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Learning Objectives

« Understand that the MRI signal is sensitive to diffusion.

- Appreciate the relationship between random walks, diffusion,
and MRI signal attenuation.

« Describe the dependence of the MRI signal on the diffusion
coefficient.

+ Recall the spatial and temporal scale of diffusion in biological
tissues.
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Diffusion — Bloch Equations
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— Spins are thermodynamically driven to exchange positions.
* This exchange is irreversible and can lead signal attenuation.
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Diffusion — 1D Random Walk
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%% 1D Random Walk
N_step=100;

X = zeros(1,N_step);
dx = 55.5e-6;

dt = le-6;

rng( 'default');
p_xp = 0.5;

for n = 2:N_step
step = 2*(rand>p_xp)-1;
x(n) = x(n-1) + dx*step;
end
t=0:dt:dt*(numel(x)-1);
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Number of random walk steps
Starting x-position

Spatial step size per dt [mm]
Temporal step size [s]

Set random-number-generator seed
Probability (P) of a +x-step

% Loop over number of steps
3 +/- one step
% Add +/- displacement step

% Time-step vector
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Diffusion — 1D Random Walk

Az = step length
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Probability
distribution
for a spin.

Some math...

1-D Diffusion Egn.

Solution from:
x=0 @ t=0.

%% 1D Random Walk
N_step=100;

X = zeros(1,N_step);
dx 55.5e-6;

dt le-6;

rng( 'default');
p_xp = 0.5;

for n = 2:N_step
step = 2*(rand>p_xp)-1;
x(n) = x(n-1) + dx*step;
end
t=0:dt:dt*(numel(x)-1);

% Number of random walk steps

% Starting x-position

% Spatial step size per dt [mm]
% Temporal step size [s]

% Set random-number-generator seed
% Probability (P) of a +x-step

% Loop over number of steps
% +/- one step

% Add +/- displacement step

% Time-step vector

1D Random Walk

X-position [mm]
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Diffusion — 2D Random Walk
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Diffusion — Free vs. Restricted

Free (Isotropic) Diffusion
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Diffusion — Free vs. Restricted

&8

Free Diffusion

Restricted Diffusion
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Diffusion and Gradients
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Diffusion and Gradients
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Gradient Gradient (Random Walk!)

Stationary vs. Diffusing Spin

Stationary spins don’t accumulate phase, but diffusing spins have non-zero phase.
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Diffusion and Gradients
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Gradient Gradient (Random Walk!)

Stationary vs. Diffusing Spin
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What is the b-value?

Diffusion
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Signal without Variance of the b-value Diffusion
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An ensemble of diffusing spins will

A
A
accumulate different amounts of phase.

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

Movies courtesy of Kévin Moulin




Diffusion — b-value [s/mm?Z]

S = S()G_bD

4 Free Diffusion

. Dyo = 3.0x10™° mme/s at 37°C ’
— After 50 ms
« ~32% of spins =17pm in 50 ms
+ ~5% of spins reach >34 pm!
— For b-value = 1000 s/mm?2
- Water signal attenuated 95%! ~

Example from LeBihan PLoS 2015 O
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Diffusion — b-value [s/mm?Z]

S = S()G_bD

A

. Dyo = 3.0x107 mmz/s at 37°C 1 Free Diffusion

— After 50 ms
* ~32% of spins =17pum in 50 ms
+ ~5% of spins reach >34 pm!

— For b-value = 1000 s/mm?2
« Water signal attenuated 95%!

Example from LeBihan PLoS 2015 O D < DH2 O
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Diffusion — b-value [s/mm?2]

« 1000 s/mm2 is typica

. Why?

— For D=700 mm2/s, S/S0~50%.
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Diffusion Coefficient

Tissue [106 mm2/s]
White matter 670-800
Deep grey matter 700-850
CSF 3000-3400
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How do we acquire diffusion weighted images”
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