
8/3/2017

1

High-resolution diffusion-weighted imaging 

technologies 

Nan-kuei Chen, Ph.D.

Department of Biomedical Engineering

University of Arizona

nkchen@email.arizona.edu

DWI
fMRI

mailto:nkchen@email.arizona.edu


8/3/2017

2

Human brain diffusion tensor imaging at submillimeter isotropic resolution on a 3 Tesla clinical MRI scanner.

Chang HC, Sundman M, Petit L, Guhaniyogi S, Chu ML, Petty C, Song AW, Chen NK.

Neuroimage. 2015 Sep;118:667-75. doi: 10.1016/j.neuroimage.2015.06.016. Epub 2015 Jun 11.

Diffusion is like very slow motion

- Completely random motion

- Moving direction and speed varying all the time

- Isotropic vs. non-isotropic diffusion
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The diffusivity (D) depends on temperature, fluid viscosity, cellular density etc.

2

High b-value DWI: 

1) metastasis, 2) response to radiation therapy

Mardor : Early Detection of Response to Radiation Therapy in Patients With 

Brain Malignancies Using Conventional and High b-Value Diffusion-Weighted 

Magnetic Resonance Imaging (J Clin Oncol 2003)
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Mapping of structural connectivity networks 

with diffusion-tensor imaging (DTI)



8/3/2017

5

Diffusion-weighted imaging based on single-

shot echo-planar imaging sequence

kx

ky

0.73mm x 0.73mm x 0.73mm; 64 directions; b = 3000 s/mm2

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

Miller et al., Diffusion imaging of whole, post-mortem 

human brains on a clinical scanner. Neuroimage 2011
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Motion in the presence of strong diffusion sensitizing 

gradients induces shot-to-shot phase variation 
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DWI EPI – shot #1

Motion in the presence of strong diffusion sensitizing 

gradients induces shot-to-shot phase variation 

DWI EPI – shot #2
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Shot-to-shot phase variations 

in multi-shot DWI
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Correction of shot-to-shot phase variation with 

multiplexed sensitivity encoded (MUSE) MRI 

Chen et al.: Neuroimage 2013

MUSE

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

0.375 mm in-plane resolution
5 mm slice thickness

1.5 mm in-plane resolution
5 mm slice thickness
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Human brain diffusion tensor imaging at submillimeter isotropic resolution on a 

3 Tesla clinical MRI scanner (Neuroimage 2015)

0.85 x 0.85 x 0.85 mm 2 x 2 x 2 mm

Chang et al.  2015

Human brain diffusion tensor imaging at submillimeter isotropic resolution on a 

3 Tesla clinical MRI scanner (Neuroimage 2015)

0.85 x 0.85 x 0.85 mm 2 x 2 x 2 mm

Chang et al.  2015
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Human brain diffusion tensor imaging at submillimeter isotropic resolution on a 

3 Tesla clinical MRI scanner (Neuroimage 2015)

Improved Delineation of Short Cortical Association Fibers and Gray/White Matter Boundary 
Using Whole-Brain 3D DTI at Submillimeter Resolution (Brain Connectivity 2014)
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Deep brain stimulation

https://cancer-therapy.knoji.com/deep-brain-stimulation-dbs-for-parkinsons-disease-and-parkinsons-related-symptoms-treatments/
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Nambu 2002 (Neurosci Res): Functional significance of the 
cortico-subthalamo-pallidal ‘hyperdirect’ pathway

STN: 5.9 x 3.7 x 5 mm

Brunenberg 2012 (Plos ONE): Structural and Resting 
State Functional Connectivity of the STN: Identification 
of Motor STN Parts and the Hyperdirect Pathway
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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
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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)

Guhaniyogi et al. Motion immune diffusion imaging using augmented MUSE for high-
resolution multi-shot EPI (Magn. Reson. Med 2015)
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Guidon @ GEb=50 s /mm2

b=1000 s /mm2 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

Charles Chang et al. 2014

http://www.biac.duke.edu/people/staff.asp?id=sg160
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2-band 4-shot T2WI

2-band 4-shot DWI

2-band 4-shot T2WI

2-band 4-shot DWI
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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


