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Introduction: Magnetic resonance spectroscopy (MRS) and spectroscopic imaging (MRSI) in the human brain are susceptible to: (i) repositioning error of the voxel
(or grid) in cross-sectional and longitudinal studies; (ii) inappropriate choice of region(s) of interest (ROI); and (iii) operator error in manual ROI outlining. These
problems affect the sensitivity and reliability of MRS and MRSI. To address these issues we (i) co-register the 3D MRSI data into standard Talairach space; (ii)
perform voxelwise statistical analysis on co-registered data from 10 healthy volunteers acquired annually over 3 years (40 data sets); and (iii) apply standard-space
pre-defined deep brain structures (thalamus, putamen, globus pallidus, posterior cingulate cortex, corpus callosum, centrum semiovale and corona radiata) ROIs to
preprocessed metabolic maps to extract average metabolic concentrations.
Methods & Results: Ten healthy volunteers (7 F, 3M) 24 to 43 (mean 30) years old participated in the study after giving their Institutional Review Board approved
written informed consent. All experiments were conducted on a 3T Siemens scanner with a TEM3000 circularly-polarized, transmit-receive head-coil (MRI
Instruments, Minneapolis, MN). For image-guidance, MP-RAGE images were acquired with: TE/TI/TR= 2.6/800/1360 ms, 256x256x160 mm® FOV and
256x256x160 matrix. A 10 cm anterior-posterior (AP) x8 cm left-right (LR) x4.5 ¢cm inferior-superior (IS) =360 cm® VOI was then image-guided to be centered on
the corpus callosum and aligned in the same angle as the MRI. The VOI was then excited using PRESS (TE=35 ms) with three second-order Hadamard encoded 1.5
cm thick slabs (6 slices) that were sequentially multiplexed along the IS direction every 1800 ms TR. This optimizes both the SNR and spatial coverage [1] and the
thinness of these slabs allowed us to apply strong, 6 mT/m, Hadamard slice select gradients that reduced the ~1.6 ppm (=200 Hz) chemical shift displacement between
NAA and ml to ~0.6 mm, less than 8% of the 7.5 mm slices” width. The slices’ planes were encoded with 16x16 2D-CSI over a 16x16 cm? (LRXAP) FOV. The 'H-
MRSI data was reconstructed using in-house IDL software (Research Systems Inc. Boulder CO). After voxel-shifting in the LRXAP planes to align the NAA grid with
the VOI, the data was Fourier transformed in the time, AP and LR dimensions, and Hadamard reconstructed along the IS direction. The VOI spectra were then each
frequency-aligned and zero-order phased in reference to the NAA peak. The relative levels of the i-th (i=NAA, Cr, Cho, ml, Glu) metabolite in the j-th (j=1...480)
voxel and k-th (k=1...40) measurement were estimated from their peak area, S, using the SITools-FITT parametric spectral modeling package (using aspartate,
glutamate (Glu), glutamine, Cho, Cr, mI, NAA and taurine functions) of Soher et al.[2]. Each 16x16x6 S;; matrices were then linearly interpolated and co-registered
to MP-RAGE images, using our in-house Matlab software. The anatomical images of each individual were registered to the Talairach space [3] after skull-stripping.
The 40 (10 subjects x 4 measurements each) co-registered maps were averaged, giving rise to Fig.1 middle plane, in which the anatomical landmarks were better
demonstrated in the average compared to individual maps (left plane). CSF correction was applied in a voxelwise fashion by dividing S;; by the CSF probability
generated by SPM. Spatial distribution of variance was studied with coefficient-of-variation (CV) and 2-Way analysis of variance (ANOVA); overall variance was
demonstrated by CV whereas inter-subject variance was extracted with ANOA (Fig.2). Most of the variance is at the volume-of-interest (VOI) edges due to
positioning differences; within the VOI, CSF partial volume is the primary source of variance, followed by cross-subject fine scale variance at gyri and sulci (Fig.2).
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The concentration in the m-th ROI for the i-th metabolite in the k-th measurement, C;,,
was obtained relative to a 2 L sphere of Ci**=12.5, 10.0, 3.0, 7.5 and 12.5 mM NAA,
Cr, Cho, ml and Glu in water at physiological ionic strength to load the coil. The VOI
size and position (in the coil and the magnet) were chosen to be similar to the in vivo
studies in order to sample the B1 profile of the coil closely in (1)
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after CSF correction. and after CSF correction (d,€) were corrected for in vivo (T1;™°, T2;™) and in vitro (T1,"°, T2,""°) relaxation time
Volame Metabolic concentration [mM)] (mean<SD) differences (2). Quantification of metabolic concentrations in the ROI-s is in Table 1.
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