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Fig. 1. Profile of blood pressure fall across the vascular
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Fig. 2. Hemodynamic effects of tensile stress (pressureinduced), shear stress (flow-induced), cyclic stress (pulse pressure),
and intra-/extra-cellular stimuli such as angiotensin I, endothelin-I, nitric oxide, and superoxide anions induce changes
in smooth muscle cell structure, endothelium and exiracellular matrix. In large arteries, there is media thickening and
outward luminal dilation. In small arteries, slight media thickening and inward luminal narrowing, with increased media
to lumen ratio and no increase of the cross-sectional area of the media. Endothelial function is impaired, with reduced
flow-mediated dilation and decreased response to stimulation by agents like acetylcholine. Hemodynamic and hum-
oral factors influence extracellular matrix deposition and the integrity of elastin lamellae, associated with enhanced
collagen deposition. Extracellular matrix changes, cell-fibrillar extracellular attachment and other factors combined to
increase vascular stiffness, especially in elastic arteries such as aorta and the carotid.

Table 1. Difference between large and small arterial changes in essential hypertension

Aorta and other conduit arteries Resistance (small) arteries
Structure Increased lumen diameter in large Decreased lumen diameter, Increased M/L
elastic arteries, normal lumen diameter ratio, no change or slight increase of
in muscular arteries, increased media media thickness, no change in CSA
thickness increased CSA
Endothelial function Normal or decreased Normal or decreased
Vascular stiffness Normal or increased Normal or decreased initially, increased later

CSAO cross sectional area, M/LO media to lumen ratio
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Fig. 3. Relations among pressure, wall stress, resistance
and blood flow in a blood vessel segment located any-
where in the circulatory system, especially the small
artery and the heart. The structural modifications may
be a protective adaptation in the face of elevated
blood pressure. To maintain circumferential wall stress
(stressO tension/wall width) constant in hypertension,
luminal radius decreases and vascular wall thickens.
Thus, blood vessel wall thickening may, initially, buffer
the damaging effects of high blood pressure on the
vascular wall. Overall resistance (pressure/flow) are
amplified in inverse proportion to the fourth power of
internal radius. o indicates wall stressO pr, pressured
r, radiust w, wall thicknessO ¢, constantd P1 and P2,
intraluminal pressure at site 1 and 2001, length of the
vesselll n , viscosity of the blood.
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Table 2. Small arteries in mild to moderate essential hypertension

Normotensive Hypertensive Effect of Antihypertensive drugs
Wall stress Normal Normal Unchanged
Normal Increased Reversed with CCB, ACEI,
Structure (M/L) ATIRAD unaffected by BB
Endothelial function Normal Normal or decreased Improved by CCB, ACEI,

(Acetylcholine response)
Vascular stiffness Normal, increase

with aging

Unchanged, decreased or
increased depending on

AT1RAO unaffected by BB
Decreased stiffness with
AT1RAO unaffected by BB

stage of HBP

M/LO media to lumen ratio, CCBO calcium channel blocker, ACEIO angiotensin converting enzyme inhibitor,
ATIRADO angiotensin type 1 receptor antagonist, BBO beta blocker, HBPO hypertension

I
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(%) Hypertension
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Fig. 4. Prevalence of structural ch-
anges (media to lumen ratio or M/
L), endothelial dysfunction (imp-
aired maximal acetycholine-indu-
ced relaxation) and LVH by ECG
in human resistance arteries from
hypertensive patients. In this group,
cardiac hypertrophy by ec-hoca-
34 rdiogram was 34%. Abnormality was
defined as greater than the mean
of normotensive subjects’ resistance
artery M/L ratio, or lower than their
mean maximal acetylcholine rel-

m+25D

axation, O 1SD or 2SD for the par-
ameter examined.5"
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Fig. 5. Schematic drawing depicting eutrophic remodeling and hypertrophic remodeling of resistance arteries in
hypertension and potential agents playing roles in determining the nature of remodeling. As hypertension progr-
esses, it is possible but unproven that eutrophic remodeling may evolve toward hypertrophic remodeling under
the combined influence of angiotensin Il endothelin-1, other growth factors, and high blood pressure. Eutrophic
remodeling is commonly seen in the experimental hypertensive rats, such as SHR, and 2-kidney 1 clip hypertensive
rats and mild human hypertension. Hypertrophic remodeling in small arteries are observed in relative severe form of
hypertension, like DOCA-salt, 1-kidney 1 clip, and Dahl salt-sensitive experimental rats and renovascular hyperte-
nsion and pheochromocytoma in human. M/L indicates media-to-lumen ratiod CSA, cross-sectional area.
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Angiotensinogen
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Ang |l

AT1 antagonist | =««s

Proliferation
Vasoconstriction

Bradykinin

Fig. 6. Pathways of angiotensin Il (Ang
II) generation and action sites of an-
giotensin-converting enzyme (ACE) in-
hibitor and angiotensin Il type 1 (ATy)
receptor antagonist. There are dual
pathways for generation of Ang Il in
human resistance arteries, mediated

= NOs by ACE and by a chymostatin-sensitive
NO enzyme, presumably chymase. AT re-
\ 4 ceptor antagonist act via blockade of
chMP Ang llinduced growth, and unblocked

AT2 may stimulate NO production, w-
hich has antigrowth and proapoptotic
effects.

Anti-proliferation
Vasodilatation
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Fig. 7. Two different techniques for
the study of human small vessel re-
modeling in vitrod one is the wire
myograph method (which is initi-
ally designed for functional studies
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of small vessels), and the other is
the pressurized artery preparation
(which is lately developed and
more physiologic), both of which
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can be followed by histological

pressure system N . .
examination of fixed vessels.
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