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Heart failure (HF) can clinically present with pre-
dominantly diastolic or systolic dysfunction or both.
Diastollc HF is a progressive disorder characterized by
impaired left ventricular (LV) relaxation, increased LV
stiftness, increased interstitial deposition of collagen, and
modified extracellular matrix proteins. Clinically overt
diastolic HF, also referred to as HF with normal ejection
fraction (EF), currently accounts for 4Aa/o to 50o/o of all
HF cases and has a prognosis, which is as dire as that of
systolic HF l1l. There is emerging evidence that systemic
arterial hypertension is associated with an increased
prevalence of HF with preserved EF. Because life
expectancy and the prevalence of hypertension are
rising globally, HF is growing into a major health
problem.

The process of myocardial remodeling starts before the
onset of symptoms. Recent HF guidelines t2), therefore,
place special emphasis on the detection of subclinical
LV systolic and diastolic dysfunction and the timely
identification of risk factors for HF. Current guidelines
distinguish four stages of HF, with stage A representing
subjects who are at high risk for HF, because of hyper-
tension, obesity and/or diabetes, but with still normal LV
structure and function and no symptoms of HF. Stage
B includes patients with structural and/or functional LV
abnormalities without clinical symptoms of HF (asymp-
tomatic HF). Stage C represents patients with structural
and/or functional LV abnormalities and symptoms of
HF (symptomatic HF). Finally, stage D refers to patients
with refractory symptoms of HF, requiring specialized
intervention.

A routine physical examination does not allow
diagnosing systolic or diastolic LV dysfunction in the
preclinical phase (stage B). lmpairment of LV diastolic
function, longitu-dinal systolic function and midwall
fractional shortening might appear very early in the
course of hypertensive heart disease. The echo-
cardiographic techniques to assess early subclinical
changes in systolic and diastolic LV function evolved
rapidly over the past 10 years.

New techniques of Tissue Doppler lmaging (TDl)
and tissue tracking provide additional information
about cardiac function over and beyond classical
M-mode and 2D echocardiography and pulsed
wave Doppler.

Assessment of LV diastolic function

The gold standard for assessing diastolic function
remains the LV pressure-volume relation-ship,
but this requires an invasive approach. Doppler
measurements of mitral inflow and the TDI
technique created the possibility of evaluating
non-invasively diastolic 1rn.1|en t:1. Even these
techniques are complex, because no single
measuÍement reflects diastolic function. Thus,
a comprehensive assessment of a number of
variables is required to evaluate diastolic function
as correctly as possible tal. LV diastolic function can
be assessed using the trans-mitral and pulmonary
blood flows, and the TDI mitral annular velocities.

Lower transmitral ratio of peak early filling (E) to
peak atrial filling (A) and lower mitral annular E,/A,
ratio both reflect impaired myocardial relaxation,
characterized by decreased early, but enhanced
atrial filling of the LV. Studies in the general
population Is,6,71 demonstrated that LV relaxation as
reflected by both indexes substantially decreased
with age not only in whole population, but also in
the selected healthy subjects. Current guidelines
propose criteria to diagnose diastolic dysfunction
which are not standardized for age tt,st.

It is likely that by ignoring age and by applying
the same threshold values for the Doppler indexes
throughout the age range, one may under-
estimate the prevalence of subclinical diastolic
dysfunction (impaired relaxation), especially
in young subjects with risk factors such as
hypertension, obesity and diabetes. The
Doppler blood flow measurements and the TDI
mitral annulus velocities can re-flect abnormal LV
relaxation as well as efevated LV filling pressure,
another feature of LV diastolic dysfunction.



Combining transmitral flow velocity with annular
velocity (E/E'ratio) might be a tool for estimating
the LV fillíng pressure t8,e1. The majority of patients
with elevated LV end-diastolic filling pressure in
the presence of normal EF (>50olo), as determined
in several previous studies by invasive pressure-

volume loops, had an E/E'ratio between 8 and 15
t8,101. Ommen et al. t81 suggested that an accurate
prediction of LV filling pressures for an individual
patient requires further characterization of the
intermediate E/E' group, for instance with
pulmonary vein flow and left atrial volume
information.

Presently, only few population-based studies t6,11,71

described the prevalence of preclinical LV diastolic
dysfunction, using the newTDl indexes along with
classical pulsed wave Doppler velocities. These
studies applied a comprehensive Doppler analysis
to grade LV diastolic dysfunction in older adults
(aged 60 to 86 years) tel, in subjects aged 45 years
or older nrl, or in the general population (aged

17 to 89) t7l. The reported prevalence of diastolic
dysfunction in these studies t6,r1,71 varied from
27.3o/o to 34.7o/o, and is influenced by a number
of factors, including the characteristics of the
population studied, and the criteria applied
to diagnose LV diastolic dysfunction. ln the
population, the risk of diastolic dys-function
increased significantly and independently with
higher age, body mass index, heart rate, systolic
blood pressure, serum insulin and creatinine
(Figure 1) tzt.

In a cross-sectional study of participants of the
Flemish Study on Environment Genes and Health
Outcomes (FLEMENGHO), about 50o/o of hyper-
tensive subjects had impairment of LV diastolic
function, whereas only 12o/o of normotensive
subjects could be classified as having
abnormalities of LV diastolic function t7l.

