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Findings point to possible new treatment approach.
UCLA researchers have reported the first evidence that obstructive sleep
apnea contributes to a breakdown of the blood–brain barrier, which plays
an important role in protecting brain tissue.
The discovery, reported in the Sept. 1 issue of the Journal of
Neuroimaging, could lead to new approaches for treating obstructive sleep
apnea, which affects an estimated 22 million American adults. The
disorder causes frequent interruptions in breathing during sleep because
the airways narrow or become blocked.
The blood–brain barrier limits harmful bacteria, infections and chemicals
from reaching the brain; studies have found that compromised blood-brain
barrier function is associated with significant brain damage in stroke,
epilepsy, meningitis, multiple sclerosis, Alzheimer’s disease and other
conditions.
“We found that the blood–brain barrier becomes more permeable in
obstructive sleep apnea, a breakdown that could contribute to brain injury,
as well as potentially enhancing or accelerating the damage,” said Rajesh
Kumar, the study’s principal investigator and an associate professor in the
departments of anesthesiology and radiological sciences at the UCLA
Geffen School of Medicine.
“This type of brain injury in obstructive sleep apnea has significant
consequences to memory, mood and cardiovascular risk, but physicians
and researchers have developed pharmacologic and non-pharmacologic
therapeutic strategies to repair blood–brain barrier function in other
conditions,” he said.

Thanks to research conducted at UCLA over the past 12 years, experts have
known that the gasping during the night that characterizes obstructive
sleep apnea can damage the brain in ways that lead to high blood pressure,
depression, memory loss and anxiety. It also can cause extreme daytime
sleepiness, thanks to the constant nighttime interruptions, and can lead to
stroke, diabetes, and loss of testosterone and endocrine-related problems.
The damage to the brain likely stems in part from the reduction of oxygen
to the body as a result of the repeated breathing interruptions. But doctors
do not yet fully understand exactly what causes the brain injury and how it
progresses. While previous studies have found that reduced exposure to
oxygen and high blood pressure can affect the blood–brain barrier, which
in turn can introduce or enhance brain tissue injury, Kumar and his
colleagues are the first to show that this breakdown occurs in obstructive
sleep apnea.
The finding was made possible by a magnetic resonance imaging
procedure that is used by only a handful of research teams in the world.
The noninvasive procedure uses the brain’s own blood and fluids to
measure the breakdown of the blood–brain barrier.

Brains with obstructive sleep apnea (left) and without. Credit: Rajesh Kuma.

In the new study, the authors found that in patients who had recently been
diagnosed with obstructive sleep apnea and not yet treated, the
permeability of the blood–brain barrier was significantly higher than it was
in healthy people.
“This suggests that besides improving breathing in obstructive sleep apnea
patients, we need to repair or improve blood–brain barrier function,

perhaps by using treatments already available for other conditions,” said
Kumar, who is also a member of the UCLA Brain Research Institute and
holds a faculty appointment in UCLA’s department of bioengineering.
Kumar noted that the study was small — nine people with obstructive sleep
apnea were compared to nine healthy controls. Now, in addition to
confirming these findings in a larger population of obstructive sleep apnea
patients, the researchers are planning to study whether strategies known to
be effective in overcoming blood–brain barrier breakdown in people who
have had a stroke and other neurological conditions can also help
minimize brain injury in people with obstructive sleep apnea or other longstanding respiratory problems.
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Abstract
Water Exchange across the Blood-Brain Barrier in Obstructive

Sleep Apnea: An MRI Diffusion-Weighted Pseudo-Continuous
Arterial Spin Labeling Study
BACKGROUND AND PURPOSE
Obstructive sleep apnea (OSA) subjects show brain injury in sites that
control autonomic, cognitive, and mood functions that are deficient in the
condition. The processes contributing to injury may include altered bloodbrain barrier (BBB) actions. Our aim was to examine BBB function, based
on diffusion-weighted pseudo-continuous arterial spin labeling (DWpCASL) procedures, in OSA compared to controls.
METHODS
We performed DW-pCASL imaging in nine OSA and nine controls on a
3.0-Tesla MRI scanner. Global mean gray and white matter arterial
transient time (ATT, an index of large artery integrity), water exchange
rate across the BBB (Kw, BBB function), DW-pCASL ratio, and cerebral
blood flow (CBF) values were compared between OSA and control subjects.
RESULTS
Global mean gray and white matter ATT (OSA vs. controls; gray matter,
1.691 ± .120 vs. 1.658 ± .109 second, P = .49; white matter, 1.700 ± .115 vs.
1.650 ± .114 second, P = .44), and CBF values (gray matter, 57.4 ± 15.8 vs.
58.2 ± 10.7 ml/100 g/min, P = .67; white matter, 24.2 ± 7.0 vs. 24.6 ± 6.7
ml/100 g/min, P = .91) did not differ significantly, but global gray and
white matter Kw (gray matter, 158.0 ± 28.9 vs. 220.8 ± 40.6 min−1, P =
.002; white matter, 177.5 ± 57.2 vs. 261.1 ± 51.0 min−1, P = .006), and
DW-pCASL ratio (gray matter, .727 ± .076 vs. .823 ± .069, P = .011; white
matter, .722 ± .144 vs. .888 ± .100, P = .004) values were significantly
reduced in OSA over controls.
CONCLUSIONS
OSA subjects show compromised BBB function, but intact large artery
integrity. The BBB alterations may introduce neural damage contributing
to abnormal functions in OSA, and suggest a need to repair BBB function
with strategies commonly used in other fields.
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