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Medical Imaging and Image Analysis

What we do

* Develop and apply advanced computational tools to turn individual (and populations
of) images into information (imaging biomarkers).

— Accurate and reliable automated image analysis (reduces costs and may improve care),
— provide new insights (Validity, reproducibility and predictive value),
— enables new and improved diagnostics, screening and treatments.

Medical Images IEECRENEIVS Rl I Personalized medicine
= Monitor individuals changes.
" image processing = Patient specific treatments
= registration = Characterize phenotype variability of disease.
= segmentation Hippocampus Volume Vs Age
= pattern recognition Preventing diseases R
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Quantitative Image Analysis
Overview of Neuroimaging Biomarkers we extract
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Hippocampus volume

Atrophy patterns

Tissue contrast
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Quantitative Image Analysis
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Structural MRI: structural changes in
neurodegenerative diseases
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Structural MRI: structural changes in
neurodegenerative diseases

Atrophy compared to Healthy control in early Alzheimer’s disease
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Structural MRI: Volumetric Analysis

Native Space

Group-wise
Registration

Multi-Atlas (N=30) Multi-Atlas (N=15)
Hippocampus Full brain
Parcellation Parcellation
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Structural MRI: Cortical thickness

Cortical Meshing
Thickness
Smoothing
and registration
to template
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Z-score
and report
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Structural MRI (cont.)

1. Pure tissue

- Segmentation
(WM,GM,CSF)
« EMS

GM J LPanIal volume
> classification

T1W-MRI

2. Partial volume _—
classification - ( L.-',]
(WM/GM,GM/CSF)

GMPVC CSFPVC

3. Topology correction
* Homotopic dilation of
WM over GM

4. PV relabelling and frac-
tional content estimation

Initial GM - WM Homotopic GM - WM GM fractional content map

5. Thickness estimation

(Laplacian) 5mm
6. Local smoothing = >
7. Meshing Omm

Thickness map
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CurAIBL: MR Assessment of Neurodegeneration

NOT FOR CLINICAL USE

https://milxcloud.csiro.au

NOT FOR CLINICAL USE MR Quantification Report NOT FOR CLINICAL USE

L SUBJECT: AD Anon REPORT DATE: Thursday 19" March, 2015 e L.
MR Quantification Report AGE: 63.50 MR Quantification Report

SUBJECT: HC Anon REPORT DATE: Thursday 19" March, Anon REPORT DATE: Thursday 19™ March, 2015

AGE: 71.28

Cortical thickness Z-Score map z-score Cortical thickness Z-Score map
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GM volume (mL) Vs Age Hippocampus volume (mL) Vs Age Lateral Ventricular volume (mL) Vs Age (ML) Vs Age Hippocampus volume (mL) Vs Age Lateral Ventricular volume (mL) Vs Age
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( ray Matter Hippocampus Lateral Ventricles A Gray Matter Hippocampus Lateral Ventricles
mmm mL)* 504.9 136 i 506.8 6.2 31
- 95%) normal range [ 39.1 - 636.6] [13.6 - 57.9] g f N normal range  [562.6 - 658.5] 66 - 8.6
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Gray Matter Hippocampus Lﬂ[(!‘ﬂ Ventricles
For evaluation purposes only. S.Ihllpl //mmm»muslmd esiro.au for conditions of use. Software version 1.0 _l'nlvmu»' (mL)* 506.8 6.2 only. See https://curaibl-milxcloud. csiro.au r conditions of use. Software version 1.0
- oy s doos v ot i by hek aveage (5% - 95%) normal range  [562.6 - 658.5] (66 - 8.6] B e e bomaon I g s hicc b ok avazge
Left/Right Assymetry** 0.1%
NOT FOR CLINICAL USE NOT FOR CLINICAL USE
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For evaluation purposes only. See https://curaibl-milxcloud.csiro.au for conditions of use. Software version 1.0
*  Volume is ICV adjusted based on the mean AIBL cohort intracranial volume
** Asymmetry is defined as the difference between the left and right uptake divided by their average

NOT FOR CLINICAL USE
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ITK-SNAP Toolbox
Main Toolbar
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Cursor Inspector

B A
Cursor position (x,y,2):
254 162 68
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Intensity under cursor:

Layer Intensity
MK002-020_T0... B

Label under cursor:
1 Label 1

zoom to fit 162 of 512

zoom to fit 68 of 172
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FLAIR WM
ey lesion segmentation

Paint over:

All labels

Overall label opacity:
23

Segmentation Labels

3D Toolbar

F55 S
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Background

ion MRI:

Diffus
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Diffusion MRI: Background

Diffusion Tensor
Imaging (DTI)
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Diffusion MRI: Background

Colour codes
for orientation
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Diffusion MRI: Background
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Diffusion MRI: Background

* Fibre Orientation Distribution (FOD)
e Constrained sphericaldeconvolution (Tounieretal., 2008)

Tournier, J.-D., et al., 2008. Resolving crossing fibres using ib ) ) istributi
constrained spherical deconvolution: Validation using diffusion- Fibre Orientation Distribution
weighted imaging phantom data. Neuro/lmage 42, 617-625. (FOD)
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Genetic influence on connectivity

