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Studies have demonstrated that diastolic dysfunction is fre-
quently present in asymptomatic community-based individ-
uals, especially in the elderly with hypertension, coronary
artery disease, and diabetes. The presence of diastolic dys-
function is a predictor for the development of heart failure
(HF) and confers a higher risk of mortality. These findings
have raised the question of whether treating preclinical
diastolic dysfunction will be helpful in preventing or delay-
ing the onset of clinical HF and mortality, as has been
proven with treatment of asymptomatic left ventricular sys-
tolic dysfunction. In addition, in some individuals, diastolic
dysfunction in the presence of a normal ejection fraction is
associated with exercise intolerance as well as symptomatic
clinical HF, referred to as diastolic HF. Patients with dias-
tolic HF, who are more often elderly women, have a signifi-
cant mortality and morbidity burden compared with age-
matched controls. Studies that further our understanding
of mechanisms underlying diastolic dysfunction and dias-
tolic HF will provide potential new targets for development
of effective therapies for these conditions.

Introduction

As the elderly population in the United States continues to
grow, there will continue to be an increase in the prevalence
of heart failure (HF). The majority of studies in patients with
HF have focused on the natural history, pathophysiology,
and treatment of HF associated with left ventricular (LV) sys-
tolic dysfunction or systolic HE However, it has been increas-
ingly recognized that 30% to 50% of patients with HF have a
normal or only slightly reduced ejection fraction (EF). In
these patients, diastolic dysfunction is thought to be the
major cause of HF; therefore, these patients are labeled as
having diastolic HE. This review focuses on the concepts of
diastolic dysfunction as well as the current knowledge about

the pathophysiologic basis for the entity of HF with pre-
served EF or diastolic HE

Diastolic Dysfunction: Pathophysiology
Diastolic dysfunction refers to abnormal mechanical prop-
erties of the myocardium and includes abnormal LV dias-
tolic distensibility, impaired filling, and slow or delayed
relaxation, regardless of whether the EF is normal or
depressed and whether the patient is asymptomatic or
symptomatic. Diastolic dysfunction implies that the myo-
fibrils do not rapidly or completely return to their resting
length; the ventricle cannot accept blood at low pressures,
and ventricular filling is slow or incomplete unless atrial
pressure rises [1]. Thus, there in an increased dependence on
filling through atrial contraction, as well as higher atrial
pressures to maintain filling or cardiac output [2].

Diastole encompasses the isovolumic relaxation and
filling phases of the cardiac cycle and has active and pas-
sive components. Diastolic filling of the left ventricle is
generally biphasic, with rapid filling in early diastole and
active filling due to atrial contraction in late diastole. Early
diastolic filling of the LV occurs when left atrial pressure
exceeds LV pressure. This crossover pressure is determined
by both left atrial pressure and the rate of LV relaxation.
Late diastolic filling of the left ventricle coincides with
atrial contraction during sinus rhythm. The late filling is
determined by atrial contraction, left atrial pressure, and
LV operating chamber stiffness, that is, the slope of the
diastolic pressure-volume relation. Abnormalities in dias-
tolic function can result from abnormalities in the differ-
ent processes involved in diastole; clinically, the common
manifestation of abnormal diastolic function is an elevated
LV end-diastolic pressure and altered filling patterns,
though the underlying causes may be varied.

Impaired relaxation delays the onset of early LV filling,
thus decreasing the rate of ventricular filling at a fixed heart
rate, and may change the shape of the instantaneous dias-
tolic pressure-volume relationship during early diastole.
Thus, with impaired relaxation, higher left atrial pressures
could be required to achieve normal filling volumes, espe-
cially at fast heart rates [3,4]. Myocardial relaxation
requires that the strongly bound actin-myosin filaments
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return to a low-force-generating state. Therefore, anything
that interferes with cross-bridge detachment or with pre-
ceding calcium removal from the cytosol can potentially
delay relaxation. Impaired relaxation can occur as a conse-
quence of pathologic LV hypertrophy such as that which
occurs secondary to hypertension or aortic stenosis, with
ischemia, aging, and hypothyroidism [5-7]. Global LV
relaxation may also be slowed in the presence of regional
mechanical asynchrony as seen after segmental myocardial
infarction [7]. Cardiac afterload, especially related to arte-
rial stiffness, also affects relaxation. An increase in load
early in systole (such as hypertension) may prolong relax-
ation [6,8].

