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Quantitative Neuroimaging - Biomarkers:
Do we need all this information ?
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> Dementias
Alzheimer’s
ular dementia (17%)
d dementia (10%)
dementia (4%)
Other rar of dementia (3%)
Frontotemporal dementia (2%)
Corticobasal degeneration
Creutzfeld-Jakob’s
» Multiple S

> Parkinson’s e dementia

Role of Quantitative Neuroimaging in the
Evaluation of Alzheimer’s Disease

** MRI-based measurements of brain atrophy are regarded as valid
neuroimaging biomarkers of the state and progression of Alzheimer's

disease.

Rates of whole-brain atrophy have been estimated at 1.4-2.2% per year
in Alzheimer patients, whereas the rates of atrophy during normal
aging usually do not exceed 0.7% per year.

This atrophy can be quantified, by automated segmentation of the
brain parenchyma.
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Alzheimer's Disease Diagnosis: amyloid-PET

Percent positive

Stereotactic Surface Projection (SSP)

Role of Quantitative Neuroimaging in the
Evaluation of Alzheimer’s Disease

Atrophy of the hippocampus is also a valid biomar

cognitive impairment (MCI) and Alzheimer’s disease progr

The rate of atrophy varies from 3 to 6% per year in Alzheimer’s di
whereas it is limited to 0.3—2.2% per year in normal aging.

Although visual rating scales or the manual outlining of the hippocan
can be used, automated software programs, reduce the interaction
time and increase the reliability of the measurement.

A harmonized protocol for hippocampal volumetry has been defined
in order to reduce the variability between the stud
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MRI Report including & % = o 2 = 3 _
volumetry Biomarkers for Clinical Evaluation of patients with
Mild Cognitive Impairment (MCI)
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Volumetric MRI

Fluorodeoxyglucose-PET

Frontotemporal Dementia
. (Pick’s Diseage) / : Role of Quantitative Neuroimaging in the
: Tty Evaluation of Multiple Sclerosis

Automated volumetric MR imaging offers an opportunity to extend
brain atrophy measurements to the routine management of Multiple

s (MS) patient: howing regional and whole brain atrophy,
which can be monitored over time.

In MS patients, brain volume loss, specifically of the cerebral cortex
and thalamus, has been correlated with disability progression and

cognitive impairment.

According to reral studies, brain volume loss

measure of widespra tral nervous sys leading to
clinical ase progression, and serves as a useful outcome in
evaluating MS therapies.




Early identification of patients with clinically isolated syndrome (CIS) at high risk of converting

to definite MS is essential in providing timely and appropriate treatment.
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carly Multiple Sclerosis: A
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What else do we need in quantification of MS ?
+* Measures/Volumes of lesion load

< FLAIR hyperintensities

% T1-W (before Gadolinium) “black holes”

< Enhancing lesions
+ New lesions
+¢ Enlarging lesions

toring in order to
< define the dissemination of the disease in space and time

treatment contr

Multiple Sclerosis

MRI in MS

lesions from

to the deep
periventricular white matter in
both  hemispheres.  Multiple
lesions run perpendicular to the
lat
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How many lesions do you count in this MS

’s brain? Count the spots!

# lesions = 23
lesion load = 14.3 ml

y by Wim van Hecke,
median = 16 Icometrix, Belgium

Multiple Sclerosis initial presentation raint ‘ﬂ %II\TP}KHE S
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Quantitative - Volumetric Methods

K S #~ .3D-T1-MPRAGE
Radiological report including Volumetry : /
v

(ADNI protocol)
Supratentorial, there g ense lesions from the subcortical to the deep periventricular SF 2750 AT . 4 (for MS +i.v. Gad)
white matter in both hemispheres, with a total volume in_F ?A»q{:‘r::(-‘»lng 6.9 mi. W38 02 % .3D-FLAIR (for MS)
The of white_matter_hypointens “black_hole W T
measured 3.08 ml_and the volume of enhancing lesions 0.5 ml Multiple les ¥ .3D-T2W

FT 21725 1549

(optional)
3D -SWI (optional)
fMRI (BOLD - optional)
- Diffusion (DTI - optiona
Perfusion MR (optional)

Spectroscopy
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Segmentation Methods may be grouped as:

- intensity-based methods (includ
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ing thresholding,

region growing, classification, and clustering)

- atlas-based methods

» surface-based methods (including active contours and
surfaces, and multiphase active contours)

- manual segmentation

- hybrid segmentation methods
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Segmentation Methods

» Fully Automated Segmentation
« Semi-Automatic Segmentation

» Manual Segmentation

MR o the adult brsin
of three overlapped Gaus
afer app
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mputational and Mathematical Methods in Medicine 2015
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Fully Automated Segmentation - Open Source

- FreeSurfer - Athinoula Martinos Center f
Biomedical Imaging by the Laboratory fi putational
Neuroimaging, Boston, USA

» FSL - Analysis Group, FMRIB, Oxford, UK

» volBrain - IBIME, UPV, Spain and LaBRI UMR 5800,
Université de Bordeaux, CNRS, France
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FSL-Alzheimer’s - - volBrain - Healthy Volunteer
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Fully Automated Segmentation - CE/FDA

® BrainMagix = Imagilys , Brussels, Belgium
C Neuroquant = CorTechs Labs, San Diego, USA

o Msmetrix - Icometrix , Leuven, Belgium
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SurferMagix— Alzheimer’s L FERE O G ) <L ]

n of FreeSurfer, FSL and manual segmentation

» Compared to hand tracing, a 3-D shape analysis of the
hippocampus showed FreeSurfer was more accurate than
FIRST, particularly in the head and tail.

