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Introduction

To maintain life of human being, blood should carry oxygen and nutrient to the organs
and waste products from the organs. Blood travel blood vessels, arteries and veins.
Heart propels blood to the aorta, arteries and arterioles. To travel blood through aorta
and arteries, appropriate blood pressure should be maintained. Normal range of blood
pressure is below 120 mmHg of systolic pressure and 80 mmHg of diastolic pressure.
The wall property of aorta and arteries is important. The wall of aorta and arteries
composed with three layers. From the inner lumen, the first layer is intima, the second
layer is media, and the last layer is adventitia. The major component of media is
smooth muscle cells. Normally arterial wall has elastic property. During systolic period,
heart ejects stroke volume of blood into the aorta. Approximately 50% of the stroke
volume is directly forwarded to the peripheral circulation. Remained 50% of stroke
volume is stored in the peripheral resistance and elastic expansion of the aortic wall.!
With a fall in aortic pressure, the elastic property of aortic wall propels blood to the
peripheral circulation. During diastolic phase, pressure and blood flow are maintained.
A nearly continuous peripheral blood flow maintained in spite of rhythmic ejection of
blood by heart. Maintenance of blood flow during diastolic phase is by the elastic
property of aorta which is called “Windkessel function”.? Another mechanism to
maintain blood pressure during diastole, is the reflected wave from the peripheral
circulation. Reflected wave from peripheral circulation returns to the ascending aorta
during early diastole.” The Windkessel function largely depends on the elasticity of the
aorta. The elasticity of aorta and arteries changes with increasing age and blood
pressure, Various disease conditions, such as diabetes and hypercholesterolemia
causing atherosclerosis, also can change the elasticity. The elastic property of artery is
exerted by media, containing elastin fibers, collagen fibers and smooth muscle.
Changes of elastic property of arterial wall, especially media leads to increase in
arterial stiffness. Aging process induces increase in arterial stiffness. With increasing
age, progression of atherosclerosis, degenerative changes in arteries cause arterial
dilatation and thickening of arterial wall, and this change leads to increase in arterial



stiffness. High arterial distending pressure increases arterial stiffness.* Chronic rise in
blood pressure cause recruitment and accumulation of less extendible collagenous
fibers in arterial media, and makes arteries stiffer. In addition to high blood pressure,
endothelial dysfunction causes increased arterial stiffness. Diabetes, chronic renal
failure and other disorders causing rapid progression of atherosclerosis increase arterial
stiffness. Atherosclerosis decreases arterial elasticity or increase stiffness. Increase in
arterial stiffness causes deterioration of Windkessel function and increase in pulse wave
velocity. Stiffening of large arteries increases the amplitude of the pressure wave and
enhances the propagation velocity of the pressure wave. This leads to earlier return of
reflected pressure waves to the central aorta, where they augment central puise
pressure. This increased load of central pulse pressure may promote ventricular and
vascular hypertrophy and fibrosis.

Arterial stiffness can be measured by various methods. Among the methods, puise
wave velocity (PWV) is widely and easily used. PWV is derived from the measurement
of pulse transit time (t) and the distance (L) traveled by the pulse between two puise
recording sites, using the formula: PWV (cm or m/sec) = L/t. First measurement of
PWV was done by Bramwell et al.” in 1922. PWV increases as arterial wall stiffened and
diameter of artery decreased. Pulse transit time is determined from the time delay
between the foot of the two corresponding waves, proximal and distal, for example
carotid and femoral artery. Traditionally, the distance traveled by pulse is obtained from
superficial measurement of the distance between the two sensors by tape. Recently,
easy and comfortable devices which can measure PWV is developed and widely used.

Clinical implications of arterial stiffening

Increased arterial stiffness is a hallmark of the aging process and the consequence of
various diseases, and has been recognized as a strong independent predictor of
cardiovascular event, such as myocardial infarction, heart failure and stroke, in several
cardiovascular disease and chronic renal failure.®**

Age and arterial stiffness

Arterial stiffness increases with age. Age-dependent increase in central arterial stiffness
is independent of mean blood pressure or the presence of other risk factors.” Age is
the major clinical determinant of aortic stiffness.'*** The effects of aging are different
on proximal, predominantly elastic arteries, compared to distal, muscular arteries.'®'® A
number of clinical studies analyzed the effects of age on aortic stiffness by

measurement of PWV. Central arteries stiffen progressively with age, whereas stiffness



of muscular arteries changes little with age.'® Aortic stiffness increases gradually and
continuously with age, similarly for men and women.'® Aortic stiffness increases with
age independently of other cardiovascular risk factors or other associated conditions.
In the past, vascular stiffening and increase in systolic and pulse pressure have been
considered as a part of normal aging and no treatment for these changes have been
proposed. However, it has now been confirmed that older subjects with increased
arterial stiffness and elevated systolic and pulse pressure have higher cardiovascular
morbidity and mortality.”** Thus increased arterial stiffness should be considered as a
major risk factor for cardiovascular event.

