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3D-SPARKLING for functional MRI: A pilot study for retinotopic mapping at 7T
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Introduction:

Whole brain high isotropic spatial resolution BOLD fMRI is usually achieved with undersampled Cartesian techniques, such as segmented 3D-EPI [START_REF] Poser | Three Dimensional Echo-planar Imaging at 7 Tesla[END_REF] or 2D SMS-EPI. However, the acceleration factors allowed by these methods remain intrinsically constrained by the phased array coil geometry used. Compressed-sensing (CS) was introduced in Cartesian and non-Cartesian MRI as an alternative to speed up even further acquisition times [START_REF] Lustig | Compressed Sensing MRI[END_REF] while preserving image quality. Recently, SPARKLING, a CS-based method, was developed for anatomical MRI [START_REF] Lazarus | 3D Variable-Density SPARKLING Trajectories for High-resolution T2*-weighted Magnetic Resonance Imaging[END_REF][START_REF] Chaithya | Optimizing Full 3D SPARKLING Trajectories for High-resolution T2*-weighted Magnetic Resonance Imaging[END_REF]. SPARKLING readouts are multi-shot and hardware constrained trajectories that combine non-Cartesian variable density sampling with locally uniform coverage of k-space. For the first time, the prospects of using 3D-SPARKLING were studied and compared to state-of-the-art CAIPIRINHA segmented 3D-EPI.

Methods:

Three healthy volunteers were scanned at 7T using a classic retinotopic mapping paradigm: A rotating wedge with a period of 32s. The code of the experimental paradigm is available in [3]. Functional data was collected using the sequence parameters reported in Fig. 1-a. Two consecutive runs were carried out for each method (3D-EPI, 3D-SPARKLING) and each participant. The order in which the sequences were run was randomized across individuals. On the one hand, B0 and external sensitivity maps for 3D-SPARKLING data were acquired using a multi-echo gradient recalled echo (GRE) sequence. These maps were used during reconstruction for multi-coil calibration and static ∆B0 correction. On the other hand, a 15s calibration is run once at the start of each 3D-EPI sequence (be it single or multiple-repetition) to acquire sensitivity maps. B0 distortions were corrected on 3D-EPI data using the TOPUP mechanism[1]. 3D-SPARKLING volumes were reconstructed independently from each other using the method published in [START_REF] Gueddari | Self-calibrating Nonlinear Reconstruction Algorithms for Variable Density Sampling and Parallel Reception MRI[END_REF] which promotes sparsity in the wavelet domain. The relevant code can be found in the pysap-mri plugin[4] of the PySAP package. Fig. 1-c details the image reconstruction pipeline for 3D-SPARKLING data. The 3D-EPI data was reconstructed with a GRAPPA-based reconstruction. Retinotopic data was analyzed using a two-session first-level GLM that included 2 paradigm-related regressors (parametric, continuous and sinusoidal), 6 motion regressors (estimated using FSL[1]), a drift regressor, and the baseline. A F-test over the two sinusoidal regressors was used to estimate the global effect of interest. To estimate the functional signal phase, arctan(β2/β1) was computed voxel-wise, β1 and β2 being the z-scores derived from a t-test over respectively the first and second sinusoidal regressor. The implementation was done through the Nilearn package[2] according to the pipeline in Fig. 2. The comparison was performed visually according to the effect of interest and phase maps. https://ww3.aievolution.com/hbm2201/index.cfm?do=abs.viewAbs&subView=1&abs=1788 3/5

Results:

For the sake of optimal visualization, we report the results of the statistical analysis for two participants only.

The observations remain valid for the third one. The effect of interest maps in Fig. 2 show that the activation patterns are consistent with the visual stimulation for both methods. In addition, their z-score values are comparable. The phase maps and their orientation in Fig. 2 are consistent with the mapping of the retina onto the visual cortex. This suggests that our method performs as well as the state-of-the-art in terms of significance and spatial accuracy of the recorded functional signal. We notice that the phase maps seem to be more accurate for 3D-SPARKLING. Conclusions:

3D-SPARKLING performs similarly to 3D-EPI at 1mm iso and 2.4s-TRv resolution. Consequently, it has the potential to be a suitable acquisition technique for high resolution fMRI. As each shot crosses the k-space center, 3D-SPARKLING could further enable the implementation of variable spatio-temporal resolution which is impossible with traditional Cartesian methods.

Modeling and Analysis Methods: 
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