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Hypertensive Vascular Disease

AUTONOMIC NERVOUS SYSTEM
Adrenergic reflexes modulate blood pressure over the short term, and
adrenergic function, in concert with hormonal and volume-related
factors, contributes to the long-term regulation of arterial pressure.
Norepinephrine, epinephrine, and dopamine all play important roles
in tonic and phasic cardiovascular regulation.
The activities of the adrenergic receptors are mediated by guanosine
nucleotide-binding regulatory proteins (G proteins) and by intracellular concentrations of downstream second messengers. In addition to
receptor affinity and density, physiologic responsiveness to catecholamines may be altered by the efficiency of receptor-effector coupling
at a site “distal” to receptor binding. The receptor sites are relatively
specific both for the transmitter substance and for the response that
occupancy of the receptor site elicits. Based on their physiology and
pharmacology, adrenergic receptors have been divided into two
principal types: α and β. These types have been differentiated further
into α1, α2, β1, and β2 receptors. Recent molecular cloning studies have
identified several additional subtypes. α Receptors are occupied and
activated more avidly by norepinephrine than by epinephrine, and the
reverse is true for β receptors. α1 Receptors are located on postsynaptic
cells in smooth muscle and elicit vasoconstriction. α2 Receptors are
localized on presynaptic membranes of postganglionic nerve terminals
that synthesize norepinephrine. When activated by catecholamines,
α2 receptors act as negative feedback controllers, inhibiting further
norepinephrine release. In the kidney, activation of α1-adrenergic
receptors increases renal tubular reabsorption of sodium. Different
classes of antihypertensive agents either inhibit α1 receptors or act
as agonists of α2 receptors and reduce systemic sympathetic outflow.
Activation of myocardial β1 receptors stimulates the rate and strength
of cardiac contraction and consequently increases cardiac output.
β1 Receptor activation also stimulates renin release from the kidney.
Another class of antihypertensive agents acts by inhibiting β1 receptors. Activation of β2 receptors by epinephrine relaxes vascular smooth
muscle and results in vasodilation.
Circulating catecholamine concentrations may affect the number of
adrenoreceptors in various tissues. Downregulation of receptors may
be a consequence of sustained high levels of catecholamines and provides an explanation for decreasing responsiveness, or tachyphylaxis,
to catecholamines. For example, orthostatic hypotension frequently is
observed in patients with pheochromocytoma, possibly due to the lack
of norepinephrine-induced vasoconstriction with assumption of the
upright posture. Conversely, with chronic reduction of neurotransmitter substances, adrenoreceptors may increase in number or be upregulated, resulting in increased responsiveness to the neurotransmitter.
Chronic administration of agents that block adrenergic receptors may

result in upregulation, and abrupt withdrawal of those agents may pro- 1613
duce a condition of temporary hypersensitivity to sympathetic stimuli.
For example, clonidine is an antihypertensive agent that is a centrally
acting α2 agonist that inhibits sympathetic outflow. Rebound hypertension may occur with the abrupt cessation of clonidine therapy, probably as a consequence of upregulation of α1 receptors.
Several reflexes modulate blood pressure on a minute-to-minute
basis. One arterial baroreflex is mediated by stretch-sensitive sensory
nerve endings in the carotid sinuses and the aortic arch. The rate of
firing of these baroreceptors increases with arterial pressure, and the
net effect is a decrease in sympathetic outflow, resulting in decreases
in arterial pressure and heart rate. This is a primary mechanism for
rapid buffering of acute fluctuations of arterial pressure that may occur
during postural changes, behavioral or physiologic stress, and changes
in blood volume. However, the activity of the baroreflex declines
or adapts to sustained increases in arterial pressure such that the
baroreceptors are reset to higher pressures. Patients with autonomic
neuropathy and impaired baroreflex function may have extremely
labile blood pressures with difficult-to-control episodic blood pressure
spikes associated with tachycardia.
In both normal-weight and obese individuals, hypertension often
is associated with increased sympathetic outflow. Based on recordings
of postganglionic muscle nerve activity (detected by a microelectrode inserted in a peroneal nerve in the leg), sympathetic outflow
tends to be higher in hypertensive than in normotensive individuals.
Sympathetic outflow is increased in obesity-related hypertension and
in hypertension associated with obstructive sleep apnea. Baroreceptor
activation via electrical stimulation of carotid sinus afferent nerves
lowers blood pressure in patients with “resistant” hypertension. Drugs
that block the sympathetic nervous system are potent antihypertensive
agents, indicating that the sympathetic nervous system plays a permissive, although not necessarily a causative, role in the maintenance of
increased arterial pressure.
Pheochromocytoma is the most blatant example of hypertension
related to increased catecholamine production, in this instance by
a tumor. Blood pressure can be reduced by surgical excision of the
tumor or by pharmacologic treatment with an α1 receptor antagonist
or with an inhibitor of tyrosine hydroxylase, the rate-limiting step in
catecholamine biosynthesis.

