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Multiple Sclerosis

e Motivations

— Global (BICCR)
— Regional (GM, ventricels, lobes)
— L ocal(aroundlesions)
e Clinical trial
— BICCR results

— VBM results

 Deformation modeling




Motivation

e Clinical surrogates of disease burden in MS are




Motivation

* LIInICaI surrogates of disease burden in MS are

MRI shows lesions In vivo
MRI = 10 * clinical activity




MRI activity




MRI shows brain atrophy in MS




Motivation

* LIInICaI surrogates of disease burden in MS are

MRI shows lesions In vivo
MRI = 10 * clinical activity




MRI-based surrogates

— strong correlations with disability
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Methodological Reguirements

Reproducible
Sensitive to change
Accurate
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Data acquisition iISSUes

 Resolution requirements
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— Short acquisition to minimize motion artifacts




ICCR: Brain to IntraCranial Capacity Ratio
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Measuring Changes in Brain Velume




BICCR by Age: Normal Controls

Pearson
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» Jernigan (1990)

 aging associatedwith + CSEF, | GM |

(1998) larger loss in men than in
women




SICCR in MS
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Clinical Trial Analysis

Analysis-of PRISM baseline-year 2 ¢
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etection of Regional Atrophy
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Regional GM Quantification - Method




whole brain:
NC>MS, t=4.4,p<.0001
NC > RR, NC >SP, F=12.3, p < .0001

[ NC >RR>SF NC>RR>SP ]

F=21.5, p<.000_ _~ F=16.2,p<.0001
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NC > SP




_ocal atrophy estimation




Longitudinal registration

Skull-based Nor_m-line_ar
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Linear transform Non-linear transform with
Basellne timel, dense deformation field

Apply non-linear transform
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eformation field
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Results-Local Atroph
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What about voxel-based rmac
analysis of groups?

SPM, VBM)




Stereotaxic Space

J. Talairach and P. Tournoux, Co-planar stereotactic atlas of
— the humanbrain:_3-Dimensional _proportional system:—an

approach to cerebral imaging, Stuttgart, Georg Thieme
Verlag, 1988

¢ pased on anatomical tandmarks
(anterior and posterior

originally used to guide blind

ereotaxic neurac l' O
procedures (thalamotomy,
pallidotomy)

now used by NeuroScientific
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Difference images

Year 1-0 Year 2-1 Year 2-0

Treatment2 |fW L0l wieel of . WAl But what is really




\Voxel based morphometry

Volume from scanner to
Talairach space

Concentration

Intensity inhomogeneity correction .
y maomog y map smoothing

Thresholded
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registration

Generalized
Linear modeling ?
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Difference images

Year 1-0 Year 2-1 Year 2-0

Treatment 2




\Voxel-based morphometry




Deformation Modeling and
the I’T]S mni database

LK.a. pretty blobs)




Provides a wealth of preliminary information on

“VBM with a time dimension”




Previously investigative
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— Wright et al,. Neurolmage. 1995
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Human Brain Mapping
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— Ashburner J et al, Human Brain Mapping. 1998

e 090 ,///{L 3D Vector
Ayt ;F‘ ,!L Displacement

— Thompson et al, Cerebral Cortex. 1998
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Thompson et al 2000




— Intensity corrected (N3)

Registration




MS patient progression #1
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MS patient progression #2







Farget creation

 First register all linearly to a
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Once finally in average space..

« Non-linear deformations are computed between
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Deformations for an Individual




Convergent Divergent
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e Top

— — Std transverse determinant

image

A2 framesin 1.57671sec - 52.007{isec
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— Y vs Duration slice
— — ‘7z dimension’is actually
duration
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anging change and
ange progression
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Conclusions

« Ability to follow longitudinal change

e Characterisation and localisation
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— Choice of deformation metric and Interpretation
— A physiological process should be easily inferable




