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To the Editor,

On November 1 2022, on the Food and Drug Adminis-
tration (FDA) virtual public meeting of the Center for
Devices and Radiological Health (CDRH), the Anesthe-
siology and Respiratory Therapy Devices Panel of the
Medical Devices Advisory Committee discussed several
recent studies reporting pulse oximeters to provide less
accurate readings in the case of people with darker skin
pigmentations [1]. This problem, which was first raised
32 years ago, has not been solved until today. The above-
mentioned panel of external FDA experts discussed all
the factors that may affect the accuracy and performance
of pulse oximeters, the available evidence about the
accuracy of them, the recommendations for health care
providers and patients and the type of data that should
be provided by manufacturers to assess the accuracy
of pulse oximeter as well as to guide other regulatory
actions as needed. Once collected all the opinions and
the recommendations of the experts, the FDA panel will
provide information how to improve the assessment of
pulse oximeters to ensure the best accuracy for all skin
pigmentations, and whether pulse oximeters should be
labeled with warnings about their limitations. The clini-
cal findings of the past 3 years provide an obligation
for developing and validating pulse oximeters without
dependence on the subject’s skin melanosome; subjects
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with darker skin tones have significantly larger and more
concentrated melanosomes that increase the absorp-
tion cross section of melanin resulting in enhanced light
absorption.

Therefore, any medical equipment that leverages near-
infrared light interacting with the skin should not show
discordance in its performance across people with differ-
ent skin tones.

We think the problem with pulse oximeters is also rel-
evant for other type of noninvasive optical oximeters.
The noninvasive estimation of cerebrovascular blood
oxygen saturation (mostly by a sensor attached to the
forehead) by near-infrared spectroscopy (NIRS)-based
cerebral oximetry equipment has been increasingly used
in many clinical areas such as (1) cardiac, vascular and
thoracic surgery for detecting cerebral hypoxia—ischemia
as well as developing interventions to avoid and improve
hypoxic brain injury and (2) intensive care for monitor-
ing and modifying brain oxygenation in patients at risk
of hypoxic ischemic brain injury after cardiac arrest [2]
as well as for monitoring the early effects of ventilatory
rescue therapies on brain oxygenation in mechanically
ventilated COVID-19 patients with acute respiratory dis-
tress syndrome [3]. NIRS-based cerebral oximeters, first
described more than 40 years ago, measure cerebrovas-
cular oxygen saturation (StO,) of the hemoglobin present
primarily in small vessels (<1 mm in diameter) such as
the capillary, arteriolar and venular bed of the cerebral
cortex. Already in 2005, Wassenaar et al. [4] highlighted
that, in patients with a dark pigmented skin, StO, should
be interpreted with caution, as melanin clearly interferes
with the quality of the reflected NIRS signal. In modern
cerebral oximeters, wavelengths have been added to ena-
ble a more precise determination of hemoglobin and to
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be less sensitive to skin pigmentation. Very recently, the
robustness of two commercial NIRS-based cerebral oxi-
meters (using four or five wavelengths) to variations in
skin pigmentation was evaluated using a tissue-simulat-
ing phantom; unexpectedly increasing melanin content
decreased saturation values displayed by both devices [5].
The effect of skin pigmentation was particularly inflicted
when using a neonatal sensor. Besides the skin pigmenta-
tion, ethnic/racial differences in skin anatomy should be
considered too as an additional cause of bias in optical
oximetry.

Considering the extensive clinical use of cerebral oxi-
metry, we strongly suggest that the FDA and the other
regulatory bodies should deliberate also how to improve
NIRS-based cerebral oximeters to best ensure accuracy
for all skin pigmentations and eventually recommend
labeling them with warnings about their limitations.
Furthermore, we urge manufacturers producing optical
cerebral oximeters to validate their devices and sensors
regarding their robustness against skin pigmentations of
different strength.
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