Time-course of AR, during visual stimulation and hypercapnia diffusion-weighted fMRI experiments
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Introduction: It has been suggested that heavily diffusion-weighted (DW) fMRI signal change originates from extravasular tissue and reflects
neuronal activity via cell-swelling because the signal from flowing blood is significantly attenuated by heavy diffusion-weighting and the functional
signal change preceded the signal change observed in GE-BOLD imaging [1]. However, it has also been suggested that there is a BOLD contribution
to the signal change [2-4]. BOLD signal change is due to changes in the voxel-scale concentration of paramagnetic deoxyhaemoglobin during neural
activation. This is usually interpreted as a change in transverse relaxation rate (AR,). In this study, a sequence with two EPI aquisitions after
pulsed-gradient spin-echo (PGSE) diffusion-weighting was constructed to allow us to estimate the transverse relaxation rate (R,) at a particular
b-value (Fig. 1). The sequence was applied to two DW fMRI experiments, visual stimulation (VS) and hypercapnia (HC), to compare AR, from
experiments where neuronal activation is supposedly present (VS) and not present (HC).

Methods: The DW fMRI experiments were conducted on a whole-body 3T MRI system (Signa HDx, GE Healthcare). Eleven and 4 healthy
volunteers participated in the VS and HC experiments, respectively. Images were acquired with b-values of 1, 200 or 1400 s/mm> In each
experiment, the highest (1400 s/mm?) and lower b-values (1 or 200 s/mm?) were alternated every TR, which was 2000ms for VS and 1000ms for HC.
The following imaging parameters were common for both VS and HC: TE, = 71.3 ms, TE, = 129.2 ms, 64 x 64 matrix, 3.75 x 3.75 x 5 mm’ voxel
size, 4 slices. Stimulation of the visual cortex was performed with a black-and-white checkerboard alternating at 8 Hz (4 cycles of 40s activation and
80s rest). HC was induced by administering 5% CO, (2 cycles of 60s administration and 120s rest). After smoothing (3x3 spatial + 3(VS)- or
7(HC)-point temporal box filters), activated voxels were identified for both VS and HC with a pixel-by-pixel t-test analysis of the first-echo image
sets. All voxels in the b = 200 and 1400 s/mm?’ data sets with t-value>4 were defined as activated. ROIs were manually selected from the activated
pixels in the visual cortex for VS and from the whole cortex for HC. The average DW fMRI time-series in each ROI were collected and further
averaged over subjects for both the first and second echoes. Each DW fMRI time-course was linearly interpolated to compensate for the different
acquisition times of the » = 1400 and 5 = 1 or 200 s/mm* images. Assuming single-exponential decay between the first and second echoes, the
transverse relaxation rate, R, was estimated with Ry(z, b) = In(Stgy(¢, b) / Stea(2, b)) / (TE, - TE,), where Stg, and Stg, are the DW fMRI signal
intensities at time ¢ and diffusion-weighting b. AR, was obtained by subtracting the baseline R,. At each time point, significant differences for the %
signal change (AS/S) and AR, at different b-values were evaluated by standard analysis of variance (ANOVA) with Bonferroni—-Dunn correction for
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