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inspiring 100% O2 for several minutes. A third cause of respiratory
hypoxia is shunting of blood across the lung from the pulmonary arterial to the venous bed (intrapulmonary right-to-left shunting) by perfusion of nonventilated portions of the lung, as in pulmonary atelectasis
or through pulmonary arteriovenous connections. The low Pao2 in this
situation is only partially corrected by an Fio2 of 100%.

PART 2

Hypoxia Secondary to High Altitude As one ascends rapidly to 3000 m
(~10,000 ft), the reduction of the O2 content of inspired air (Fio2)
leads to a decrease in alveolar Po2 to approximately 60 mmHg, and a
condition termed high-altitude illness develops (see above). At higher
altitudes, arterial saturation declines rapidly and symptoms become
more serious; and at 5000 m, unacclimated individuals usually cease
to be able to function normally owing to the changes in CNS function
described above.

Cardinal Manifestations and Presentation of Diseases

Hypoxia Secondary to Right-to-Left Extrapulmonary Shunting From a
physiologic viewpoint, this cause of hypoxia resembles intrapulmonary right-to-left shunting but is caused by congenital cardiac malformations, such as tetralogy of Fallot, transposition of the great arteries,
and Eisenmenger’s syndrome (Chap. 282). As in pulmonary right-toleft shunting, the Pao2 cannot be restored to normal with inspiration
of 100% O2.
Anemic Hypoxia A reduction in hemoglobin concentration of the
blood is accompanied by a corresponding decline in the O2-carrying
capacity of the blood. Although the Pao2 is normal in anemic hypoxia,
the absolute quantity of O2 transported per unit volume of blood is
diminished. As the anemic blood passes through the capillaries and the
usual quantity of O2 is removed from it, the Po2 and saturation in the
venous blood decline to a greater extent than normal.
Carbon Monoxide (CO) Intoxication (See also Chap. 472e) Hemoglobin
that binds with CO (carboxy-hemoglobin, COHb) is unavailable for
O2 transport. In addition, the presence of COHb shifts the Hb-O2 dissociation curve to the left (see Fig. 127-2) so that O2 is unloaded only
at lower tensions, further contributing to tissue hypoxia.
Circulatory Hypoxia As in anemic hypoxia, the Pao2 is usually normal,
but venous and tissue Po2 values are reduced as a consequence of
reduced tissue perfusion and greater tissue O2 extraction. This pathophysiology leads to an increased arterial-mixed venous O2 difference
(a-v-O2 difference), or gradient. Generalized circulatory hypoxia occurs
in heart failure (Chap. 279) and in most forms of shock (Chap. 324).
Specific Organ Hypoxia Localized circulatory hypoxia may occur as a
result of decreased perfusion secondary to arterial obstruction, as in
localized atherosclerosis in any vascular bed, or as a consequence of
vasoconstriction, as observed in Raynaud’s phenomenon (Chap. 302).
Localized hypoxia may also result from venous obstruction and the
resultant expansion of interstitial fluid causing arteriolar compression
and, thereby, reduction of arterial inflow. Edema, which increases the
distance through which O2 must diffuse before it reaches cells, can also
cause localized hypoxia. In an attempt to maintain adequate perfusion
to more vital organs in patients with reduced cardiac output secondary
to heart failure or hypovolemic shock, vasoconstriction may reduce
perfusion in the limbs and skin, causing hypoxia of these regions.
Increased O2 Requirements If the O2 consumption of tissues is elevated
without a corresponding increase in perfusion, tissue hypoxia ensues
and the Po2 in venous blood declines. Ordinarily, the clinical picture
of patients with hypoxia due to an elevated metabolic rate, as in fever
or thyrotoxicosis, is quite different from that in other types of hypoxia:
the skin is warm and flushed owing to increased cutaneous blood flow
that dissipates the excessive heat produced, and cyanosis is usually
absent.
Exercise is a classic example of increased tissue O2 requirements.
These increased demands are normally met by several mechanisms
operating simultaneously: (1) increase in the cardiac output and ventilation and, thus, O2 delivery to the tissues; (2) a preferential shift in
blood flow to the exercising muscles by changing vascular resistances
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in the circulatory beds of exercising tissues, directly and/or reflexly;
(3) an increase in O2 extraction from the delivered blood and a widening of the arteriovenous O2 difference; and (4) a reduction in the pH
of the tissues and capillary blood, shifting the Hb-O2 curve to the right
(see Fig. 127-2), and unloading more O2 from hemoglobin. If the
capacity of these mechanisms is exceeded, then hypoxia, especially of
the exercising muscles, will result.
Improper Oxygen Utilization Cyanide (Chap. 473e) and several other
similarly acting poisons cause cellular hypoxia. The tissues are unable
to use O2, and, as a consequence, the venous blood tends to have a high
O2 tension. This condition has been termed histotoxic hypoxia.
ADAPTATION TO HYPOXIA
An important component of the respiratory response to hypoxia originates in special chemosensitive cells in the carotid and aortic bodies
and in the respiratory center in the brainstem. The stimulation of these
cells by hypoxia increases ventilation, with a loss of CO2, and can lead
to respiratory alkalosis. When combined with the metabolic acidosis
resulting from the production of lactic acid, the serum bicarbonate
level declines (Chap. 66).
With the reduction of Pao2, cerebrovascular resistance decreases
and cerebral blood flow increases in an attempt to maintain O2 delivery
to the brain. However, when the reduction of Pao2 is accompanied by
hyperventilation and a reduction of Paco2, cerebrovascular resistance
rises, cerebral blood flow falls, and tissue hypoxia intensifies.
The diffuse, systemic vasodilation that occurs in generalized hypoxia
increases the cardiac output. In patients with underlying heart disease,
the requirements of peripheral tissues for an increase of cardiac output
with hypoxia may precipitate congestive heart failure. In patients with
ischemic heart disease, a reduced Pao2 may intensify myocardial ischemia and further impair left ventricular function.
One of the important compensatory mechanisms for chronic
hypoxia is an increase in the hemoglobin concentration and in the
number of red blood cells in the circulating blood, i.e., the development of polycythemia secondary to erythropoietin production
(Chap. 131). In persons with chronic hypoxemia secondary to prolonged residence at a high altitude (>13,000 ft, 4200 m), a condition
termed chronic mountain sickness develops. This disorder is characterized by a blunted respiratory drive, reduced ventilation, erythrocytosis, cyanosis, weakness, right ventricular enlargement secondary
to pulmonary hypertension, and even stupor.

