TABLE 49-1 Causes of Cyanosis
Central Cyanosis
Decreased arterial oxygen saturation
Decreased atmospheric pressure—high altitude
Impaired pulmonary function
  Alveolar hypoventilation
  Inhomogeneity in pulmonary ventilation and perfusion (perfusion of
hypoventilated alveoli)
   Impaired oxygen diffusion
Anatomic shunts
   Certain types of congenital heart disease
   Pulmonary arteriovenous fistulas
   Multiple small intrapulmonary shunts
Hemoglobin with low affinity for oxygen
Hemoglobin abnormalities
Methemoglobinemia—hereditary, acquired
Sulfhemoglobinemia—acquired
Carboxyhemoglobinemia (not true cyanosis)
Peripheral Cyanosis
Reduced cardiac output
Cold exposure
Redistribution of blood flow from extremities
Arterial obstruction
Venous obstruction
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Hypoxia and Cyanosis

DIFFERENTIAL DIAGNOSIS
Central Cyanosis (Table 49-1) Decreased Sao2 results from a marked
reduction in the Pao2. This reduction may be brought about by a
decline in the Fio2 without sufficient compensatory alveolar hyperventilation to maintain alveolar Po2. Cyanosis usually becomes manifest in
an ascent to an altitude of 4000 m (13,000 ft).
Seriously impaired pulmonary function, through perfusion
of unventilated or poorly ventilated areas of the lung or alveolar
hypoventilation, is a common cause of central cyanosis (Chap. 306e).

This condition may occur acutely, as in extensive pneumonia or
pulmonary edema, or chronically, with chronic pulmonary diseases
(e.g., emphysema). In the latter situation, secondary polycythemia is
generally present and clubbing of the fingers (see below) may occur.
Another cause of reduced Sao2 is shunting of systemic venous blood into
the arterial circuit. Certain forms of congenital heart disease are associated with cyanosis on this basis (see above and Chap. 282).
Pulmonary arteriovenous fistulae may be congenital or acquired,
solitary or multiple, microscopic or massive. The severity of cyanosis
produced by these fistulae depends on their size and number. They
occur with some frequency in hereditary hemorrhagic telangiectasia.
Sao2 reduction and cyanosis may also occur in some patients with
cirrhosis, presumably as a consequence of pulmonary arteriovenous
fistulae or portal vein–pulmonary vein anastomoses.
In patients with cardiac or pulmonary right-to-left shunts, the presence and severity of cyanosis depend on the size of the shunt relative
to the systemic flow as well as on the Hb-O2 saturation of the venous
blood. With increased extraction of O2 from the blood by the exercising muscles, the venous blood returning to the right side of the heart
is more unsaturated than at rest, and shunting of this blood intensifies
the cyanosis. Secondary polycythemia occurs frequently in patients in
this setting and contributes to the cyanosis.
Cyanosis can be caused by small quantities of circulating methemoglobin (Hb Fe3+) and by even smaller quantities of sulfhemoglobin
(Chap. 127); both of these hemoglobin derivatives impair oxygen
delivery to the tissues. Although they are uncommon causes of cyanosis, these abnormal hemoglobin species should be sought by spectroscopy when cyanosis is not readily explained by malfunction of the
circulatory or respiratory systems. Generally, digital clubbing does not
occur with them.

CHAPTER 49

the concentration of reduced hemoglobin in capillary blood exceeds
40 g/L (4 g/dL).
It is the absolute, rather than the relative, quantity of reduced hemoglobin that is important in producing cyanosis. Thus, in a patient with
severe anemia, the relative quantity of reduced hemoglobin in the
venous blood may be very large when considered in relation to the total
quantity of hemoglobin in the blood. However, since the concentration of the latter is markedly reduced, the absolute quantity of reduced
hemoglobin may still be low, and, therefore, patients with severe anemia and even marked arterial desaturation may not display cyanosis.
Conversely, the higher the total hemoglobin content, the greater the
tendency toward cyanosis; thus, patients with marked polycythemia
tend to be cyanotic at higher levels of Sao2 than patients with normal
hematocrit values. Likewise, local passive congestion, which causes
an increase in the total quantity of reduced hemoglobin in the vessels
in a given area, may cause cyanosis. Cyanosis is also observed when
nonfunctional hemoglobin, such as methemoglobin (consequential or
acquired) or sulfhemoglobin (Chap. 127), is present in blood.
Cyanosis may be subdivided into central and peripheral types.
In central cyanosis, the Sao2 is reduced or an abnormal hemoglobin
derivative is present, and the mucous membranes and skin are both
affected. Peripheral cyanosis is due to a slowing of blood flow and
abnormally great extraction of O2 from normally saturated arterial
blood; it results from vasoconstriction and diminished peripheral
blood flow, such as occurs in cold exposure, shock, congestive failure,
and peripheral vascular disease. Often in these conditions, the mucous
membranes of the oral cavity or those beneath the tongue may be
spared. Clinical differentiation between central and peripheral cyanosis may not always be simple, and in conditions such as cardiogenic
shock with pulmonary edema, there may be a mixture of both types.

Peripheral Cyanosis Probably the most common cause of peripheral
cyanosis is the normal vasoconstriction resulting from exposure to
cold air or water. When cardiac output is reduced, cutaneous vasoconstriction occurs as a compensatory mechanism so that blood is
diverted from the skin to more vital areas such as the CNS and heart,
and cyanosis of the extremities may result even though the arterial
blood is normally saturated.
Arterial obstruction to an extremity, as with an embolus, or arteriolar constriction, as in cold-induced vasospasm (Raynaud’s phenomenon) (Chap. 302), generally results in pallor and coldness, and there
may be associated cyanosis. Venous obstruction, as in thrombophlebitis
or deep venous thrombosis, dilates the subpapillary venous plexuses
and thereby intensifies cyanosis.

APPROACH TO THE PATIENT:
Cyanosis
Certain features are important in arriving at the cause of cyanosis:
1. 
It is important to ascertain the time of onset of cyanosis.
Cyanosis present since birth or infancy is usually due to congenital heart disease.
2. Central and peripheral cyanosis must be differentiated. Evidence
of disorders of the respiratory or cardiovascular systems is helpful. Massage or gentle warming of a cyanotic extremity will
increase peripheral blood flow and abolish peripheral, but not
central, cyanosis.
3. The presence or absence of clubbing of the digits (see below)
should be ascertained. The combination of cyanosis and clubbing is frequent in patients with congenital heart disease and
right-to-left shunting and is seen occasionally in patients with
pulmonary disease, such as lung abscess or pulmonary arteriovenous fistulae. In contrast, peripheral cyanosis or acutely
developing central cyanosis is not associated with clubbed digits.
4. Pao2 and Sao2 should be determined, and, in patients with cyanosis in whom the mechanism is obscure, spectroscopic examination of the blood should be performed to look for abnormal types
of hemoglobin (critical in the differential diagnosis of cyanosis).
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