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A Proposed Mechanism of 
Neuronal Injury in Pilots & 

Aircrew Personnel with 
Hypobaric Exposure 

Michael Hossack, MD1; John H Sladky, MD1; 

Stephen A McGuire, Mo1.2 
1Department of Neurology, 59th Medical Wing , Joint Base San Antonio - Lackland , TX 

2U.S. Air Force School of Aerospace Medicine, Aeromedical Research Department, 

Wright-Patterson AFB, OH 
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\I The views expressed are those of the authors and do not 

necessarily reflect the official policy or position of the Air 

Force, the Department of Defense, or the U.S. Government. 

\I Research is sponsored by USAF/SG, 711 HPW, 59MDW, and 

JPC-5. 
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\J Background: U-2 Pilots & White .r: 
Matter Hyperintensities (WMH) ... ",·" ••• • 

• U-2 pilots display an increased incidence of white-matter 

hyperintensities (WMH) on MRI compared to healthy age-matched 

controls (non-pilots) 

• U-2 pilots demonstrate 
reduced neurocognitive 
performance associated with 
burden of WMH 

• WMH are a marker of cerebral 
integrity and associated with 
cognitive decline 

~FRL 
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Background: Aircrew & WMH 

... 
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• Similar findings of increased WMH have been replicated in aircrew 

personnel with non-hypoxic hypobaric exposure via altitude chamber 

training 

• Aircrew personnel undergo training per standard USAF procedure in 

altitude chambers that simulate conditions at 25,000 feet 

• Sessions are 30 minutes long 
and 100°/o oxygen is provided 
continuously via chamber 
masks 

• Occupational exposure to 
non-hypoxic, hypobaric 
conditions is associated with 
the number of sub-cortical 
WMHs 

USAF photo by Joel M artinez. 

F RL 
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\I Goals of Ongoing Studies 
••• • 

• What is the mechanism of WMH formation in non-hypoxic 

hypobaria? 

- Microemboli, breakdown of BBB, neuroinflammation? 

• Is there a specific pattern of cellular injury? 

- Cyto-architectural changes, metabolic changes? 

- Glial cells, neuronal cells, axons? 

• Are there measurable changes in the brain prior to WMH 

formation? 

- How early after exposure can changes be detected? 

r 
~~ "'&1,,, • .,.,+o 

- l1C~~ 
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Study Design 

... ~t' ~,4 
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• Use non-invasive neuroimaging techniques - MR spectroscopy (MRS) 

and arterial spin labeling (ASL) - to look for any acute changes 

occurring at the neuronal level in subjects exposed to non-hypoxic 

hypobaric conditions 

• 77 USAF aircrew personnel underwent non-hypoxic, hypobaric 

exposure (per AF standard protocol) 

• MRS (3 Tesla) performed prior to 1 st lifetime exposure and repeated 24 

and 72 hours after exposure 

• Pseudocontinuous ASL (pCASL) was performed in a similar fashion 

• MRS and pCASL imagings from 77 cases were compared to MRS and 

pCASL results in 43 healthy, age-matched controls 

RL 
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Study Algorithm 

t= 0 

I 
Chamber I VS. 

I I 
24h 

72 h 

r 
~· ~ .C> 

41~,>ie~':••'"' 

Comparison of proton metabolites and cerebral blood flow (CBF) using paired t-tests 
RL 
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• MRS#l 

• MRS#2 

11 MRS#3 

Results: MR Spectroscopy .r:, 
-1t11,'IO'" 

I l l I 
II • • ,- 1 --·I 

Glu Cho 

8.152 2.24 

8.058 2.209 

8.083 2.245 

AFC TE30 Average 

(n=77) 

NAA ml 

10.109 5.319 

9.943 5.177 

10.062 5.217 

I 
Cr Glu+Gln GSH 

7.131 9.795 2.449 

7.001 9.763 2.37 

7.136 9.902 2.387 
C::RL 
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MRS#l 

MRS#2 

MRS#3 

#1-#2 

#1-#3 

#2-#3 

Results: MR Spectroscopy 

Average of metabolite peaks measured over both frontal Jobes 

using multi-voxel analysis 

Glu Cho NAA ml Cr Glu+Gln 

8.152 2.24 10.109 5.319 7.131 9.795 

8.058 2.209 9.943 5.177 7.001 9.763 

8.083 2.245 10.062 5.217 7.136 9.902 

AFC paired t-test p-va/ue 

0.403 0.147 0.066 0.028 0.103 0.983 

0.423 0.803 0.6 0.241 0.908 0.293 

0.877 0.165 0.311 0.597 0.099 0.312 

Key: #1 = pre-exposure, #2 = post 24 h, #3 = post 72 h 

.. " ~' .. r:.: ~A11:11)fC~\.o 

GSH 

2.449 

2.37 

2.387 

0.126 

0.372 

0.707 

F RL 
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Results: Arterial Spin Labeling .I,",-·'° 

8.SC 

8.0C 

c ·-E 7 c;r. 
......... 
ao 

0 
0 
'l"""'i 

:J" 7 .OC 
E 

6.5C 

5.0C 

WM ASL Average {mean ±Cl) 

• AFC (r=77) 

• NOR (n=43) 

MRl#l MRl#2 MRl#3 

Key: #1 = pre-exposure, #2 = post 24 h, #3 = post 72 h 
= RL 
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Conclusions ~r: 

Ate1,ic~" 

• Exposed subjects had a decrease at T +24 in myo-inositol tn=ri '"1 f , 

NM (p=0.066), Cr (p=0.076), and GSH (p=0.063) with no significant 

change in controls 

• Decreased NAA and myo-inositol indicate compromised integrity of 

neuronal and glial cells , respectively 

• pCASL showed an upregulation of both white and gray matter CBF 

at both T +24 and T + 72 hours in the exposed subjects with no 

significant change in the controls (subjects WM p=0.004/0.021; GM 

0.065/0.037) 

• Changes in CBF occurred first in WM areas followed by gray matter 

areas 

CRL 
Cleared, 88PA, Case II 2017-0330, 30 Jan 2017. 11 



\J ••• • 
Conclusions 
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• Hypobaria without hypoxia results in oxidative stress to neurons and 

glial cells and can be detected using non-invasive neuroimaging 

within 24 hours of exposure 

• Increases in CBF likely occur secondary to neuronal oxidative stress 

• Metabolite peaks trended toward baseline levels at 72 hours, 

implying a healing process is likely involved early after hypobaric 

exposure 

• WMH found in pilots and aircrew personnel are likely a function of 

both the frequency and cumulative effects of oxidative stress 

secondary to hypobaric exposure 

RL 
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