Hypertension and arterial stiffness

In subjects with hypertension, the principle structural change in arterial wall is medial
hypertrophy and intimal thickening.”** Elevation of blood pressure induce reduced
carotid and central arterial compliance in spite of increase in arterial diameter.* In
elderly hypertensive patients, high blood pressure induces thickening of arterial wall
leading to atherosclerosis. This change is associated with reduced compliance and
distensibilty independent of blood pressure level.?

Ejection of blood from heart into aorta generates a pressure wave propagating to other
arteries. Forward traveling pressure wave is reflected at where structural and functional
discontinuity of arterial tree exists, generating a reflected wave traveling backward
toward the descending aorta.” Forward and reflected waves are summed up, and
summed wave determines final amplitude and shape of pulse pressure. The timing of
forward and reflected pressure wave depends on PWV, the traveling distance of
pressure waves, the level of reflection coefficients, and the duration of ventricular
ejection. Increased PWV induces earlier return of reflected waves and makes returning
of reflected wave more closely to the phase of forward wave. The earlier return of
reflected wave close to the forward wave means that reflected wave amplify aortic
pressure during systole and reduce aortic pressure during diastole.’’* This alteration
of systolic and diastolic blood pressure results in increased pulse pressure. And also
earlier return of reflected wave during systolic phase results in increased afterload of
left ventricle. Increased afterload induces left ventricular hypertrophy and is associated
with cardiovascular event and mortality. Thus increased aortic PWV may be a major
determinant of cardiovascular risk in hypertensive subjects. A number of
antihypertensive drugs, such as calcium channel blockers, angiotensin converting
enzyme inhibitors and angiotensin receptor blockers can reduce stiffened arteries.



Diabetes and arterial stiffness

Hyperglycemic diabetics have increased arterial stiffness. Diabetic patients have diffuse
arterial thickening and stiffening. The duration of diabetes related to the degree of
atherosclerosis. A number of studies have reported that type I and II diabetic patients
have stiffer arteries than normal subjects.”’** Fasting blood glucose and insulin level
also showed positive correlation with increased arterial stiffness. Recently close
relationship of metabolic syndrome to the increased arterial stiffness have reported.®

End-stage renal disease (ESRD) and arterial stiffness
ESRD has high prevalence of isolated systolic hypertension. Increased aortic stiffness
with increased PWV and wave reflection, augmentation index is the principle factor

%37 Increased aortic stiffness is

responsible for isolated systolic hypertension.
independent risk factor for total mortality and cardiovascular morbidity and mortality in
ESRD patients. The consequence of increased arterial stiffness in ESRD patients is an
early return of wave reflections to the aorta and disappearance of aortic-to-peripheral
pressure amplification.®® This phenomenon, which normally appears after the sixth
decade, appears already during the fourth decade in ESRD patients. When compared
to non-ESRD subjects with similar brachial blood pressure, the aortic systolic blood

pressure is higher in ESRD patients.

Hyperlipidemia and arterial stiffness

The influence of hyperlipidemia on arterial stiffness is controversial. Research with
animal showed increase in aortic distensibility in animals exposed to grossly elevated
plasma cholesterol levels with severe experimental atherosclerosis at an early stage,
and subsequently decreased as atheroma progressed at the later stage of disease.?**
Young patients with familial hypercholesterolemia have significantly more distensible
aortas than the control subjects.*” Contrary to young hypercholesterolemic subjects,
adults with familial hypercholesterolemia had significantly less distensible aortas than
normocholesterolemics.**** However, studies from different populations showed no

demonstrable association between aortic stiffness and total plasma cholesterol.***°

Summary

Various diseases induce changes in arterial wall. These changes in arterial wall are not
the only consequence of disease. Arterial wall changes and increase in arterial stiffness
will aggravate cardiovascular disease and eventually lead to mortality. Increased
arterial stiffness is an independent risk factor for total mortality and cardiovascular



morbidity.
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