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Prospective motion correction improves gSlider accelerated diffusion imaging
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Synopsis

High resolution diffusion weighted imaging (DWI) is required to map cortical fibres and short association fibres in superficial white matter.
The recently developed gSlider sequence allows high-resolution whole-brain DWI but is prone to motion-induced artefacts due to the long
volume acquisition. We combined gSlider with prospective motion correction (PMC) using optical tracking to acquire high angular, high
spatial resolution DWI. In three healthy participants, we demonstrated that PMC led to a reduction of motion artifacts, an increase of
temporal SNR of around 15% and better estimates of fibre characteristics in the cortex and superficial white matter.

Introduction

Intracortical fibres and cortico-cortical short association fibres running in the superficial white matter (SWM) constitute the majority of cortico-
cortical connections in the human brain’. Despite their paramount importance, these two types of fibres are not included in current in vivo
human connectomes, since they are not accurately captured by conventional diffusion weighted imaging (DWI), mainly due to insufficient
spatial resolution3. High resolution (sub- to one-millimeter isotropic) whole-brain DWI is required to comprehensively map cortical fibres and
short SWM association fibres. Large volume coverage, sufficient signal to noise ratio (SNR) and reasonable acquisition times can be preserved
with the use of the gSlider-SMS method*®, which combines slice selective excitation and 3D encoding. However, gSlider acquisitions are prone
to image artifacts arising from subject motion during the 10-20s it takes to acquire the differently-encoded versions of each slice that are
combined for the final image. Prospective motion correction (PMC) with external optical tracking was previously shown to efficiently reduce
motion artifacts in DWI”:8. Herein we incorporated PMC into gSlider and quantitatively assessed its effect on image quality both in the presence
and absence of intentional motion.

Methods

High angular, high spatial resolution diffusion weighted imaging was carried out on three healthy participants (2f, mean age 30+3 years) on a 3T
Connectom scanner (Siemens Healthcare, Erlangen, Germany) equipped with a custom 64-channel RF receive head coil®. Participants wore a
bespoke dental mouthpiece on the front teeth with an attached tracking marker and were requested not to move. An optical tracking system
(Kineticor, CA, USA) installed in the bore of the scanner monitored marker motion at 85 Hz. After four-point moving-average filtering, the poses
were used to dynamically update the field of view immediately prior to each RF excitation'®.

The simultaneous multi-slice axial DWI acquisition (gSliderxMB = 5x2) was performed using volume TR 2s, echo time (TE) 62ms, matrix size 220
x 220, isotropic in-plane resolution Tmm, GRAPPA 3, Partial Fourier 6/8, 30 slices, nominal slice thickness 5mm, two interleaved shells
(b=800,1800), 60 dirs per shell, 13 b=0 images and total acquisition time of 28 min. A pair of standard and reversed (PA) phase encoding images
were acquired for susceptibility-induced-distortion correction. The entire acquisition was repeated with PMC enabled and disabled. Temporal
SNR was calculated across 13 b=0 images and compared for gSlider acquisitions with and without PMC.

To investigate the ability of PMC to correct artifacts from motion with larger amplitudes an additional experiment with voluntary motion was
performed. The participants were asked to perform low amplitude slow voluntary yaw (left to right) head movements while recording further
(one b=0, two b=800) gSlider volumes with PMC enabled and disabled.

Each set of five differently-encoded gSlider volumes were combined to obtain volumes with 1mm slices (i.e. effective acquisition time 10s) using
a custom Matlab script* and further processed using MRtrix3'". High resolution gSlider volumes were denoised, eddy-current-, motion- and
distortion corrected. Diffusion tensor fitting and multi-tissue constrained spherical decomposition were performed.

Results

Participant motion was similar across with- and without-PMC scans, consisting mostly of a slow drift of the order of the voxel size. Motion
resulted in strong variation of slice intensity across slices, with drop-outs for outer slices within 5-slice gSlider blocks. Such artifacts were
especially apparent under the intentional motion condition and were suppressed when PMC was used (Fig.1). PMC reduced volume-to-volume
variation of image intensity, resulting in a temporal SNR improvement of about 15% when averaged across the brain (Fig.2). With PMC
correction the tSNR maps resemble the sensitivity profile of the 64ch coil, indicating efficient correction of motion and respiration induced head
motion. PMC resulted in better estimates of fibre orientation distributions (FODs) in the cortex and in the superficial white matter (Fig.3).

Discussion and Conclusions

We demonstrated significant reduction of motion artifacts, enhanced temporal SNR and improved mapping of cortical and SWM fibre
orientation distributions for high-resolution gSlider DWI combined with PMC. As implemented, not all consequences of motion are
prospectively corrected, for example movement through the receive sensitivity field, or motion during the diffusion encoding that may lead to
dropouts. However, PMC - as compared with retrospective techniques - corrects slice alignment and reduces spin history effects. Furthermore,
it offers a much higher temporal resolution than image based corrections. The presented method has great potential to enable submillimetre
DWI in studies on large population cohorts with less compliant and less experienced participants.
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Figure 1. Image artifacts induced by motion during gSlider acquisition are reduced by PMC. The b0 images recorded from a participant
performing small voluntary yaw motion (+2° averaged rotation) recorded without PMC (upper row) and with PMC (bottom row). The motion
resulted in a slice-to-slice variation of slice intensity (yellow arrows), due to the errors in the gSlider reconstruction, which was significantly
reduced by PMC.
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Figure 2.Temporal SNR of DWI gSlider acquisition is increased by PMC. (a) The maps of temporal SNR determined for 13 b0 images recorded as
a part of the full DWI acquisition from participant with no intentional motion recorded without (upper row) and with PMC (bottom row), (b)
Histogram calculated across all brain voxels. Temporal SNR is more homogeneous and improved when using PMC, especially in the peripheral
regions.
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Figure 3. PMC improves the estimation of fibre characteristics in the cortex and SWM. (a) PMC did not result in significant changes of a DTl fit as
reflected in similar MD (upper row), FA (middle row) and main tensor directions (bottom row) obtained for gSlider acquisition with and without
PMC. (b) Fibre orientation distributions estimated by MT CSD model in the frontal cortex for acquisition with and without PMC. Improved
estimations of FODs in the cortex (yellow arrow) and in SWM (white arrows) were observed for gSlider acquisition with PMC.
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