MHSRS-26-4227

usu

« Y * Uniformed
'%’ Services

University

ABSTRACT

Motivation: Warfighters at high altitudes (HA) face higher rates and severity of traumatic brain injury (TBI),
but how chronic hypoxia affects mild TBI (mTBI) recovery remains poorly understood.

Goal: Use longitudinal 7T proton MR spectroscopy (MRS) to identify neurochemical biomarkers of HA
adaptation and subsequent post-trauma metabolic crisis.

Approach: Mice were acclimated to simulated HA (5,000 m) or sea level (SL) for 12 weeks, subjected to three
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Figure 3. mTBI — Aggregate analysis
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« Higher incidence of traumatic brain injury (TBI) at HA [2], and more severe neurological consequences
compared to similar injuries sustained at SL [3,4]

Mild traumatic brain injury (mTBI)

« Commonly referred to as concussion, represents the most prevalent form of TBI [9]
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Figure 2. High Altitude (HA) vs Sea Level (SL)
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« After 12 weeks, mice were anesthetized & underwent unilateral mTBI via closed head injury (CHI) [8]

« CHI was induced using an electromagnetically controlled cortical impact device, targeting a site near
Bregma (3.0mm lateral, —2.0mm posterior, 1.5mm depth, left hemisphere)

« Impact parameters: a 5mm tip, 4m/s velocity, 15° -angle, and 100ms dwell time.

MR imaging

« 7T Bruker Biospec 70/20 with a birdcage transmit coil and a 4-ch receive array

MR spectra with PRESS (TR/TE = 2500/16.5ms, 256 transients, Rx bandwidth = 3301Hz)

* 4 volumes-of-interest (VOIs): frontal cortex (4 X 2 X 2mm?), left hippocampus (2 X 3 X 2mm?), right
hippocampus (2 X 3 X 2mm?), and cerebellum (4 X 2 X 2mm?)

e Multi-echo T2-w RARE (TR/TE =4000/10-110ms; RARE factor = x2; 4avg.; time = 15min)
Spectral data

« Processed using MRspa for frequency, phase, and eddy-current correction

« Metabolite quantification with LCModel (v6.3.1N) using a simulated basis set

« Statistical comparisons between HA and SL groups, as well as across post-injury time points, were
conducted using two-tailed unpaired t-tests with unequal variance

DISCLAIMERS

« All mice successfully underwent HA / 2 died within 3 days of CHI, and 2 more by day 14

« Summary metrics for linewidth, signal-to-noise ratio, and Crameér-Rao lower bounds of key metabolites are
presented in Figure 1b

« Figure 1c displays representative VOIs and corresponding spectra

HA exposure

* Ins/tCr levels different between HA and SL in both hippocampal formation (Figure 2)
« Right hippocampus also showed significant changes in INAA/tCr and tCho/tCr levels

« Reflects disrupted astroglial osmoregulation, membrane synthesis, and metabolic stress, reflecting an
energy-conservation phenotype under chronic hypobaric-hypoxia

Post-mTBI neurochemical profiles

* |Inthe aggregate of HA and SL (Figure 3) tNAA/tCr, and tCr appears to be most affected following CHI, in
line with changes in creatine levels as previously reported [9,10]

« Cross-sectional comparisons between HA and SL (Figure 4) show the most prominent post-mTBI
differences in Ins and tCho

« Cross-sectional analysis was limited by sample size, and further investigation is needed
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of PCho and GPC); Glc+Tau — sum of glucose and taurine.

CONCLUSIONS

The study identified region-specific neurochemical changes in mice following high-altitude
exposure and mild traumatic brain injury [11]

Significant alterations in various metabolites, notably tNAA/tCr, tCr, Ins, and tCho were observed,
with some effects persisting over time

However, the limited sample size prevented comprehensive cross-group comparisons

A more in-depth analysis with a larger cohort is needed to establish clear profiles of the
neurochemical biomarkers in HA adapted brains following mTBI
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