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Hypertension,
Hyperlipidemia,
Diabetes Mellitus,
Smoking

Arterial hypertension is a highly widespread cardiovascular
risk factor in the general population and particularly in advanced
age.
Though randomized pharmacological trials have shown a
marked reduction in cardiovascular morbidity and mortality
in treated elderly essential hypertensive patients, adequate
blood pressure control and effective cardiovascular prevention is
achieved only in a minor portion of this population in clinical
practice.
This contrast may be explained by the fact that in elderly
individuals, the presence of multiple cardiovascular risk
factors, target organ damage, associated cardiovascular
conditions and a large blood pressure variability all make
achievement of optimal blood pressure control very difficult.

Subclinical organ damage represents an intermediate
stage in the continuum of vascular disease and a
determinant of overall cardiovascular risk.
Signs of subclinical organ involvement, otherwise called
target organ damage (TOD), should be investigated thoroughly
in hypertensive patients with valid noninvasive methods at
baseline leading to proper treatment choices and during
follow-up of hypertensive patients in order to determine
reduction of cardiovascular risk and treatment success.
TODs
include
arterial
stiffness,
left
ventricular
hypertrophy, left ventricular diastolic dysfunction, left
atrium (LA) enlargement, impaired coronary flow reserve (CFR),
increased intima-media thickness (IMT), elevated levels of
microalbuminuria, and cognitive impairment.

Epidemiology and Total
Cardiovascular Risk

Arterial
stiffness
represents
an
independent predictor for all cause and
cardiovascular mortality and morbidity in
patients
with
essential
hypertension,
diabetes, or end-stage renal disease.
Arterial stiffness can noninvasively be
estimated by measuring carotid–femoral
pulse wave velocity (PWV), that is, the
velocity of the pulse wave to travel a given
distance between two sites of the arterial
system.
PWV measurement is widely used as an
index of large artery compliance.

Diastolic heart failure (HFpEF) is characterized by the
symptoms and signs of heart failure, a preserved ejection fraction
and abnormal left ventricular (LV) diastolic function caused by
a decreased LV compliance and relaxation.
The diagnosis of diastolic heart failure is often one of exclusion.
The majority of patients with HFpEF have a history of
hypertension. Hypertension induces a compensatory thickening of
the ventricular wall in an attempt to normalize wall stress,
which results in LV concentric hypertrophy, which in turn
decreases LV compliance and LV diastolic filling.
There is an abnormal accumulation of fibrillar collagen
accompanying the hypertension-induced LV hypertrophy, which is
also associated with decreased compliance and LV diastolic
dysfunction.

Fig. Abnormal left ventricular (LV) diastolic function
caused by a decreased LV compliance and relaxation.
The filling phase of the cardiac cycle moves along the end-diastolic
pressure-volume relationship or passive filling curve of the ventricle.
A shift of the curve from A to B indicates that a higher LV pressure is
required to distend the left ventricle to a similar volume, in this case
from 100 to 120 ml.

•

Left atrium (LA) enlargement is caused by hypertension
and is detected earlier than left ventricular hypertrophy or
dilatation in the course of hypertensive heart disease.

•

Office pulse pressure is the only non-invasive index of
arterial stiffness, which can strongly and independently
determine left atrial size in non-dipper hypertensive patients
with newly diagnosed essential hypertension.

•

By ROC analysis, the cutoff value of PP > 57.5mm Hg
predicted the presence of LA enlargement in non-dippers.

An independent relationship
of PWV with left ventricular
diastolic dysfunction, and LA
enlargement was revealed.
When dipping status was
taken
into
account,
PWV
associated with left ventricular
diastolic dysfunction, and LA
enlargement in dippers.
It seems that in patients with
increased
24-h
hypertensive
burden
and
subsequent
augmented cardiovascular risk,
nondippers,
a
different
TOD
pattern compared to dippers is
observed.

Although

not

proven,

an

improvement in aortic stiffness
during hypertension treatment may
reduce
mortality.

CV

morbidity

and

PWV improvement due
to
successful
antihypertensive treatment
is evident when at least
moderately
impaired
arterial
stiffness
is
present at baseline, while
the magnitude of PWV
decrease is independent
of
the
observed
BP
decrease.
(a) PWV0 increases with age in treated uncontrolled hypertensives,
(b) PWV0 remains almost unchanged in controlled hypertensives,
(c) PWV0 decreases in those controlled hypertensives with a baseline
PWV >12.4 m/s who are older with more severe baseline hypertension
(d) Using ROC curve, the cutoff level of baseline PWV >10.4 m/s predicts
aortic stiffness improvement after 3 years of successful treatment.

Treatment strategies
Lifestyle changes like physical activity, smoking cessation, salt
and weight reduction, and balanced diet might decrease arterial
stiffness; however, findings are conflicting.
It seems that the administration of statins might lead to a
neutral (pravastatin), intermediate (simvastatin), or positive
(fluvastatin) effect regarding PWV improvement in patients with
hypertension and hyperlipidemia.
All antihypertensive drugs reduce arterial stiffness, since the
reduction of BP unloads the stiff components of the arterial wall,
leading to a passive decrease of PWV. A recent meta-analysis and
meta-regression analysis of RCTs documented that ACE inhibitors
and ARBs reduce PWV beyond BP reduction. However, it is not
clear whether they are superior to other antihypertensive agents
in their effect on arterial stiffness.
1. J Hypertens 2011; 29:1034–1042. 2. Atherosclerosis 2012; 221:18–33.

Changes in PWV during long-term studies are not
dependent on changes in mean BP leading to the conclusion of
a decoupling of PWV and BP when control of BP is effective
for a long period of time.
It is suggested that the reduction in PWV occurs in 2
phases in treated patients with hypertension; in the first one,
PWV falls in parallel with the short term fall in BP, and in
the second phase, PWV continues to fall significantly,
despite a limited BP reduction.
The second phase is more likely related to the arterial
remodeling
occurring
in
response
to
long-term
administration
of
antihypertensive
drugs
and/or
normalization of other CV risk factors.

Clinical
Implications

We revealed the significance of an already activated
RAAS with subsequent impaired baseline aortic stiffness in
order for RAAS inhibitors to exhibit their destiffening effect.
We believe that antihypertensive treatment reduces
future CV events when it takes into consideration both
increased BP and impaired aortic stiffness at baseline and
targets both BP decrease and aortic stiffness improvement as
well.
Hypertensive patients need a follow-up in arterial
stiffness.

Arterial stiffness by itself is associated with left ventricular
diastolic dysfunction.
Both left ventricular hypertrophy and diastolic dysfunction
have been linked to cardiovascular morbidity and mortality,
irrespective of blood pressure.
Whether arterial stiffness truly precedes and predicts the
development of left ventricular dysfunction or whether both
parameters are simply the result of the ageing of the
cardiovascular system remains the question.

