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Figure 298-2 Renin-angiotensin-aldosterone axis. ACE, angiotensinconverting enzyme.
of other peptides, including and thereby inactivating the vasodilator
bradykinin. Acting primarily through angiotensin II type 1 (AT1)
receptors on cell membranes, angiotensin II is a potent pressor substance, the primary tropic factor for the secretion of aldosterone by
the adrenal zona glomerulosa, and a potent mitogen that stimulates
vascular smooth muscle cell and myocyte growth. Independent of its
hemodynamic effects, angiotensin II may play a role in the pathogenesis of atherosclerosis through a direct cellular action on the vessel wall.
The angiotensin II type 2 (AT2) receptor has the opposite functional
effects of the AT1 receptor. The AT2 receptor induces vasodilation,
sodium excretion, and inhibition of cell growth and matrix formation. Experimental evidence suggests that the AT2 receptor improves
vascular remodeling by stimulating smooth muscle cell apoptosis and
contributes to the regulation of glomerular filtration rate. AT1 receptor
blockade induces an increase in AT2 receptor activity.
Renin-secreting tumors are clear examples of renin-dependent hypertension. In the kidney, these tumors include benign hemangiopericytomas of the juxtaglomerular apparatus and, infrequently, renal carcinomas, including Wilms’ tumors. Renin-producing carcinomas also have
been described in lung, liver, pancreas, colon, and adrenals. In these
instances, in addition to excision and/or ablation of the tumor, treatment
of hypertension includes pharmacologic therapies targeted to inhibit
angiotensin II production or action. Renovascular hypertension is
another renin-mediated form of hypertension. Obstruction of the renal
artery leads to decreased renal perfusion pressure, thereby stimulating
renin secretion. Over time, possibly as a consequence of secondary renal
damage, this form of hypertension may become less renin dependent.
Angiotensinogen, renin, and angiotensin II are also synthesized
locally in many tissues, including the brain, pituitary, aorta, arteries,
heart, adrenal glands, kidneys, adipocytes, leukocytes, ovaries, testes,
uterus, spleen, and skin. Angiotensin II in tissues may be formed by the
enzymatic activity of renin or by other proteases, e.g., tonin, chymase,
and cathepsins. In addition to regulating local blood flow, tissue angiotensin II is a mitogen that stimulates growth and contributes to modeling and repair. Excess tissue angiotensin II may contribute to atherosclerosis, cardiac hypertrophy, and renal failure and consequently may
be a target for pharmacologic therapy to prevent target organ damage.
Angiotensin II is the primary tropic factor regulating the synthesis
and secretion of aldosterone by the zona glomerulosa of the adrenal
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cortex. Aldosterone synthesis is also dependent on potassium, and
aldosterone secretion may be decreased in potassium-depleted individuals. Although acute elevations of adrenocorticotropic hormone
(ACTH) levels also increase aldosterone secretion, ACTH is not an
important tropic factor for the chronic regulation of aldosterone.
Aldosterone is a potent mineralocorticoid that increases sodium
reabsorption by amiloride-sensitive epithelial sodium channels (ENaC)
on the apical surface of the principal cells of the renal cortical collecting duct (Chap. 332e). Electric neutrality is maintained by exchanging
sodium for potassium and hydrogen ions. Consequently, increased
aldosterone secretion may result in hypokalemia and alkalosis.
Cortisol also binds to the mineralocorticoid receptor but normally
functions as a less potent mineralocorticoid than aldosterone because
cortisol is converted to cortisone by the enzyme 11 β-hydroxysteroid
dehydrogenase type 2. Cortisone has no affinity for the mineralocorticoid receptor. Primary aldosteronism is a compelling example of
mineralocorticoid-mediated hypertension. In this disorder, adrenal
aldosterone synthesis and release are independent of renin-angiotensin, and renin release is suppressed by the resulting volume expansion.
Mineralocorticoid receptors are expressed in a number of tissues
in addition to the kidney, and mineralocorticoid receptor activation
induces structural and functional alterations in the heart, kidney, and
blood vessels, leading to myocardial fibrosis, nephrosclerosis, and
vascular inflammation and remodeling, perhaps as a consequence of
oxidative stress. These effects are amplified by a high salt intake. In
animal models, high circulating aldosterone levels stimulate cardiac
fibrosis and left ventricular hypertrophy, and spironolactone (an aldosterone antagonist) prevents aldosterone-induced myocardial fibrosis.
Pathologic patterns of left ventricular geometry also have been associated with elevations of plasma aldosterone concentration in hypertensive patients. In patients with CHF, low-dose spironolactone reduces
the risk of progressive heart failure and sudden death from cardiac
causes by 30%. Due to a renal hemodynamic effect, in patients with
primary aldosteronism, high circulating levels of aldosterone also may
cause glomerular hyperfiltration and albuminuria. These renal effects
are reversible after removal of the effects of excess aldosterone by adrenalectomy or spironolactone.
Increased activity of the renin-angiotensin-aldosterone axis is not
invariably associated with hypertension. In response to a low-NaCl
diet or to volume contraction, arterial pressure and volume homeostasis may be maintained by increased activity of the renin-angiotensinaldosterone axis. Secondary aldosteronism (i.e., increased aldosterone
secondary to increased renin-angiotensin), but not hypertension, also
is observed in edematous states such as CHF and liver disease.
VASCULAR MECHANISMS
Vascular radius and compliance of resistance arteries are important
determinants of arterial pressure. Resistance to flow varies inversely
with the fourth power of the radius, and consequently, small decreases
in lumen size significantly increase resistance. In hypertensive patients,
structural, mechanical, or functional changes may reduce the lumen
diameter of small arteries and arterioles. Remodeling refers to geometric alterations in the vessel wall without a change in vessel volume.
Hypertrophic (increased cell size, and increased deposition of intercellular matrix) or eutrophic vascular remodeling results in decreased
lumen size and, hence, increased peripheral resistance. Apoptosis,
low-grade inflammation, and vascular fibrosis also contribute to
remodeling. Lumen diameter also is related to elasticity of the vessel.
Vessels with a high degree of elasticity can accommodate an increase of
volume with relatively little change in pressure, whereas in a semirigid
vascular system, a small increment in volume induces a relatively large
increment of pressure.
Hypertensive patients may have stiffer arteries due to arteriosclerosis, and high systolic blood pressures and wide pulse pressures
are a consequence of decreased vascular compliance. Due to arterial
stiffness, central blood pressures (aortic, carotid) may not correspond
to brachial artery pressures. Ejection of blood into the aorta elicits
a pressure wave that is propagated at a given velocity. The forward
travelling wave generates a reflected wave that travels backward toward
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