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Learning Objectives

* Recall a simple expression for how the MRI signal depends
on diffusion.

- Understand how gradients control diffusion sensitivity.

- Appreciate how the spin echo DWI sequence is built.

« Describe the steps required to measure diffusion with MRI.
» Distinguish high and low ADC from DWI-based images.

- Explain the concept of T2 shine through from the signal egn.
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Diffusion and Gradients
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An ensemble of diffusing spins will
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accumulate different amounts of phase.

The larger the phase dispersion,
The higher the diffusion coefficient.

Movies courtesy of Kévin Moulin




Diffusion — Gradients

Gradient Echo Diffusion
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Diffusion — Gradients
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Diffusion — Gradients

Gradient Echo Diffusion Spin Echo Diffusion
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Spin Echo EPI
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Spin Echo EPI — Longer TE
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Diffusion Weighted Spin Echo EPI
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Diffusion — b-value [s/mm?Z]

Experiment:
1) Set b=0, Measure So
2) Set b#0, Measure S

3) Calculate D
0 1000 2000 3000 4000 High D --> High signal loss
b-value [s /mm2] Low D -->Low signal loss
Tissue Diffusion Coefficient High b-value --> High diffusion sensitivity, but low SNR
[10-6 mm2/s] Low b-value -->Low diffusion sensitivity, but high SNR
White matter 670-800
Deep grey matter 700-850
CSF 3000-3400
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Diffusion Measurements
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Minimize the TE for best SNR.
“Maximize” TR for best SNR.

Image: http://mriquestions.com/making-a-dw-image.html




Diffusion Measurements
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This is what we control on the scanner.
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Match the TE and TR to So.
Adjust b-value for best contrast.

% Image: http://mriquestions.com/making-a-dw-image.html




Diffusion Measurements
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Diffusion Measurements

TR

A TE - ™
90° 180° 90°
e \
l‘h )
A I
b=0-s/mm? b=1{)00'7$/m(n2
P 5. =
'.'—," ¥ v




DWI Example — Chronic Infarct
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DWI Example - Acute Stroke
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DWI - T2 Shine Through

« High signal intensity on DWI:

— Low (restricted) diffusion (spins didn’t move too far)

Long T2 (signal didn’t decay too much)

« Low signal intensity on DWI:

— High diffusion coefficient S
short T2 (signal decayed a lot)

&%

Trace DWI

N

od 4 -
23 62410
Ao [ oges .
< o )
é.:‘

: SAY
%es‘tricted //1 3

ffusiongis v

http://mri-g.com/t2-shine-through.html



What else can we measure with diffusion”
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