CYANOSIS
Cyanosis refers to a bluish color of the skin and mucous membranes
resulting from an increased quantity of reduced hemoglobin (i.e.,
deoxygenated hemoglobin) or of hemoglobin derivatives (e.g., methemoglobin or sulfhemoglobin) in the small blood vessels of those
tissues. It is usually most marked in the lips, nail beds, ears, and malar
eminences. Cyanosis, especially if developed recently, is more commonly detected by a family member than the patient. The florid skin
characteristic of polycythemia vera (Chap. 131) must be distinguished
from the true cyanosis discussed here. A cherry-colored flush, rather
than cyanosis, is caused by COHb (Chap. 473e).
The degree of cyanosis is modified by the color of the cutaneous
pigment and the thickness of the skin, as well as by the state of the
cutaneous capillaries. The accurate clinical detection of the presence
and degree of cyanosis is difficult, as proved by oximetric studies. In
some instances, central cyanosis can be detected reliably when the
Sao2 has fallen to 85%; in others, particularly in dark-skinned persons,
it may not be detected until it has declined to 75%. In the latter case,
examination of the mucous membranes in the oral cavity and the conjunctivae rather than examination of the skin is more helpful in the
detection of cyanosis.
The increase in the quantity of reduced hemoglobin in the mucocutaneous vessels that produces cyanosis may be brought about either by
an increase in the quantity of venous blood as a result of dilation of the
venules (including precapillary venules) or by a reduction in the Sao2
in the capillary blood. In general, cyanosis becomes apparent when
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