CHAPTER 298

little or no effect on blood pressure. As arterial pressure increases in
response to a high NaCl intake, urinary sodium excretion increases
and sodium balance is maintained at the expense of an increase in
arterial pressure. The mechanism for this “pressure-natriuresis” phenomenon may involve a subtle increase in the glomerular filtration
rate, decreased absorbing capacity of the renal tubules, and possibly
hormonal factors such as atrial natriuretic factor. In individuals with
an impaired capacity to excrete sodium, greater increases in arterial
pressure are required to achieve natriuresis and sodium balance.
NaCl-dependent hypertension may be a consequence of a decreased
capacity of the kidney to excrete sodium, due either to intrinsic renal
disease or to increased production of a salt-retaining hormone (mineralocorticoid) resulting in increased renal tubular reabsorption of
sodium. Renal tubular sodium reabsorption also may be augmented
by increased neural activity to the kidney. In each of these situations,
a higher arterial pressure may be required to achieve sodium balance.
Conversely, salt-wasting disorders are associated with low blood
pressure levels. ESRD is an extreme example of volume-dependent
hypertension. In ∼80% of these patients, vascular volume and hypertension can be controlled with adequate dialysis; in the other 20%, the
mechanism of hypertension is related to increased activity of the reninangiotensin system and is likely to be responsive to pharmacologic
blockade of renin-angiotensin.

RENIN-ANGIOTENSIN-ALDOSTERONE
The renin-angiotensin-aldosterone system contributes to the regulation of arterial pressure primarily via the vasoconstrictor properties
of angiotensin II and the sodium-retaining properties of aldosterone.
Renin is an aspartyl protease that is synthesized as an enzymatically
inactive precursor, prorenin. Most renin in the circulation is synthesized in the renal afferent renal arteriole. Prorenin may be secreted
directly into the circulation or may be activated within secretory
cells and released as active renin. Although human plasma contains
two to five times more prorenin than renin, there is no evidence that
prorenin contributes to the physiologic activity of this system. There
are three primary stimuli for renin secretion: (1) decreased NaCl transport in the distal portion of the thick ascending limb of the loop of
Henle that abuts the corresponding afferent arteriole (macula densa),
(2) decreased pressure or stretch within the renal afferent arteriole
(baroreceptor mechanism), and (3) sympathetic nervous system stimulation of renin-secreting cells via β1 adrenoreceptors. Conversely, renin
secretion is inhibited by increased NaCl transport in the thick ascending limb of the loop of Henle, by increased stretch within the renal
afferent arteriole, and by β1 receptor blockade. In addition, angiotensin
II directly inhibits renin secretion due to angiotensin II type 1 receptors on juxtaglomerular cells, and renin secretion increases in response
to pharmacologic blockade of either ACE or angiotensin II receptors.
Once released into the circulation, active renin cleaves a substrate,
angiotensinogen, to form an inactive decapeptide, angiotensin I
(Fig. 298-2). A converting enzyme, located primarily but not exclusively in the pulmonary circulation, converts angiotensin I to the
active octapeptide, angiotensin II, by releasing the C-terminal histidylleucine dipeptide. The same converting enzyme cleaves a number
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