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Diffusion is like very slow motion

- Completely random motion

- Moving direction and speed varying all the time
tropic vs. non-isotropic diffusion




Diff Grad

(——) = ~bD, whereb =7
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The diffusivity (D) depends on temperature, fluid viscosity, cellular density etc.

High b-value DWI:
1) metastasis, 2) response to radiation
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Fig1. [©) signal intensity of viable tumor acquired at 14 b values
up to b = 4,000 sec/mm?. The line is o biexponentiol fit, () necrofic
tumor. The line is a monoexponential fit. [1) noise level.
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Mapping of structural connectivity networks
with diffusion-tensor imaging (DTI)




Diffusion-weighted imaging based on single-
shot echo-planar imaging sequence

k-space data

2mm x 2mm X n; 60 directions; b = 1000 s/mm

Miller et al., Diffusion imaging of whole, post-mortem
human brains on a clinical scanner. Neuroimage 2011




Motion in the presence of strong diffusion sensitizing
gradients induces shot-to-shot phase variation

Motion in the presence of strong diffusion sensitizing
gradients induces shot-to-shot phase variation

Shot-to-shot phase variations
in multi-shot DWI




Correction of shot-to-shot phase variation with
multiplexed sensitivity encoded (MUSE) MRI

Chen et al.: Neuroimage 2013

Multiple receiver coils
and sensitivity-encoding
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Multi-shot EPI based DTI
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Multi-shot EPI based DTI reconstructed with MUSE
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1/g-factor Noise image*

*Noise image = |DWI = DWI, ool

0.375 mm in-plane resolution 1.5 mm in-plane resolution
5 mm slice thickness 5 mm slice thickness
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T1 FLAIR T2 FLAIR DWI 128x128 DWI 384x384

0.85x0.85 x 0.85 mm 2x2x2mm
Human brain diffusion tensor imaging at submillimeter isotropic resolution on a
3 Tesla clinical MRI scanner (Neuroimage 2015)
Chang et al. 5

0.85x0. .85mm 2x2x2mm

Human brain diffusion tensor imaging at submillimeter isotropic resolution on a
3 Tesla clinical MRI scanner (Neuroimage 20
Chang et al. 2015
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Human brain diffusion tensor imaging at submillimeter isotropic resolution on a
T clinical MRI scanner (Neuroimag

Improved Delineation of Short ation Fibers and G Matter Boundary
Using Whole-Brain 3D D ibmillimeter Resolution (B onnectivity 2014)

Wired for therapy

Implanted

devices work
tocalm

symptoms of
Parkinson's

by sending
impulses to bD(
thebrainthat \_~) generator
disable overactive / [
nerve cells. //‘ { @
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cer-therapy.knoji.com/deep-brain-stimulation-dbs-for-parkinsons-disease-and-parkinsons-related-symptoms-tr




Somatosentory
swip

‘Homunculus’

Subthalamic nucleus
Nambu 2002 (Neurosci Res): Functional significance of the
bthalamo-pallidal ‘hyperdirect’ pathway
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Brunenberg 2012 (Plos ONE): Structural and Restin;
State Functional Connectivity of the STN: Identification
of Motor STN Parts and the Hyperdirect Pathway




Hagmann et al., Mapping human whole-brain
structural networks with diffusion MRI. PLOS ONE 2007

. Networks cost and efficiency
. Segregation and integration

. Structural and functional networks

Motion-immune human DWI




MUSE reconstruction in the presence of
large-scale intra-scan motion

Guhaniyogi et al. Motion immune diffusion imaging using augmented MUSE for high-
resolution multi-shot EPI (Magn. Reson. Med 2016)
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Guhaniyogi et al. Motion immune diffusion imaging using augmen MUSE for high-

resolution multi-shot EPI (Magn. Reson. Med 2015)

4-shot MUSE
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b=50 s/mm?2 Guidon @ GE

b=1000 s/mm?2  Guidon @ GE

Improving the scan efficiency of high-
resolution DWI with multi-band (i.e.,
simultaneous multi-slice) imaging

Improving the DWI throughput with multi-band EPI
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http://www.biac.duke.edu/people/staff.asp?id=sg160

2-band 4-shot T2WI

2-band 4-shot DWI

2-band 4-shot T2WI
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Summary

« Principles of DWI

- The need for improving the spatial-resolution of DWI

- Technical challenges of multi-shot EPI based DWI

« Principles and application of MUSE technology

-+ Graph theory analyses of DWI based network map

- Reduction of motion-related artifacts in high-resolution DWI
- Improving the scan efficiency with multi-band imaging




