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Overview:

AWhat is Biomedical Imaging ?
AAustralian eHealth Research Centre and the BiomedIA team.

Almage processing and Analysis we use/develop

AAim: Detect, diagnose, and monitor the progression of diseases
and to evaluate different treatment therapies on disease

Almage processing for Mice and Rats:

A Anatomical and functional characterization of mice and rats.
Almage processing for Plant Phenomics:

A Growth of cotton plants.
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Biomedical Imaging and Phenomics

Biomedical imaging involves the development of novel
Imaging and image post-processing techniques to detect,
diagnose, and monitor the progression of diseases and to
evaluate different treatment therapies on disease.

Biomedical imaging is increasingly being explored and used in
phenotyping (physical and biochemical characterization) of
genetically modified animal (especially mice) and plants.
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The CSIRO BioMedIA team

Commonwealth Scientific and Industrial
Research Organization

C s 1RO ~6800 employees in Australia
|

lomedical Imaging Team (20+)

I — .
I Information & Communication Technology - :
Division (~250) e
he Australian e-Heath '~ ~-=""~-'*"
Research Centre |S5dgl¥ 5} I iR st
Br|Sbane (~50) RIESEARCH CENTREQ L : i_-L |t ;1- i‘_‘. - -
6 scientists, 2 post-docs, 3
software engineers, 6 PhD
students, ~5 students




Brain tumour characterization Neuroimaging for Predicting clinical outcome

using PET and MRI

agei and Al z h e ifrom stroks lesions

e

Prostate radiotherapy Osteoarthritis characterization PET compound screening

usina small rodents
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Example Study:

Alzheimer Imaging Biomarkers and Lifestyle longitudinal study

Goal: Identify biomarkers that allow the early prediction and
monitoring of changes associated with the development of Mild

Cognitive I mpairment (MCI) and Al
Australian study funded by CSIRO (~10M$) Genetics and/or
A Cohort of 1000 participants (age > 60 years) env;rortlmrental
A AD, MCI and normal elderly controls (NC) actors
Demographics and clinical evaluation (1000) Increased
A Age, gender, education, ' ter,AlethCé
ANeuropsychol ogical scor esg CDR, CMSé.
Biomarker analysis (1000) Deposition

ABl ood Examination: Erythr couortu'At‘bA'ZHaem
AClinical .Chemlstryf prea tf\leuroybrlltangles

Alron studies: Ferritin, errin
A Genotyping: Apo-E

(8 | (¢ Cell death
Imaging study (~ 250, 60% Melbourne, 40% Perth) k
A PET (PiB)
A MRI (T1W, T2W/PDW, DWI, FLAIR, GRE, SWI) Dementia
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AX-rays, Ultrasound.

AOptical.

AComputed Tomography.
APositron Emission Tomography.
AMagnetic Resonance Imaging.
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The CSIRO BioMedIA team:
What Image Analysis we do in our lab

Almage Artifact Correction.
A Attenuation correction, Partial volume correction, noise etc.
A Automatic Segmentation and Registration.

PiB: original PV corrected
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The CSIRO BioMedIA team:

What Image Analysis we do in our lab

Almage Artifact Correction.
A Attenuation correction, Partial volume correction, noise etc.

AAutomatic Segmentation and Registration. Template and tissue prior probabilities

o

Classification GM

CSF

Calculate means and

Markov random ] ) variances
field Bias field
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The CSIRO BioMedIA team:

What Image Analysis we do in our lab

Almage Artifact Correction.
A Attenuation correction, Partial volume correction, noise etc.

AAutomatic Segmentation and Registration.

Hippocampus

Amygdala
MRI and 12 Deep GM Surfaces

G



I

The CSIRO BioMedIA team:

What Image Analysis we do in our lab

Almage Artifact Correction.
A Attenuation correction, Partial volume correction, noise etc.

AAutomatic Segmentation and Registration.
AFeatures Extraction and classification.

AQuantitative Analysis.
Afrom Morphological, functional or molecular based imaging.