* Aims
e To develop new insightsinto braindevelopment

e To understand how our brains workin health,
illness, youth, and old age

e To studythe cerebral cortexand the underlying
neural connectivity, from the structural and
diffusion MR images

e To investigate theinfluence of genes by imaging
monozygotic (MZ) and dizygotic (DZ) twins
e Twin Study
e Queensland Twin IMaging study (QTIM)

e CSIRO and Queensland Institute of Medical
Research (QIMR)

de Zubicaray, G.l., Chiang, M.C., McMahon, K.L., Shattuck, D.W., Toga, A.W., Martin, N.G., Wright, M.J.,
Thompson, P.M., 2008. Meeting the challenges of neuroimaging genetics. Brain Imaging Behav.2,258-263.
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Genetic influence on connectivity: Methods

e Measure the FODs

e Peak amplitude

- 5

,,,,,,
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* Processing/Analysis framework
» Raffeltetal., 2012

Iteratewe

Groupwise

reglstrahon
Preprocessmg

and spherical
deconvolution Fipre Orientation
Distribution (FOD)

Diffusion Weighted
Images

( Group average FOD

in the common space

FOD peak amplitude
of average FOD template

—>

(c)
Find peaks

—>

(d)
Find peaks on FOD
images corresponding
to the peaks of the

group average FOD FOD peak amplitude

of FOD images

Registered FOD images
in the common space

—

1

e)
Inter-subject
statistical analysis

d

A

Test-retest
reliability of
FOD peak

Heritability of
FOD peak
measure

Raffelt, D.,et al., 2012. Apparent Fibre Density: A novel measure for the
analysis of diffusion-weighted magnetic resonance images. Neurolmage

59, 3976—3994.
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Genetic influence on connectivity: Methods

 Diffusiton MR: 94 gradient directionsat b =1159 s/mm?
 Twin cohort

e N=328 subjects (118M, 210F), age 22.7(2.3)

e 71 pairs (N=142, 48M, 94F) of monozygotictwins (MZ) + 90 pairs (N=180,
69M, 111F) of dizygotictwins (DZ)

* Heritability

e ACE model: Additive genetics + Common environment+unique
Environment

FOD=A+C+E
e Heritability Falconer’s formula
B2 = Var(4) h? =2(rviz— pz)
Var(A4) + Var(C) + Var(E£)
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Investigating brain connectivity heritability in a twin study using \!Jc")mrk
diffusion imaging data

Kai-Kai Shen 2, Stephen Rose 2, Jurgen Fripp 2, Katie L. McMahon ®, Greig I. de Zubicaray ¢, Nicholas G. Martin ¢,
Paul M. Thompson ¢, Margaret J. Wright ¢, Olivier Salvado ?
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Genetic influence on connectivity: Methods

* Tractography
e Whole brain, probabilisticusing FOD
* Tract-wise heritability

e Interpolationof heritabilities of nearest peaks
e Tract average heritability
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(a) A tractogram of fiber tracts with average /#* > 0.45.

0.12
0.11
Rigln

[ 0.09

0.07

0.05

(b) mean /4° of fiber tracts connected to each cortical region

Human Brain Mapping
pages 2331-2347,23 MAR 2016 DOI: 10.1002/hbm.23177
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Heritability maps of cortical thickness. From left to right: heritability index
h?, intraclass correlation between monozygotic twins ICCy,, intraclass
correlation between dizygotic twins ICCp;.
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Left Right

Lateral

0.4

0.2
-0.2

—-0.4

Inferior

)

Superior

Medial

The genetic correlation r; between the cortical thickness and white
matter connectivity measured for each cortical region.
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Positron Emission Tomography (PET)

 B-amyloid plaque in Alzheimer’s disease

« PET ""C-PiB has been used as the tracer in many clinical
studies since 2006

Haalthy Alzheimer
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PET: Quantification

Average brain surface

Multi-atlas

Patient specific display on - LO ca | Pa t C h b ase d

average brain surface

N representative atlases with matching PET and MRI
Compute associated N brain surfaces

selection.

6. Display resuits on
brain surf; o .
v e - Bayesian Fusion
5. Normalize by SUVR - Estimated GM
PET RT.MED LT.MED

4. Compute M values of PiB
retention at each surface location,
and fuse them by local weights and
atlas tissue maps

|

New subject PET

1. Register new

::::’;fxs :::,:he gET 3. Select M best -
L atlases for each
iti surface location RT.MED LT.MED
et R
subject PET similarity from PET

0.0

Results:
MR based top
PET only bottom

Zhou et al. (PloS one; Jan, 2014: DOI: 10.1371/journal.pone.0084777)
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CapAIBL: PET Assessment of Neurodegeneration

MiILXCloud:

e CapAIBL: PET quantification
e CurAIBL: MRI

NOT FOR CLINICAL USE

NOT FOR CLINICAL USE
% PET Quantification Report @

PET Quantification Report
JECT: Anon PR3 AMYLOD LOAD SUBJECT: Anon FLORBETABEN 2 AMYLOWD LOAD: HIGH
."";a,‘ sy GLOBAL SUVR.,* : :;'""' TRACER:  16F-Florbetaben OLOBALSUVRyy' : 156
. DATE: Friday 11% Ay, 2014
DATE: Friday 117 &y, 2014
CB-CTX

& &2
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O,

L 3

("" ’."‘ :«,

B RI.MED MED
LT.MED RT.MEC LT.MEDC
Powrior
SUVRG, Orbitafranal  Fronwml z"‘"" Paretal Thmparal  Oedpital SUVRG, Orbitafrancal  Fronml ph Partetal Thmparsl  Ocelpital
73 247 27 206 212 297 131 Mm :: ::; :: :2 :g :
Rigt 277 235 235 219 232 i - 3
Angrumetry ** (%) 1117 e 1188 s ey 17 Asgrumetry ** (%) 477 28 Fr] 168 pe 1248
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NOT FOR CLINICAL USE
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