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C H A P T E R 11 Blood Vessels

Blood Pressure Regulation

Table 11-1 Types and Causes of Hypertension (Systolic and Diastolic)

Essential hypertension
Accounts for 90% to 95% of all cases

Secondary hypertension
Renal
Acute glomerulonephritis
Chronic renal disease
Polycystic disease
Renal artery stenosis
Renal vasculitis
Renin-producing tumors

Endocrine
Adrenocortical hyperfunction (Cushing syndrome, primary aldosteronism,
congenital adrenal hyperplasia, licorice ingestion)
Exogenous hormones (glucocorticoids, estrogen [including pregnancy-induced
and oral contraceptives], sympathomimetics and tyramine-containing
foods, monoamine oxidase inhibitors)
Pheochromocytoma
Acromegaly
Hypothyroidism (myxedema)
Hyperthyroidism (thyrotoxicosis)
Pregnancy-induced

Cardiovascular
Coarctation of aorta
Polyarteritis nodosa
Increased intravascular volume
Increased cardiac output
Rigidity of the aorta

Neurologic
Psychogenic
Increased intracranial pressure
Sleep apnea
Acute stress, including surgery

renal failure, and retinal hemorrhages and exudates, with
or without papilledema. It can develop in previously normotensive persons but more often is superimposed on preexisting “benign” hypertension.
This section briefly outlines normal blood pressure
homeostasis, followed by a discussion of pathogenic mechanisms that underlie hypertension and a description of
hypertension-associated pathologic changes in vessels.
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Blood pressure is a function of cardiac output and
peripheral vascular resistance, both of which are influenced by multiple genetic and environmental factors
(Fig. 11-4). The integration of the various inputs ensures
adequate systemic perfusion, despite differences in regional
demand.
• Cardiac output is a function of stroke volume and heart
rate. The most important determinant of stroke volume
is the filling pressure, which is regulated through
sodium homeostasis and its effect on blood volume.
Heart rate and myocardial contractility (a second factor
affecting stroke volume) are both regulated by the αand β-adrenergic systems, which also have important
effects on vascular tone.
• Peripheral resistance is regulated predominantly at the
level of the arterioles by neural and hormonal inputs.
Vascular tone reflects a balance between vasocon
strictors (including angiotensin II, catecholamines, and
endothelin) and vasodilators (including kinins, pro
staglandins, and nitric oxide). Resistance vessels also
exhibit autoregulation, whereby increased blood flow
induces vasoconstriction to protect tissues against
hyperperfusion. Finally, blood pressure is fine-tuned by
tissue pH and hypoxia to accommodate local metabolic
demands.
Factors released from the kidneys, adrenals, and myocardium interact to influence vascular tone and to regulate
blood volume by adjusting sodium balance (Fig. 11-5). The
kidneys filter 170 L of plasma containing 23 moles of salt
daily. Thus, with a typical daily diet containing 100 mEq
of sodium, 99.5% of the filtered salt must be reabsorbed
to maintain total body sodium levels. About 98% of the
filtered sodium is reabsorbed by constitutively active
sodium transporters. The small amount of remaining
sodium is subject to resorption by the epithelial sodium
channel (ENaC), which is tightly regulated by the reninangiotensin system; it is this pathway that determines net
sodium balance.
The kidneys and heart contain cells that sense changes
in blood pressure or volume. In response, these cells
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Figure 11-4 Blood pressure regulation. Diverse influences on cardiac output (e.g., blood volume and myocardial contractility) and peripheral resistance (neural,
humoral, and local effectors) impact the output blood pressure.
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