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Abstract

Statement of the Problem: Multiple Sclerosis (MS) is a chronic
inflammatory disease that destroys the brain and spinal cord,
characterized by demyelination and axonal damage. MS relies
heavily on the use of conventional MRI for diagnosis and ongoing
monitoring!2. However, reliable markers of disease progression are
still needed, therefore, advanced bioimaging techniques such as MR
Spectroscopy (MRS)34, which can evaluate neurometabolic changes
within white matter lesion (WML) and normal-appearing white matter
(NAWM)56. However, the potential challenges with MRS imaging
(MRSI) include performing multi-dimensional metabolic mapping of the
brain with high spatial resolution, short acquisition times, and the
accurate evaluation of the metabolic composition of WML and NAWM
in the whole brain using differential metabolic regions (DMRs) for MS.
The project aims to determine the precise nature of NAWM and WML
in people with MS (pwMS), compared to healthy controls (HCs).
Another target was to develop a multi-dimensional map of the
neurometabolic concentrations in pwMS to enable the differentiation of
the tissue subtypes. Methodology & Theoretical Orientation: The
advanced bioimaging technique (3D-fast MRSI) was applied by a 3T-
MR scanner covering most of the brain in 16 pwMS and 13 HCs. Multi-
slice-MRSI data was processed using a novel pipeline for multi-
dimensional metabolic mapping using fast-MRSI  with  DMR
classifications. Findings: The neurometabolic mapping of DMRs showed
that N-acetylaspartate (NAA) in WML was significantly lower than in
NAWM-MS (-8%) and HCs (-15%) within deep cortical-WM in both
posterior parietal lobes (Figure 1A), while Myo-inositol (m-Ins) levels
from WML were significantly increased compared to NAWM-MS and
HCs. Results revealed 3 separate DMRs exhibiting a reduction in NAA
(9-23%) (Figure 1B). Conclusion & Significance: This advancement in
bioimaging (Fast-MRSI with DMRs) may enhance the clinical monitoring
of pwMS and the detection of potential NAWM and WML damage
which plays a critical role in MS pathology.
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Figure 1. A. Box plot of significant differences in the neurometabolites NAA & m-
Ins for WML voxels, NAWM-MS & HC voxels in four slices of one DMR, located
within deep cortical-WM in posterior parietal lobes. B. Mapping of NAA in single
slice and multi-slice of 3 DMRs located in one axial brain slice of an MS patient.
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