R2*, R1, and proton density age variations in subcortical
structures in young adults at 7T
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Introduction:

Ultra-high field (UHF) MRI and its ability to provide high resolution data is progressively entering the clinical
application stage and provides promising advances for brain imaging. Small subcortical structures can now
be appropriately imaged in hope of mapping their function in healthy population, and their role in
neurodegenerative disorders (1,2). UFH MRI comes, however, with altered contrast, instrumental biases,
and still lacks established imaging protocols. Quantitative MRI (qMRI) has the potential to mitigate these
issues via estimating parameters related to the biophysical properties of tissues (relaxation rates R1, R2,
and R2*, proton density, magnetization transfer etc.) and using calibration maps to correct for the protocol-
and scanner-dependency.

The critical issues for gMRI are currently the reproducibility, the incoherence in parameter mapping
approaches, and the consequential lack of consensus on normal values of tissue parameters. The latter
presents an aggravating issue for possible disorder diagnostics, when inter-individual (3) and inter-site
differences are poorly accounted for. We present a preliminary evaluation of variation of a number of qMRI
parameters with age within a sample of young and healthy volunteers for a multiparameter mapping (MPM)
gMRI protocol at 7T.

Methods:

21 healthy volunteers (4 males) with age ranging from 18 to 29y (median of 21) underwent the scanning at
7T Terra MRI (Siemens Healthineers, Erlangen, Germany) with a 1-Tx/32-Rx head coil (Nova Medical,
Wilmington, MA, USA).

The MPM protocol (4) comprised three (T1-weighted, PD-weighted, MT-weighted) whole-brain 3D FLASH-
based multi-echo sequences with similar isotropic resolution of 0.6 mm (TR 19.5 ms, FA PDw/MTw/T1w
5/5/20°, six equispaced echoes with TE ranging from 2.3 to 14.2 ms for PDw and T1w and 4 equispaced
echoes for MTw with TE ranging from 2.3 to 9.44, GRAPPA with acceleration factor R=2 in each in the two
phase encoding directions, and B1 mapping for transmit field correction (5).

The images were processed with the open source hMRI toolbox (hMRL.info) v.0.5.0 (6), yielding R2*, PD
and R1 maps. Subcortical structures were automatically parcellated by Multi-contrast Anatomical Subcortical
Structures Parcellation (MASSP) using all three parametric maps as input (7).

Median values for each of the parameters were extracted for the 27 subcortical structures with ventricles
excluded from further analysis. A linear model was built for each of the median value sets with age, BMI and
sex being the regressors. Each of the qMRI parameters was treated as a distinct measurement and multiple
comparison correction was applied separately to each parametric map. The linear models with p-values for
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age lower than 0.05 (false discovery rate-corrected) were deemed significant.

Results:

High quality, 0.6 mm resolution, co-aligned maps of gMRI parameters R2*, PD, R1 were obtained in all
participants. The resolution of the parametric maps and the contrast in cortical and subcortical anatomical
structures allowed MASSP parcellations of subcortical structures across all 21 participants (e.g., Figure 1).
The age dependency analysis showed no significant dependency in R1 versus age, the fornix showed
significant (p<0.0004) proton density increase with age, while bilateral striatum (left: p<0.003 and right:
p<0.0006) as well as the right subthalamic nucleus (p<0.0008) showed R2* increase with age (Figure 2).

-An example of subcortical structure segmentation overlaid on the R2* parametric map
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-Added variable plots for significant age-related dependencies
Conclusions:
Despite the limited age-range and size of our sample (8), we provide a set of values that show age-variation
in healthy young adults. The detected variations in R2* can reflect age-related iron accumulation in the
subcortical structures. The proton density dependency increase in the fornix is yet to be explained, as
previous studies show no changes in proton density for young adults (9). This analysis will be

complemented by a sample of older individuals allowing to assess if the detected age-related variations are
also present over a larger age-range.
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