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Detecting Cyanosis in Children

To the Editor:—The effect of the hemoglobin concen-
tration on the ability to detect cyanosis was not men-
tioned by Coté et al.! in their article describing the effi-
cacy of pulse oximetry in children. In that study, the
majority of clinicians failed to detect cyanosis before it
was detected by the pulse oximeter.

Detection of cyanosis depends on the absolute, rather
than the relative, amount of reduced hemoglobin. Cya-
nosis becomes apparent when the mean capillary con-
centration of reduced hemoglobin exceeds 5 g/dl.
Thus, in a patient with a hemoglobin concentration of
10 g/dl, there would have to be 50% reduced hemoglo-
bin for the detection of cyanosis, whereas a patient with
a hemoglobin concentration of 15 g/dl would have
33% reduced hemoglobin (oxygen saturation of 67%)
before cyanosis could be detected.

Although Coté et al. do not list the hemoglobin con-
centrations of the children in the study, it is likely that
they ranged from 10-15 g/dl. Therefore, it is not sur-
prising that the clinicians participating in the study were
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In Reply.—Dr. Johnson’s comments regarding hemo-
globin concentration, oxygen saturation, and detection
of cyanosis are appreciated and technically correct, but
miss the point. Our study demonstrated the efficacy of a
new technology (pulse oximetry) in diagnosing arterial
desaturation prior to the late signs of desaturation (cya-
nosis and bradycardia). The early studies of cyanosis
versus hemoglobin saturation found that 4-6 g/dl of
desaturated hemoglobin are required to produce cya-
nosis. The amount of circulating hemoglobin is the
major determinant of visible cyanosis, i.e., one needs to
have a hemoglobin above 5 g/dl.'=* There is no ques-
tion, therefore, that the pulse oximeter is far superior
and much more reliable than the human eye and, as Dr.
Johnson correctly points out, able to detect desatura-
tion prior to clinically apparent cyanosis.

The clinical ability to diagnose cyanosis is also modi-
fied by many factors, including thickness of the epi-

not able to detect cyanosis with the levels of oxygen
saturation described.

Fortunately, except for atelectasis, the cited causes
for the arterial oxygen desaturation (airway obstruc-
tion, laryngospasm, hypoventilation, and endobron-
chial intubation) are all likely to be detected by an astute
clinician before hemoglobin oxygen saturation reaches
the low levels needed to produce detectable cyanosis.
The pulse oximeter, as proven by the study, isan invalu-
able adjunct to the skills of the clinician.
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dermis, skin pigment, and pigment associated with
jaundice or Addison’s disease.'”® Additionally, it has
been well established that other factors, including light-
ing conditions and variability among individual ob-
servers, affect clinical diagnosis of cyanosis.6 Indeed,
Comroe and ‘Botelho, in a large, well-controlled study,
found that ‘“‘visual impressions of cyanosis are unreli-
able. Serious grades of arterial anoxemia may be unrec-
ognized by many physicians.”®

We did not report hemoglobin concentration because
we did not regard it as a contributory factor; serious
life-threatening desaturation was diagnosed sooner by
oximetry than by the clinician on 17 occasions. The
hemoglobin values in these children ranged from 10 to
20 g/dl. In eight patients, cyanosis was not diagnosed,
despite oxygen saturations ranging from 44% to non-
recordable. Several of these events occurred in new-
born infants with hemoglobin values between 16 and 20
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