Diastolic dysfunction during the late filling phase of
diastole can be a result of increased LV operating stiffness
(diastolic stiffness). LV chamber stiffness is determined by
both myocardial mass as well as myocardial composition.
Aging as well as increased LV wall thickness relative to cav-
ity size, such as with systemic hypertension or valvular aor-
tic stenosis, will increase LV chamber stiffness; that is,
decrease LV compliance [7]. In the myocardium, changes
in both intracellular and extracellular structures can lead to
changes in stiffness. For example, intracellularly, any
change in titin isoforms or distribution or an increase in
mictrotubule density and/or distribution can increase
myocardial stiffness [9-11]. Extracellularly, changes in the
fibrillar collagen, in its amount, degree of cross-linking,
distribution, and ratio of collagen type I to type III, as may
occur in hypertrophy, after infarction, and with aging, can
lead to changes in myocardial stiffness [6]. In addition,
infiltrative cardiomyopathies such as amyloidosis increase
myocardial stiffness. It has been hypothesized that in addi-
tion to structural proteins such as titin and collagen, dias-
tolic stiffness may be under active control. Active
myocardial tone contributed to by calcium-myofilament
interaction may potentially explain some acute episodes of
HF that occur during periods of abrupt hypertension or
anginal/ischemic episodes [6]. In addition, neurohor-
monal and cardiac endothelial activity also modulate ven-
tricular stiffness and relaxation [1].

Measurement of Diastolic Function

Measurements of diastolic function can be divided into
those that reflect the process of active relaxation and those
that reflect passive stiffness. This division is in some ways
arbitrary, because structures and processes that alter relax-
ation can also result in measurable abnormalities in stiff-
ness. The gold standard of diastole assessment is using
specialized invasive measurements with cardiac catheter-
ization. These include quantification of the isovolumic
relaxation by calculation of the peak instantaneous rate of
LV pressure decline, peak (-) dP/dt, and the time constant
of isovolumic LV pressure decline, T, using micromanome-
ter catheters, as well as assessment of chamber stiffness and
myocardial stiffness by examination of pressure-volume

relationships and examination of myocardial stress, strain,
and strain-rate relationships during diastole [12]. The find-
ing of elevated LV end-diastolic pressure is usually the
common final result of any combination of diastolic
abnormalities. Echocardiographic Doppler techniques are
a widely available noninvasive tool to evaluate various
diastolic parameters. However, it is important to note that
most diastolic measurements with echocardiography are
influenced by loading conditions and do not always reflect
only intrinsic myocardial diastolic parameters. Details
about the invasive and noninvasive measurement of dias-
tolic dysfunction have recently been reviewed and are not
further described here [12,13].

Prevalence and Prognostic Importance of
Diastolic Dysfunction

Cardiovascular diseases such as hypertension, coronary
artery disease (CAD), and cardiomyopathies often result in
systolic and diastolic dysfunction. Nearly all patients with
systolic dysfunction have some coexisting diastolic dys-
function, specifically impaired relaxation and decrease in
ventricular compliance [14]. In addition, it has been
increasingly recognized that patients with normal EFs can
also have marked impairment in diastolic function which
may or may not be associated with clinical evidence of HF
[15].

A few studies have examined the prevalence of dias-
tolic dysfunction in community-based cohorts as well as
the predictive value of abnormal diastolic parameters for
the development of HF and for mortality. In the second
Strong Heart Study of 3008 population-based, middle-
aged and elderly (45-74 years) American Indians, Bella et
al. [16] followed patients over an average of 3 years to
assess risk of all-cause and cardiac death associated with
abnormal E/A ratio (E/A < 0.6 or E/A > 1.5) on mitral
Doppler echocardiography. At baseline, 81% of partici-
pants had normal E/A ratios, 16% had E/A less than 0.6
and 3% had E/A ratio greater than 1.5. During follow-up,
all-cause mortality was higher with E/A ratios under 0.6
and E/A ratios over 1.5 (12% and 13%, respectively, com-
pared with 6% in patients with a normal E/A ratio) as was
cardiac mortality (4.5% and 6.5% vs 1.6% in normal
patients; P < 0.001 for both). After adjusting for age, sex,
body mass index, blood pressure, ejection fraction, and
other comorbidities, the relative risk of all-cause death
with E/A ratio over 1.5 was 1.73 (95% CI 0.99-3.03; P =
0.05) and relative risk of cardiac death was 2.8 (95% CI
1.19-6.75; P < 0.05); however, E/A ratios under 0.6 did
not remain an independent predictor of all-cause or car-
diac mortality. Of note, E/A ratios over 1.5 were associated
with an increased risk of mortality even in the absence of
HF and in patients with preserved EF.

