LECTURE 10
BASIC DTI ACQUISITION



For next Lecture

Please install AFNI
http://afni.nimh.nih.gov/atni/

For help, contact Tom Lesperance at:
tlesperance@ucsd.edu



http://afni.nimh.nih.gov/afni/
mailto:tlesperance@ucsd.edu
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What gradients are doing
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THE BIPOLAR GRADIENT PULSE (GRADIENT ECHO)
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THE BIPOLAR GRADIENT PULSE (SPIN ECHO)
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STATIONARY SPINS IN BIPOLAR PULSE
B(z)
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k-space trajectory

— k — “Phase encoding”
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Frequency encoding



High resolution anatomical acquisition







Basic EPI acquisition

90° TFE /2 180° TE /2 echo
- ) )

. J. +
Gw i

a, CLCCCRERRREREEEEEERRRRL

DAQ



time

\/

DIFFUSING SPINS IN BIPOLAR PULSE
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KEY FACT

Only diffusion along the direction of the
apphied gradient has an effect



DIRECTIONAL DIFFUSION ENCODING

90° TE /2 180° TE /2 echo
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THE B-VALUE
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B-MATRIX
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THE 3D GAUSSIAN DISTRIBUTION:
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ESTIMATING THE DIFFUSION TENSOR

s(bij) =

3D Gaussian diffusion
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A single diffusion-weighting direction




Basic EPI acquisition ...

90° TFE /2 180° TE /2 echo
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... plus diffusion weighting gradients ...

90° TFE /2 180° TE /2 echo
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... gives Basic EPI DTI acquisition!
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EXTENSION TO IMAGING

Because the diffusion weighting does not intertere
with the stationary tissue signal,
we can “imsert” 1t into a
standard 1maging procedure



EXTENSION TO IMAGING
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DIRECTIONAL DIFFUSION ENCODING




DIRECTIONAL DIFFUSION ENCODING
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DIRECTIONAL DIFFUSION ENCODING




DTI voxel signal
from multiple images at
different directions

voxel apparent diffusion coefficient
from multiple 1mages at different
directions



Sampling schemes for angular measurements

Vertices of Platonic Solids




Sampling schemes for angular measurements

Tessellation of the 1icosahedron




Sampling schemes for angular measurements

Tessellation of the 1icosahedron

Not very flexible - only a few fixed (and large!)

number of directions available



Sampling schemes for angular measurements
Electrostatic Repulsion Model

Minimize energy of charged points on a sphere

Very flexible - can choose any number of directions

(This 1s used on the CFMRI GE scanners)



The Shape of (Gaussian) Diffusion

u 1S the measurement direction



What is the meaning of D?

The measured quantity 1s the projection of the ellipsoid
onto the diffusion-sensitized axis

Thus, the measured diffusion coefficient along an arbitrary
direction 1s proportional to the variance of the projection
of the spin displacement onto the measurement axis



The Sampling Vector

u = Rv
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The Apparent Diffusion Coefhicient
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The Shape of (Gaussian) Diffusion

S(b) _ S(O)B_b(d2 sin® +4d; cos® 0)



The Shape of the 2D Diffusion Signal
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The Shape of the 2D Diffusion Signal
Y
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The Apparent Diffusion Coefhicient
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The Apparent Diffusion Coefhicient

1 s(b)
b~ s(0)
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THE SHAPE OF DIFFUSION




The Shape of the Diffusion Signal

Dyw :Dyy 2 Dy, =1:1:10



The Apparent Diffusion Coefhicient
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The Shape of the Diffusion
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Estimating the Diffusion Tensor

tensor dimensions

flogs(bl)\ (Q1:1; ql,y (jlz Ga@ly G2l Q1yd: 1\
] qAQ,a:qu,y @2,:1;@2,;; qAQ,y(jZ,z 1

log s(b2) @5, G5, qu

\log S(bn)) \qn x qA727,,y qu%,z qAn,qul,y qAn,:I;qAn,z qAn,y(jn,z 1/

gradient directions

8
8
/

<
<

I\
I\

8
A\

sESESASESES

\— logy;(()))

b-matriX tensor
¢k = g0 J'th direction
T=A—-46/3



Estimating the Diffusion Tensor

Matrix equation

y=Bd
data

Matrix solution

d= Bty

pseudo-inverse



Reassemble D

reassemble d back into D
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Compute Eigensystem of D

Data gives us:

D =R'D\R
Output Input
A, €] = eig(D)

eigenvalues eigenvectors







Trace of the Diffusion Tensor




Mean diffusivity

since Tr(D) = Tr(D,y)



Mean Diftusivity (MD)




Mean Diftusivity (MD)




Diffusion Anisotropy

Normalize so that max value = 1

by multiplying by +/3/2
and define

Fractional Anwsotropy
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Fractional Anisotropy (FA)




Fraction Anisotropy (FA)

AFNI “overlay/underlay” paradigm

underlay (grayscale) = anatomy

overlay (color) = FA



Diffusion ellipsoid overlay
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Principal Eigenvector

principal eigenvector

The longest eigenvector (i.e., associated with the largest eignvalue)
i1s called the principal etgenvector



Principal Eigenvector

Since the longest eigenvector 1s associated with
the highest diffusion, the principal eigenvector

1s assumed to be 1n the direction of greatest diffusion

P G ity W NN = e o B ™
RS AP S R p—

B o L P

Dxx>Dyy & Dzz




Principal Eigenvector

Since direction of greatest diffusion 1s assumed
to lie along the fiber direction,
the principal etgenvector
1 thus assumed to tell us fiber orientation




Directional Anisotropy Coloring




Maps
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Principal Eigenvector Maps
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Directional Anisotropy Map




Rat brain at 11.7T




Next Lecture