Fígure l.
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Assessment of LV systolic function

On the basis of color Doppler myocardial imaging,
1-dimensional regional strain and strain rate (SR) can be

derived from tissue velocity measurements. Strain and
SR quantifies the actual deformation of the myocardium
(expressed as a percentage) in systole and diastole tt2r.

Echocardiographic velocity-based strain imaging has

been applied for the assessment LV function and myo-
cardial viability at rest and during stress testing for
ischemia t]31.

Geometric remodeling of the LV is one of the key futures
of hypertensive heart disease. Patients with hypertensive
heart disease usually present with concentric
remodeling or concentric LV hypertrophy, but have a

normal-sized LV chamber and normal EF. In the
FLEMENGHO study, strain and 5R imaging enabled
the detection of abnormalities in LV function in subjects
with LV remodeling but with normal EF [14].

Longitudinal and radial strain and 5R significantly
and independently decreased with increased age and
relative wall thickness (RWT) as measure of LV concentric
remodeling.

In contrast, the EF increased with age and RWT. Previous
studies with radionuclide methods trsl or echocardio-
graphy tl61 showed that in healthy subjects LV EF at rest
does notchange, or increases slightlywith age. In keeping
with our observations t1al, studies with TDI t17l or
magnetic resonance imaging tl8l revealed that
longitudinal shortening and/or radial myocardial
thickening was lower in patients with LV hypertrophy
and normal EF than in normal controls. Patients with
LV hypertrophy have increased myocardial fibrosis,
particularly in the subendocardium tlel. The contraction
of the myocardial layer, which is located in the sub-
endocardium, is mainly responsible for longitudinal
shortening t201. Thus, the decreased longitudinal
deformation in subjects with LV concentric remodeling
may be related to subendocardialfibrosis.

OR

2.71

1.63

2.07

1.55

1.27

1.94

1.43

1.1 1

2.20

95o/oCl

(2.02-3.61)

(0.86-3.0e)
(1.42-3.04)

(1.16-2.10)

(1.07-1.69)

(0.e8-3.84)

(1.03-1.e3)
(1.0s-1.69)

(1.47-3.31)

P-value

<0.0001

0.13

0.0002

0.0035

0.00s2

0.056

0.032

0.018
0.0001

Odds Ratio



EUROPEAN CARDIOVASCULAR DISEASE: CLINICAL INSIGHTS AND PRACTICE I Hypertension

f n a healthy reference group (n=236), enrolled in the FLE-

MENGHO study tl41, the 5th percentiles were considered
as the lower limits of normality for the longitudinal

and radial strain. Absolute values for normal myocardial
deformation should be higher than 18.50lo and 44.5o/o for
the longitudinal and radial strain.The prevalence of sub-
clinical LV systolic dys-function in hypertensive subjects,
as estimated from longitudinal and radial strain
measurements was as high as 19o/oI14t.

Early subclinical changes of systolic function could be
more readily detected in the LV basal segments, because
the gradient of average wall stress increases from the
apex to ths $s5g tztl. A recent study in hypertensive
patients lzz: showed that the basal septal strain correlated
inversely with mean arterial pressure and basal septal
wall thickness. Thus, LV strain and SR are sensitive tools
in the detection of subclinical systolic dysfunction
associated with LV remodeling in hypertensive heart
disease.

The major limitation of TDI in the assessment of LV

function is the dependency on the angle of the ultra-
sound beam and the difficulties in assessing regional LV

torsional dynamics. The rotational component of cardiac
contraction plays a significant role in LV ejection and
relaxation, but it is poorly imaged by most TDI
techniques. Newer techniques, such as"speckle tracking"
algorithms, involve identification of multiple unique
patterns of echo-cardiographic pixel intensity that are
automatically tracked throughout the cardiac cycle.

Each pixel's angular displacement is averaged to provide
a measurement of both degree and direction of
rotational motion for each segment of the myocardium.
This method is not limited by angle dependency and
compares favorably with magnetic resonance imaging. A
recent study in hypertensive patients with heart failure t231

showed that the speckle tracking technique, by providing
the combined assessment of LV longitudinal, radial and
circumferen-tialfunction, seems to be a promising tool in
the management of patients with hypertension.

Perspectives

lmpairment of LV diastolic function, longitudinal
and radial systolic function appear very early in the
course of hypertensive heart d isease. Conventional
echocardiography combined with TDI and tissue
tracking techniques is a sensitive tool to assess
early subclinical changes in systolic and diastolic LV

function in hypertension. Few community-based
studies described in a cross-sectional manner the
prevalence of LV systolic and diastolic dysfunction,
using these new echocardiographic modalities.
Serial imaging studies are needed to clarify the
progression of LV changes from stage A to stage B

and later onto stage C, such as previously done in
series of patients with ischemic heart disease after
myocardial infarction. The future prospective
studies will also clarify the hitherto unknown
prognosis associated with early symptom-free LV

dysfunction in hypertensive heart dÍsease.
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LEGENDTO FIGURE

Association between diastolic dysfunction and
clinical and biochemical characteristics. Black
squares and horizontal lines represent the odds
ratio (OR) and 95o/o confidence intervals for
the mutually adjusted covariates, identified by
stepwise regression tzl.
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