In the Cardiovascular Health Study of the elderly (aged
> 65 years), Aurigemma et al. [17] assessed the ability of
echocardiographic indices of diastolic and systolic dysfunc-
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tion to predict incident HF. Echocardiographic data were
obtained in 2671 men and women without known CAD,
HE or atrial fibrillation at baseline. After a mean follow-up
of 5.2 years, 6.4% of the cohort developed HE. Although
96% of these participants had normal or borderline EF at
baseline, only 57% had normal or borderline EF at the
time of the incident HFE. In multivariate modeling, peak
mitral Doppler E wave velocity independently predicted
incident HF (relative risk 1.15 for each 0.1 m/sec incre-
ment; 95% CI 1.02-1.21),in addition to fractional shorten-
ing at the endocardium and at mid wall. In addition,
abnormal mitral Doppler E/A ratios indicative of diastolic
dysfunction (low E/A ratio < 0.7 or high E/A ratio > 1.5),
were independently predictive of the development of clini-
cal HF with a risk ratio of 1.88 (95% CI 1.33-2.68) for E/A
ratio below 0.7 and risk ratio of 3.50 (95% CI 1.80-6.80)
for E/A above 1.5 compared with the normal or intermedi-
ate ratio of E/A. The findings from these studies indicate
that echocardiographic abnormalities including Doppler
abnormalities of diastolic dysfunction may help to identify
older adults predisposed to adverse outcomes. It has been
shown that control of hypertension and regression of LVH
may improve LV diastolic filling [18]; however, the impact
of these interventions on the prevention or delay in devel-
opment of HF or on survival remains to be elucidated.
Most recently, Redfield et al. [19ee] examined the preva-
lence of preclinical diastolic dysfunction in 2042 randomly
selected residents of Olmstead County, MN aged 45 years or
older and also evaluated whether the presence of diastolic
dysfunction was a predictor of all-cause mortality. In this
study, participants had more in-depth echocardiographic
evaluations of diastolic function compared with the two
studies described above. Impaired diastolic dysfunction was
based on mitral inflow Doppler (including change with Val-
salva), Doppler tissue imaging (DTI) and pulmonary venous
flow Doppler. The investigators found that diastolic dysfunc-
tion was common; overall 20.8% had mild, 6.6% had mod-
erate, and 0.7% had severe diastolic dysfunction. In addition,
5.6% had moderate or severe diastolic dysfunction with a
normal EF. The prevalence of diastolic dysfunction was
found to increase with age, was more common in partici-
pants with cardiovascular disease, diabetes, or systolic dys-
function, and was equally prevalent in men and women.
Figure 1 demonstrates the increasing prevalence of diastolic
dysfunction with advancing age. The frequency of clinical HF
increased dramatically with increasing severity of diastolic
dysfunction, but in patients with moderate diastolic dysfunc-
tion, only 6% had clinically documented HF and even in
patients with severe diastolic dysfunction, only about 50%
had a diagnosis of HE. Patients with diastolic dysfunction
without clinical HF could therefore be considered to have
preclinical diastolic dysfunction. Furthermore, the presence
of diastolic dysfunction was associated with a significant
increase in mortality, with more severe diastolic dysfunction
being associated with higher mortality (Fig. 2). Diastolic dys-
function remained an independent predictor of mortality

even after adjusting for age, sex, and LVEF (hazard ration
8.31, 95% CI 3.0-23.1, for mild diastolic dysfunction vs nor-
mal diastolic function and hazard ratio 10.2, 95% CI 3.3-
31.0, for moderate to severe diastolic dysfunction vs normal
function) [19ee]. Again, this study raises the issue of whether
treating preclinical diastolic dysfunction will be helpful in
preventing or delaying the onset of clinical HF or of mortal-
ity, as has been proven with the treatment of asymptomatic
LV systolic dysfunction.

Symptomatic Diastolic Dysfunction and
Diastolic Heart Failure

Nearly all patients with symptomatic systolic dysfunction
have some coexisting diastolic dysfunction, specifically,
impaired relaxation and decrease in ventricular compli-
ance [14]. In addition, it has been increasingly recognized
that patients with normal EFs can also have marked
impairment in diastolic function which may be associated
with no symptoms (isolated diastolic dysfunction), with
only symptoms of exercise intolerance and dyspnea with-
out clinical signs of HF on examination or with symptoms
and signs of HE referred to as diastolic HF [15].

