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Diffusion-weighted imaging

= DWI is sensitive to molecular motion and bulk motion.
= DWI: I(x,y)e PPxY)g=t0(xy)

= Spatially smooth phase e~®Y) after diffusion encoding

« Random: because bulk motion is different during each application of the diffusion encoding
gradients (multi-shot, multi-nex).
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Diffusion-weighted imaging
= Single-shot imaging (fast)

e Limited resolution and SNR

* Heavy distortion

=  Multi-shot imaging (slow)

 Motion sensitive
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Multi-shot DWI

= Higher resolution; reduced distortion.

=  Motion-induced phase e~/?*Y) petween shots (random).
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= MUSE/POCS-MUSE ~ ~
X: image to be reconstructed

Multi-shot DWI

=  Motion-induced phase e 79*Y) (random and spatially smooth)

0: motion-induced phase to be estimated

NS
: 2
min z ||DiFSeJQix —yi”Z D; and y;: the sampling operator and
=1

x,01,..,Ng L acquired data of the i shot.
« Step1: parallel imaging on each shot* F: Fourier transform
L S: sensitivity map D

and take the low-resolution™ results to estimate e/?i

« Step2: estimate x

Stanford University



#0992

= Shot locally low-rank (shot-LLR) f )

Multi-shot DWI

=  Motion-induced phase e/?®*Y) (random and spatially smooth)

*spatial-shot local low rank matrix
- “calibration-less parallel imaging™ sl
. ] shot
« Spatial-shot matrices
« Slow-phase variations = low-rank : -
shc;t Ns
spatial
location
A )
NS
: 2
min E - IDiFSx; —yillz + A E [Rp{x1,.w J|.
xl,...,NS =1 b € ()
*Trzasko J, et al. IEEE TMI 2011. Stanford University
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= MUSE/POCS-MUSE (non-convex) ( Y
¥:-image to-be reconstructed

Multi-shot DWI

=  Motion-induced phase e 79*Y) (random and spatially smooth)

_ s 0 2 X;: the i shot image to be reconstructed
min |D;FSe’%ix —y — .
x,01,..Ng i=1 2 0: motion-induced phase to be estimated
D; and y;: the sampling operator and
= Shot locally low-rank (shot-LLR) (convex) acquired data of the it shot.
F: Fourier transform

S: sensitivity map

\_ /
N
min > IDiFSx —yil3+4 ) [Ryfxr, )
1 b e

=

k
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Multi-shot DWI

=  Motion-induced phase e 79*Y) (random and spatially smooth)

- MUSE/POCS-MUSE (non_convex) ( *spatial-shot local low rank matrix )
| Ns . , shol
min Z ||Dl-FSeJ ix — yi” shot
X,01,.,Ng i=1 2
-
=  Shot locally low-rank (shot-LLR) (convex)
spati.al
| location
\ )
Ng 5
min z IDiFSx; —yills +4 z [Rp{x1,. v ]
xl ..... NS i:1 b E .Q

Stanford University




diffusion
encoding

—

T2 image

l ESPIRIT

[ sensitivity map J

+

virtual
sensitivity map

Flowchart of shot-LLR reconstruction with virtual conjugate shots

multi-shot multi-coil high b-value data

[ shot 1 —coil 1 ]
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solving the problem by iterative thresholding
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Summary

Multi-shot DWI
= Reduced distortion and high resolution
=  Shot-to-shot phase variations

Shot-LLR
= using a relaxed model, non-convex -> convex

= constraint on sum of ranks (rank of some matrix can still be high -> high frequency phase
variations)
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