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© INTRODUCTION

Advanced quantitative MRI (qMRI) provides tissue-specific measures
sensitive to microstructural changes, such as myelin and axonal
damage [1]. While different gMRI modalities highlight complementary
pathological features within white matter lesions (WMLs) in MS,
integrating them to track tissue changes over time remains challenging.

¢¢ METHODS

Study population: We studied 41 people with MS from the INSIDER Basel cohort,
who underwent a 3T MRI at 2 timepoints. Clinical and MRI details available in Table 1.

26F + 15M 45.23+14.83 years  9.87%x11.68 years 2.0[0.0, 6.5] 0.08%+0.29

T1map, QSM, MWF T1w, FLAIR 2.00x0.07 years

Table 1. Data information. Abbreviations: myelin water fraction (MWF), quantitative susceptibility mapping (QSM), annualized
EDSS change (cEDSS/y), conventional MRI (cMRI), standard deviation (SD).

Data processing. After identifying WMLs on FLAIR and black holes (BH) on T1w,
external portion (EP) and perilesional tissue (PT) regions were segmented (Figure 1).
Paramagnetic Rim Lesions (PRLs) were identified using Chimap/phase imaging. Brain
atrophy was quantified via percentage brain volume change (PBVC) using FSL SIENA
tool [2].

Mahalonobis map: A novel map that captures multiparametric microstructural
abnormalities over time was generated by computing Mahalanobis distance in gqMRI
change maps between lesions and a reference region (Figure 2). The Mahalanobis
distance can be interpreted as the Euclidean distance where differences are weighted
according to the covariance of the data. The higher the distance from the reference
region distribution (i.e., the higher abnormality), the higher the magnitude of the
Mahalanobis map.

Statistics: To evaluate differences across lesion regions, generalized linear mixed-
effect models were used, with covariates adjustement (age, sex, follow up interval,
lesion volume), mean Mahalanobis distance as dependent variable, region as regressor
and subject as random factor. The same model was applied to assess differences in
chronic inflammation state (PRL vs non-PRL) and to evaluate associations with brain
atrophy or disease accumulation, with PBVC or cEDSS/y as regressors, respectively.

RESULTS

A total of 804 WMLs with BH were analysed, of which 71 (9%) PRLs. When
considering all WMLs, Mahalanobis maps revealed an “inside-out”
gradient of microstructural abnormalities, with the highest values in BH
and decreasing in EP and PT (mean:4.8%6.7, 3.1+£3.3, 1.2+1.5 respectively,
p<0.01; WML: 3.3%3.5) (Figure 3A). PRLs had higher Mahalanobis values
than non-PRLs within BH and EP (p<0.01) (Figure 3B).
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@) OBIJECTIVES

To develop a unified voxel-wise method that integrates
longitudinal qMRI data to characterize microstructural
changes in WML and surrounding tissue, and assess its
relevance via associations with chronic inflammation,
neurodegeneration, and disability accumulation.
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Figure 1. Lesion regions identification scheme. First, WML mask was identified segmenting FLAIR-hyperintensities. Then T1-
hypointenisietes in WML mask were identified as black hole (BH) region. Finally, external portion (EP) was defined the as region
between BH and lesion edge, while peri-lesional tissue (PT) region as 2 mm-ring beyond lesion edge.
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Figure 2. Longitudinal microstructural abnormality mapping scheme. Step 1) computation of longitudinal (BSL: baseline, FUP:
follow up) change maps from gMRIs. Step 2) Individuate the most time invariant anatomical region common to all sequences. Step
3) compute Mahalanobis distance in change maps between WMLs voxels and the reference region distribution.

In PRLs only, higher Mahalanobis values were associated with lower
PBVC (BH: b=-1.98; EP: b=-0.98; WML: b=-1.12) (Figure 4). In non-PRLs, no
associations with atrophy were found. In all lesion types, no associations with
disability accumulation were found.
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Figure 4. Scatter plot showing associations between PBVC (x axis) and Mahalanobis distance (y axis) in each WML region (A-C)
and in WMLs (D). Each line represents the regression as obtained from the linear model, each dot correspond to a WML, and the
color of dots indicate different subjects. Abbreviations: non-significant (NS), black hole (BH), external portion (EP), perilesional
tissue (PT), white matter lesion (WML).

Figure 3. A) Boxplots of Mahalanobis distance in lesion regions unstrarified (A) and stratified in PRLs and non-PRLs (B).
Abbreviations: black hole (BH), external portion (EP), perilesional tissue (PT), white matter lesion (WML).

@ CONCLUSIONS

Our novel multiparametric approach enables comprehensive mapping of microstructural changes across MS lesion compartments,
particularly in chronic active lesions. By capturing distinct pathological signatures of abnormalities, it may provide new relevant markers of
neurodegeneration as indicated by correlations with brain atrophy.
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