Exercise Intolerance with

Diastolic Dysfunction

Patients with diastolic dysfunction may exhibit exercise intol-
erance for several reasons. The ability to increase cardiac out-
put during exercise without an abnormal elevation in left
atrial pressure depends on the capacity of the left ventricle to
enhance its diastolic filling. Patients with diastolic dysfunc-
tion have an abnormal increase in LV diastolic/left atrial pres-
sure with exercise and may therefore have significant exercise
intolerance even without clinical evidence of congestion at
rest. The elevated LV diastolic and pulmonary venous pres-
sure causes a reduction in lung compliance, which increases
the work of breathing and evokes the symptom of dyspnea.
In addition, the majority of patients with diastolic dysfunc-
tion have LV hypertrophy, high relative wall thickness, and a
small end-diastolic volume, and therefore have a low stroke
volume and depressed cardiac output during exercise [20]; a
ventricle with a normal EF cannot produce a normal stroke
volume if the chamber size is small. During exercise, patients
with diastolic dysfunction have a very limited ability to
increase end-diastolic volume and stroke volume via the
Frank-Starling mechanism despite elevated LV filling pres-
sure during exercise [1,21,22]. This limited preload reserve,
especially if coupled with chronotropic incompetence that is
seen with advancing age, limits the cardiac output during
exercise, which may be associated with early skeletal muscle
lactate formation and severe fatigue. Furthermore, elevated
systolic arterial blood pressure increases LV afterload, thus
slowing LV relaxation and reducing the extent of ejection.
The ventricle operates at higher volumes (utilization of pre-
load) and there is an increase in left atrial pressure in
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Figure 1. Prevalence of diastolic dysfunction
(DD) according to age. Data obtained from
2042 randomly selected residents of Olmstead
County, MN. Grade | DD = mild diastolic dys-
function, grade Il = moderate diastolic dysfunc-
tion, grade 11l and IV = severe diastolic
dysfunction. (Data from Redfield et al. [19ee].)
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response to increased systolic load. In the elderly and hyper-
tensive patients (the group of patients that have diastolic dys-
function), the increase in systolic pressure with exercise is
frequently exaggerated, with resultant worsening of diastolic
dysfunction and a further elevation in LV filling pressure and
thus wedge pressure during exercise. There are data to suggest
that this exercise-induced increase in blood pressure is medi-
ated by exercise-induced elevations of angiotensin II, which
itself may also contribute to further impairment of LV relax-
ation. A reduction in angiotensin II levels during exercise
using angiotensin receptor blockers may therefore be useful
in decreasing exercise-induced hypertension and thereby
improving exercise tolerance in patients with diastolic dys-
function [23,24].

Diastolic Heart Failure

A number of studies have shown that 30% to 50% of
patients presenting with clinical signs and symptoms of
HF have a normal or near normal LVEF [25,26¢,27]. In the
absence of significant valvular or pericardial abnormali-
ties, the elevated LV diastolic and pulmonary venous pres-
sures are predominantly a result of diastolic dysfunction.
Zile et al. [15] evaluated diastolic function in 63 patients
with a history of HE normal EF, and at least borderline
mild hypertrophy on echocardiogram. None of the
patients in this study had evidence of CAD. Sixteen
patients had measurement of LV diastolic pressure with
fluid-filled catheters and 47 underwent combined
echocardiographic-hemodynamic (micromanometer)
studies. All patients were found to have an abnormality in
at least one index of diastolic dysfunction. The investiga-
tors concluded that objective measurement of LV diastolic
function just confirms the diagnosis, but is not required to
make the diagnosis of diastolic HF. In the group of 47
patients with complete echocardiographic and hemody-
namic-manometric studies, further analyses demonstrated
significant abnormality of active relaxation (including
longer time constant of isovolumic-pressure decline or 1)

and an increase in LV chamber stiffness (resulting in a
shift of the diastolic LV pressure-volume curve up and to
the left) compared with normal controls [28].

