
During aggressive treatment of acute pulmonary edema in
HFNEF patients [37], blood pressure declines, but gener-
ally not to systolic blood pressures of less than 100 mm
Hg [38]. This is consistent with the data presented from
the UNLOAD trial.

Given the primary role of plasma volume expansion
in contributing to the clinical manifestations of HFNEF,
it is reasonable as in SHF that appropriate attention to
diuretic therapy and dietary salt restrictions is paramount
to the care of HFNEF patients. Aggressive approaches to
monitoring fluid status with indwelling pressure sensors
may be warranted in some patients with disease that is
difficult to manage. Additionally, given the renin-angioten-
sin-aldosterone system activation that occurs with chronic
diuretic therapy and its potentially deleterious effects on
glomerular filtration, exploration of novel approaches,
such as adenosine receptor antagonists [39] to achieve and
maintain a euvolemic state while preserving renal function
could provide important benefits to this population.

Venoconstriction/volume redistribution

Approximately 85% of blood volume resides in the
venous side of the circulation. Classic Guytonian physi-
ology has demonstrated that small alterations in venous
tone and capacitance (particularly in the splanchnic
bed) significantly impact the distribution of intravascu-
lar volume. Such alterations have been shown to be an
important determinant of LV end-diastolic filling pres-
sures. In SHF, pharmacologic venodilation and preload
reduction have been shown to create greater declines in
LV end-diastolic pressure than are achieved with arterial
dilation. Although data regarding the role of venous tone
and volume distribution are currently lacking for patients
with HFNEF, the most important drugs used when these
patients present with acute pulmonary edema are veno-
dilators and diuretics, indicating that directly addressing
total volume status and venous tone address important
pathophysiologic mechanisms, at least in the acute setting.
Indeed, one seminal article [37] demonstrated significant
reductions in blood pressure after treatment for acute pul-
monary edema in HFNEF without concomitant changes
in ventricular volume or EF; we speculate that improve-
ments relate at least partly to reductions in autonomic
tone and the resulting increase in venous capacitance.

Ventricular vascular coupling abnormalities

Normal human aging is characterized by increased conduit
artery stiffening with concomitant ventricular stiffen-
ing, which has been proposed as an underlying substrate
for the development of HFNEF. Kawaguchi et al. [40]
were the first to demonstrate that patients with HFNEF
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had alterations of ventricular vascular coupling beyond
age-matched hypertensive patients and such abnormali-
ties could explain the lability of systolic blood pressure
observed in these patients [41]. Exercise intolerance also
has been associated with increased aortic stiffness and
reduced aortic distensibility in HFNEF patients [42];
however, a mechanistic link has not been established.
Supporting data from an animal model employing renal
artery banding led to hypertension, decreased arterial elas-
tance, and increased LV mass and interstitial fibrosis [43].
These changes tend to exacerbate load-dependent impair-
ment of relaxation and are hypothesized to contribute
to increased filling pressures with hypertensive episodes.
In patients with isolated systolic hypertension [44], the
use of alagebrium chloride to degrade end products of
advanced glycation resulted in enhanced peripheral artery
endothelial function as assessed by flow-mediated arte-
rial dilatation (FMAD) in the superficial femoral artery
(4.64% = 1.07% vs 7.10% = 1.13%; P = 0.047). This was
observed and associated with significantly improved cen-
tral arterial impedance, reflected by a 37% decrease in
the augmentation index (0.20% = 0.05% after treatment
vs 0.31% = 0.04% at baseline; P < 0.007) and a 42%
reduction in augmentation pressures (9.6 =+ 2.6 mm Hg vs
16.5 = 2.8 mm Hg; P < 0.0008) measured in the carotid
artery. Through recently validated single-beat measures
estimating EDPVR and ventricular capacitance and arte-
rial elastance, Redfield et al. [45] showed that advancing
age and female gender were associated with increases in
vascular and ventricular systolic and diastolic stiffness.
As a result, there has been renewed interest in the devel-
opment and evaluation of new and existing therapies that
can target these mechanisms.

Chronotropic incompetence

Peak oxygen consumption (Vo,) depends on arteriove-
nous oxygen difference and cardiac output, with the latter
determined by stroke volume and heart rate. Impaired
stroke volume and heart rate responses have been noted
to contribute to effort intolerance in patients with HF.
Reduced heart rate responsiveness or chronotropic incom-
petence is associated with ischemic heart disease, LV
dilatation, myocardial hypertrophy, and chronic HF (pri-
marily SHF). Chronotropic incompetence has also been
shown to be a predictor of mortality. However, the role
of Vo, measurements in HFNEF has only recently been
characterized. Brubaker et al. [46] reported an increased
prevalence of chronotropic incompetence in elderly HF
patients compared with normal older controls without
significant differences between HFNEF and SHF patients.
Among patients with chronotropic incompetence, peak
work load (40.9 = 5.0 W vs 61.3 =+ 2.7 W; P < 0.05)
and peak Vo, (12.4 = 0.8 mL/kg'/min? vs 14.6 = 0.4
mL/kg!/min'; P = 0.01) were lower than in patients
without chronotropic incompetence, suggesting that
chronotropic incompetence may have a significant
impact on exercise tolerance in these patients. A recent

