UC Irvine
UC Irvine Previously Published Works

Title

Obstructive sleep apnea: Evaluation of brain oxygenation and hemodynamics by near-
infrared spectroscopy

Permalink

https://escholarship.org/uc/item/7871v8t9

Authors
Michalos, A
Safonova, LP
Wolf, U

Publication Date
2002

Copyright Information

This work is made available under the terms of a Creative Commons Attribution License,
availalbe at https://creativecommons.org/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7871v8t9
https://escholarship.org/uc/item/7871v8t9#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

)
Z
5
|_
<
zZ
L
)
L
x
o
nd
LL
|_
(90}
@)
o

SLEEP, Vol. 25, Abstract Supplement 2002

A390 American Academy of Sleep Medicine

547.R

OBSTRUCTIVE SLEEP APNEA: EVALUATION OF
BRAIN OXYGENATION AND HEMODYNAMICS BY
NEAR-INFRARED SPECTROSCOPY

Michalos A,L2 Safonova LP12 Wolf U,t Wolf M,* Choi JH,*
Gupta R, Mantulin WW,! Hueber DM, Barbieri B2 Gratton E
(1) Laboratory for Fluorescence Dynamics, Department of
Physics, University of Illinois at Urbana-Champaign, (2) ISS,
Inc. Champaign, Illinois,

Introduction: Obstructive sleep apnea (OSA) is a potentially
lethal disease, which leads to hypoxia and hypoxemia. Chron-
ic, recurrent hypoxia during sleep may cause brain injury.
Neuropsychological and cognitive deficits, as well as cere-
brovascular accidents, including fatal strokes are not uncom-
mon (1). Conventional polysomnography does not provide
information on brain oxygenation, an important parameter in
subjects with preexisting cardiovascular pathology. Near-
infrared spectroscopy (NIRS), a safe, non-invasive, portable,
bedside method, provides real-time transcranial measurements
of changes in cerebral oxygenation and hemodynamics. These
characteristics make NIRS the ideal tool to study physiologi-
cal and pathological processes of the brain, in research and
clinical settings (2).

Methods: Thirteen males and eight females (age 22-74 years)
participated in the study. Eight were OSA sufferers. Thirteen
individuals constituted the control group. One control subject
had family history OSA. All OSA subjects and six controls
were snorers. Two OSA subjects had severe hypertension and
asthma. Arterial blood oxygen saturation (SaO2) and heart rate
(HR) were monitored via pulse oximetry, and the breathing
rate with a respiratory strain gauge. The NIRS parameters,
such as oxy- (O2Hb), deoxy- (HHb), and total hemoglobin
(tHb) concentrations, as well as tissue hemoglobin oxygen sat-
uration (SO2) were monitored by a frequency-domain tissue
oximeter (OxiplexTS, ISS Inc., Champaign, IL).

Figure 1
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Results: We applied NIRS during voluntary breath holding
and during daytime napping. Observed changes in SaO2 and



SO2 were significantly smaller (p<0.025) for controls during
breath holding than those in SaO2 and SO2 recorded in the
OSA group during breath holding and spontaneous sleep
apnea events (Fig. 1). Higher levels of arterial and brain
deoxygenation were observed for OSA subjects during nap-
ping. Different dynamics of O2Hb, HHb, and tHb concentra-
tions and SO2 were detected for control and OSA groups dur-
ing voluntary hypoxia. We observed that the response to sim-
ple breath holding exercises, registered by NIRS, is sufficient
to discriminate OSA subjects from healthy controls. The
amplitude of the hemodynamic response to hypoxia was sig-
nificantly larger than the amplitude of the baseline fluctuations
in both control and OSA groups (Fig. 2). This response was
altered in OSA subjects with a cardiovascular medical history
(Fig. 2b).

Figure 2.

Typical time course of oxy- and decxy-hemoglobin concentrations
in brain tissue: a) in eight control subjects,
by in eight OSA subjects
Dashed lines characterize the range of changes in [O2Hb] and [HHE]
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Conclusions: From these measurements we can assume that,
in healthy individuals with obstructive sleep apnea, there is a
protective cerebrovascular response to hypoxia which is like-
ly to prevent eventual brain injury during apnea. In subjects
with preexistent cardiovascular pathology, this protective
mechanism may be defective. An adequate response may not
fulfill the oxygen demands of the brain. Thus, the recurrent
hypoxic insult, during sleep, may contribute to the risk for
cerebrovascular morbidity. NIRS may be a valuable tool for
early detection of cerebral hemodynamic abnormalities in
obstructive sleep apnea. Quantitative measurements of oxy-
genation by NIRS may complement polysomnography for the
prevention of hypoxic damage.
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