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ABSTRACT

New Physically Plausible Compressive Sampling Schemes for high resolution MRI
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Compressed Sensing (CS) theory, which has revolutionized the way of acquiring data by overcoming the Shannon-Nyquist criterion. This breakthrough

/Magnetic resonance imaging (MRI) is a medical imaging technique used in radiology to image the anatomy and function of the body in both health and disease. MR image resolution improvement in a standard scanning time (e.g., )
200um isotropic in 15 min) would allow neuroscientists and doctors to push the limits of their current knowledge and to significantly improve both their diagnosis and patients' follow-up. This could be achieved thanks to the recent

sampling, (i) image representation using sparse decompositions (e.g., wavelets) and (iii)) nonlinear image reconstruction. Using CS, data can be massively under-sampled by a given acceleration factor “R” while ensuring conditions for
optimal image recovery. In this work, we use an in-house algorithm [Boyer et al, 2016, Chauffert et al, 2016,17] to design novel physically plausible sampling schemes adapted to CS-MRI in order to fasten MR acquisitions. The MR
Images reconstructed from data (i.e. Fourier samples) collected over the proposed k-space trajectories have a significantly higher SNR (2-3 dB) than those reconstructed from data collected over more standard sampling patterns (e.qg.
radial, spiral) for a given reconstruction. Likewise, on real data collected on a 7T SIEMENS Magnetom scanner at NeuroSpin, recent reconstructions from highly undersampled data that was acquired with an adapted GRE T2* weighted
sequence showed promising results on ex-vivo brain baboon. These results proved that our methods are practically feasible for very high resolution MRI with unprecedented acceleration factors.

has been achieved by combining three key ingredients: (i) variable density

MATERIALS AND METHODS
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RESULTS

From simulations...

Nonlinear reconstruction
FISTA algorithm (1 = 107°)

Ex-vivo baboon

(a) SNR=26.7 dB (b) SNR=20.6dB (c) SNR=21.0dB (d) SNR=27.0dB (e) SNR=23.5 dB

» Projection on measures brought by curves in §yg; outperforms radial and spiral imaging by 2to 3 dB

Application to Design of k-space Trajectory CSGRE: an accelerated sequence for T2* weigthed imaging
[Boyer et al, 2016]
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*; 3200 ns corresponds to the gradient total time needed to reach the comer of k-space for N=2048 and FOV=205mm. It i5 frozen in the sequence.

Reference

full Cartesian N=1024 / Future work \

TA =1 min 04s
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» Account for gradient errors in
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CONCLUSION

In this work, we have proposed an original approach to design efficient k-space sampling trajectories complying with the hardware
constraints of MRI gradient systems. On the reconstructed images we have shown significant improvements in terms of image quality
(pSNR) In very high resolution anatomical imaging, which is relevant for in-vivo exams at ultra-high magnetic field (= 7 Tesla). MR
acquisitions performed on 7T MR scanner showed that our sequence CSGRE allows to traverse new complex undersampled sampling
schemes whose data can then be used to reconstruct high resolution T2* weighted images. Acquisitions for a very high target in-plane
. resolution of 0.2 mm showed that very large acceleration factors (up to 16-fold) are practically achievable using our method. -
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