These studies confirmed that patients with HF and nor-
mal EF have abnormalities in the diastolic properties of the
heart (abnormal relaxation and increased passive stiffness)
that can explain the hemodynamic abnormalities evi-
denced clinically as HE

In patients with diastolic dysfunction, other factors
may also contribute to the development of clinical HE. For
example, increased arterial stiffness (which increases with
increasing age and with hypertension), may exacerbate the
underlying LV diastolic abnormalities [15,29]. Kawaguchi
et al. [30] demonstrated an increase in both arterial and LV
systolic stiffness in patients with HF with a normal EE They
hypothesized that the combined ventricular-vascular stiff-
ening could contribute to the development of HF in several
ways. First, increased basal LV systolic stiffness can blunt
contractile reserve in response to positive inotropy. Second,
the increased ventricular-arterial stiffening can increase sys-
tolic blood pressure sensitivity to circulating blood volume
and may trigger rapid-onset pulmonary edema. The
increased combined stiffness predicts pressure-load depen-
dence, perhaps favoring blood redistribution into more
compliant pulmonary veins. Third, the combined stiffen-
ing may increase cardiac energy costs to provide blood
flow that may limit reserve in those with concomitant cor-
onary artery or other heart disease. Lastly, the increased
ventricular-arterial stiffening along with the resulting rise
in systolic pressure during stress can lead to further wors-
ening in diastolic function with delayed relaxation,
impaired filling, and elevation of diastolic pressures [30].
Neurohormonally mediated increases in venous tone and
systemic arterial pressure may also lead to a shifting of
blood to the central circulation. The increase in ventricular
volume could be associated with a large increase in LV
diastolic pressure and HF. Furthermore, even though LVEF
is normal, studies have shown that LV systolic function
may not be completely normal in patients with diastolic
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HE and early contractile dysfunction may be another con-
tributor to the development of HF [31,32]. In patients with
underlying diastolic dysfunction, common clinical precipi-
tants of HF can include uncontrolled hypertension, atrial
fibrillation, nonadherence with medical regimen or with a
low-salt diet, myocardial ischemia, anemia, renal insuffi-
ciency, or the use of nonsteroidal anti-inflammatory drugs.

Epidemiology of Diastolic Heart Failure
Though various definitions of diastolic HF have been pro-
posed [33,34], epidemiologically, diastolic HF has been
defined by clinical signs and symptoms of HF along with a
preserved EF. The cutoff for EF has, however, varied
between studies with an EF greater than or equal to 40% to
55% being considered as preserved EF [25,26¢,27]. It may
be better to restrict the term diastolic HF to patients with
an EF greater than or equal to 50%, because patients with
an EF between 40% and 50% may have significant systolic
dysfunction too. Of note, isolated diastolic HF is consid-
ered present only in the absence of significant valvular and
pericardial abnormalities, restrictive or infiltrative heart
disease as well as the absence of other comorbidities such
as severe anemia, pulmonary disease, obesity and hyper-
thyroidism or hypothyroidism that may contribute to the
presentation of HE

The epidemiology of diastolic HF has been reviewed
in a number of recent publications [26¢,27]. In recent
community-based studies, diastolic HF has constituted
40% to 50% of all cases of HF [19e¢,35-37]. Diastolic
HF is more prevalent in the elderly and in women.
Patients with diastolic HF are more likely to have hyper-
tension and associated LV hypertrophy and less likely to
have CAD compared with patients with systolic HF.
Although the risk of mortality associated with diastolic
HF is lower than that for systolic HE, mortality still signif-

icantly exceeds that for age-matched controls [12]. In
contrast, morbidity as measured by hospitalization and
readmission for diastolic HF is substantial and compara-
ble to that of patients with systolic HE. To date, only one
large randomized clinical trial demonstrating no benefi-
cial effect on mortality, but a modest 11% reduction in
HF hospitalizations, with the angiotensin receptor
blocker, candesartan, has been completed in this patient
population [38]. Because of the significant morbidity
and mortality burden associated with the condition, the
results of ongoing trials evaluating potential therapy for
diastolic HF are eagerly awaited.

Conclusions

The presence of diastolic dysfunction is a predictor for the
development of HF and confers a higher risk of mortality,
raising the question of whether treating preclinical diastolic
dysfunction will be helpful in preventing or delaying the
onset of clinical HF and mortality, as has been proven with
treatment of asymptomatic LV systolic dysfunction. In addi-
tion, diastolic HF is also associated with a significant mortal-
ity and morbidity burden. Studies that further our
understanding of mechanisms underlying diastolic dysfunc-
tion and diastolic HF will provide potential new targets for
development of effective therapies for these conditions.
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