study demonstrated that chronotropic incompetence in
HFNEF patients may be attributable to autonomic dys-
function [47]. Borlaug et al. [47] compared 17 HFNEF
patients with 19 matched control patients without HF
who underwent maximal-effort upright cycle ergometry
with radionuclide ventriculography to determine rest and
exercise cardiovascular function. They observed a blunted
increase in heart rate in HFNEF patients (14.1 = 10.3 bpm
vs 24.9 + 12.6 bpm; P = 0.015; 20.5% vs 36.3% increase;
P = 0.007). Moreover, the rate of heart rate decline after
exercise was substantially slower in HFNEF patients than
in controls. Because postexercise heart rate deceleration
is thought to be a measure of autonomic function, these
authors further studied patient heart rate responses to an
increase in blood pressure during phase IV of a Valsalva
maneuver. In response to an approximately 30 mm Hg
rise in blood pressure, heart rate decline was impaired in
HFNEF patients (3.7 = 2.8 ms/mm Hg vs 6.5 = 3.6 ms/
mm Hg; P < 0.05), which supported a role of autonomic
dysfunction. These data raised concerns about the use of
B-blockers as a treatment option in HFNEF patients with
impaired chronotropic and/or vasodilatory responses.
Confirmation of these findings in larger prospectively
collected series would be a logical next step. If chrono-
tropic incompetence is shown to be prevalent, identifiable,
reproducible, and associated with significant impairment
in functional capacity in HFNEF, it has been proposed
that cardiac pacing may have therapeutic benefits. How-
ever, the potential benefits of pacing must be balanced by
the potential effect of higher heart rates to increase filling
pressures because of incomplete ventricular relaxation
[48]. Clearly, careful mechanistic studies that attempt to
tease out beneficial and potential detrimental hemody-
namic effects are necessary.

Endothelial dysfunction

The vascular endothelium is considered the key regulator
of vascular tone, inflammation processes, and thrombotic
mechanisms. Impaired endothelial function is recognized as
a first step in the atherogenic process and is associated with
hypertension and HF. Studies have suggested that attenu-
ated endothelial function can be seen early in the course
of HF and leads to decreased organ perfusion, impaired
exercise tolerance, and disease progression. Although
endothelial dysfunction is known to be associated with dis-
ease severity, functional incapacity, and decompensation in
patients with SHF, data relating to this mechanism as an
etiologic factor in HFNEF are only beginning to emerge.
Hundley et al. [49] conducted a study in 30 patients (11
normal, 9 with HFNEF, and 10 with SHF) who under-
went a cardiovascular magnetic resonance assessment of
FMAD followed by symptom-limited exercise testing with
expired gas analysis. Severe reductions in exercise capacity
and peak Vo, were observed in patients with SHF (12 = 2
mL/kg/min) and HFNEF (13 = 1 mL/kg/min) when com-
pared with normal controls (20 = 3 mL/kg/min), but when
compared with baseline, changes in leg FMAD were sub-
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stantially reduced in patients with SHF (0.9 =+ 0.1 mm?) but
not in those with HFNEF (3.1 = 0.4 mm?) or normal con-
trols (3.9 = 0.5 mm?). After adjusting for a wide range of
variables, differences in FMAD between SHF and HFNEF
patients widened (P < 0.05), whereas values for those with
HFNEF remained similar to normal controls. Although
not suggesting a major role for endothelial dysfunction
as a contributor to exercise intolerance in patients with
HFENEF, other studies propose that the increased proximal
aortic stiffness previously associated with reduced exercise
capacity in HFNEF patients [42] may be pathophysiologi-
cally associated with impaired nitric oxide release from
dysfunctional endothelium.

Conclusions

A broad summary of disease mechanisms and associated
factors that can lead to HF in the setting of normal EF
has been provided above and also in a prior report [31]. It
is evident that in patients with certain forms of intrinsic
myocardial disease that diastolic dysfunction is the pri-
mary factor leading to HF, and the term diastolic HF is
fully appropriate. However, there are many extracardiac
pathophysiologic abnormalities identified in patients
without such myocardial disease that may contribute to
the development of HFNEF. Whether the degree to which
such factors are primary mechanisms of disease or simply
secondary changes in response to the HF state have not
been clarified. In view of the diverse and heterogeneous
makeup of the HFNEF population, we have proposed
that HFNEF is not necessarily a single pathophysiologic
clinical entity [6,13,14¢,31].

With the lack of randomized clinical studies show-
ing benefit from any particular therapy to guide clinical
decision making, there is an urgent need for new clini-
cal investigations in this population [50]. Indeed, several
clinical trials of pharmacologic agents that have become
the standard of care for patients with SHF have been
completed or are underway. We propose that if the broad
HFNEF population is composed of patients with different
underlying diseases, results of such clinical trials could be
confounded by the heterogeneous nature of the patients
enrolled. Therefore, identification of potentially patho-
physiologically distinct subgroups of HFNEF patients
could advance clinical research by suggesting rational
bases for selecting new interventions.

Clinical Trial Acronyms

ADHERE—Acute Decompensated Heart Failure National
Registry; CHARM-Preserved—Candesartan in Heart
Failure: Assessment of Reduction in Mortality and Mor-
bidity; [-PRESERVE—Irbesartan in Heart Failure With
Preserved Ejection Fraction; PEP-CHF—Perindopril for
Elderly People With Chronic Heart Failure; SENIORS—
Study of the Effects of Nebivolol Intervention on Outcomes
and Rehospitalization in Seniors; TOPCAT—Treatment of

Preserved Cardiac Function Heart Failure with an Aldo-
sterone Antagonist; UNLOAD—Ultrafiltration Versus
Intravenous Diuretics for Patients Hospitalized for Acute
Decompensated Heart Failure.
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