Rw

Mnatomy Admyloid deposit JMvenous tree AVhite matter lesions VM connection

T

Imaging biomarkers
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The CSIRO BioMedIA team:

What Image Analysis we do in our lab

L |ONC
B MCI
O AD

AAL atlas Colin27
template



The CSIRO BioMedIA team:

What Image Analysis we do in our lab

Almage Artifact Correction.
A Attenuation correction, Partial volume correction, noise etc.

AAutomatic Segmentation and Registration.
AFeatures Extraction and classification.

AQuantitative Analysis.
AUsually Morphological, functional or molecular based imaging.

APopul ati on characterization (natu
osteoarthritis etc).
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Cortical thickness Amyloid Plaques Statlstlcs

(obtained from MR) P|B PET ~o0 p>oos
N s Figure: Slgnlflcance Map of the
difference in shape of the hippocampus
between Normal and Alzheimer subjects
(120 cases ADNI dataset) ‘“m
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Statistical model that represents the way PiB PET signal varies across the

population (PCA)

Post mortem analysis: Healthy | Severe 4||i|l|i
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The CSIRO BioMedIA team:

What Image Analysis we do in our lab

Almage Artifact Correction.
A Attenuation correction, Partial volume correction, noise etc.

AAutomatic Segmentation and Registration.
AFeatures Extraction and classification.

AQuantitative Analysis.
AUsually Morphological, functional or molecular based imaging.

APopul ation characterization (natu
osteoarthritis etc).

A Detect temporal changes (tumors, stroke etc).

Thinning of the
cortical GM
above the stroke

6 months 12 m”onths !lsmu



Applications: ANSTO LifeSciences

AMost of the approaches developed do extend to animal
studies...

ARodent, dog, primate etc.

AANSTO LifeSciences: Ligand development.
ADi Xiao (CSIRO) and Marie Gregoire (ANSTO)

Aln vivo imaging is used for two different applications:

A Complementary to bio-distribution studies by adding information about
the fine spatial distribution within a structure of interest which may not
be easily dissected.

A Follow-up of small animal disease progression and/or recovery.

A CT image resolution 0.22x0.22x0.22 mm (30 i 60 mins)
A PET image resolution 0.29x0.29x0.80 mm (2 hrs)
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Image Processing for Mice Phenomics:

Mice and Rat Phenomics

AProvide a pre-clinical tool to identify new imaging agents (PET
ligands) and assess effectiveness of therapy of diseases using
anatomical and functional information (pharmacokinetic
analysis).

AMouse micro-CT (anatomy) and PET images (functional).
AReconstruct kinetic parameters fr
AFuture work: Morphological analysis.

Rodent CT }
mages Anatomy
Rodent PET Functional
Images

)
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Image Processing for Mice Phenomics:

MILX WB-BOSSA plug-in

/ MILX WB- \
BOSSA plug-in

A Developed by
Biomedical Imaging
Group, AEHRC, CSIRO

MilxView software

and Imaging group,
wfe Sciences, ANSTy

Developed by Biomedical Imaging Group, AEHRC, CSIRO (www.aehrc.com)
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BioMedIA Lab MilxView
File Mesh Analysis Image View Registration Validation Window Help RodentImaging
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Image Processing for Mice Phenomics:

Approach: Idea

Atlas (Digimouse)
Pre-process CT, Extract gross Attp://neuroimage.usc.edu/Digimouse.html

anatomy and register organs.

AMain organs from an Atlas are mapped
to the subject and used to guide each
organs segmentation

l Organ

Rodent CT } Skeleton,
Images lung, skin

quent PET } Tumor & other
images bio-info
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Image Processing for Mice Phenomics:
Approach - overview

[Skm extraction [ Surface atlas }
ess{ Lung | Head )
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Spine
Skeleton L )
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Image Processing for Mice Phenomics:

Pre-processing (skeleton extraction)

Denoising _, | Thresholding Meshing
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Image Processing for Mice Phenomics:

Pre-processing (skeleton processing)

Remove
sensor

/ Segment \

v

Major For body
skeleton skeleton

Hind body
skeleton

Mesh analysis and search methods. ‘mm’