> However, FSL/FIRST more accurately represented the

amygdala shape than FreeSurfer, which inflated its anterior
and posterior surfaces.

» Comment: The newer version of FreeSurfer resolves the

amygdala inflation Neuroimage. 2009 April 15; 45(3): 855-866

Multiple Sclerosis

NeuroQuant — Alzheimer’s
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Initial Presentation Follow-up
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Semi-Automatic Segmentation

® BrainMagix/CE = Imagilys , Brussels, Belgium

o itk-SNAP/Open Source, University of

Pennsylvania and University of Utah, USA

38y1s old fomale

Initial Presentation Monitoring Disease and Atrophy

Discussion (extreme case) - Caution
Automated vs Manual Segmentation




2/10/19

~w # I - J

Manual Segmentation - Open Source

FreeSurfer - Athinoula Martinos Center for Biomedical Imaging by
the Laboratory for Computational Neuroimaging, Boston, USA

FSL - Analysis Group, FMRIB, Oxford, UK Il. Amygdala
xmeo SARL, Bernex, Switzerland
'D with FDA approval)
® itl\-SNAP. University of Pennsylvania and University of Utah, USA

o ImageJ, The Laboratory for Optical and Computational
£)
Instrumentation, University of Wisconsin-Madison, USA

itk-SNAP

Alzheimer’s

Intg
el Name Voxel Count Volume (mm3) ‘("
oot

Hippocampus 3565 3565

e 187.3666224.7322
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Full Automated to Manual Segmentation — Research only

- BrainVoyager, Brain Innovation B.V.Maastricht
The Netherlands
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Normative Curves PDF

Based on a Database of 1770 subjects, normal and patients
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Aphasia,
Non-Fluent
Variant
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Case presentation
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Normal Subject Patient with PPA

P . ;U
- 2 o

Structural/Functional Connectivity of Dementia

Primary Progressive Aphasia, Non-Fluent Variant
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Parkinson’s disease with
Initial Presentation as
Primary Freezing of Gait

Magnetic Resonance Imaging—Based
Volumetry Differentiates Idiopathic
Parkinson’s Syndrome from Multiple System
Atrophy and Progressive Supranuclear Palsy

Jorg

B. Schulz, MD,* Martin Skalej, MD,t R. Lufit Michael Abele, MD,"
Karsten Voigt, MD,t Johannes [ s Klockgether, MD*

Parkinson’s disease with
Initial Presentation as
Primary Freezing of Gait

‘Connectivity of the pedunculopontine nucleus in
parkinsonian freezing of gait

Patrck M. Schweder”, Peter C. Hansen’, Alex L. Greer’,
Gerardine Quaghebeur’, John Stein® and Tipu Z. Azi®
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agi ry differen
sive supranuclear palsy from corticobasal degeneration

Klaus Groschel, Till Karsen Hauser,™* Andreas Lufl,** Nicholas Patronas,

Jobannes Dichgans,  lrene Litvan, and Jog B. Schulz*

Imaging criteria may complement clinical criteria to differenti-
ate Parkinsonian syndrome:
correct diagnosis of akinetic-rigid Parkinsonian syndromes during
lifetime. We extend here our previous report by showing that not
only idiopathic Parkinson’s disease can be separated from MSA
and PSP (Schulz et al., 1999), but also PSP from CBD based on
MRI-volumetry. Although there are genetic and biochemical sim-
ilarities between PSP and CBD, our results argue in favor of|
separate disease entities. Replication in other centers and prospec-
tive studies will show whether the procedures described here will
have clinical applicability.
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Hum Brain Mapp, 2014

nual and
younger and older brains.

© Author information
"Center for Lifespan Psychology, Max Planck Institute for Human Development, Germany.

Abstract
We compared hippocampal volume measures obtained by manual tracing to automatic segmentation with FreeSurfer in 44 younger (20-30 years) and

fower in the older than in the younger age group, which was not the case with manual segmentation. Pearson correlations between manual and
FreeSurfer estimates were sufficiently high, numerically even higher in the younger group, wh

were lower in the young in the older group. yi i than manual particularly in the younger
age group. Importantly, FreeSurfer consistently overestimated hippocampal volumes independently of manually assessed volume in the younger age
group, but overestimated larger volumes in the older age group o a less extent, introducing a systematic age bias in the data. Age differences in
hippocampal volumes were significant with FreeSurfer, but not with manual tracing. Manual tracing resulted in a significant difference between left and
right hippocampus (right > left), whereas this asymmetry effect was considerably smaller with FreeSurfer estimates. We conclude that FreeSurfer

s differenc d ider age groups sho
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Structural/Functional Connectivity

Multiple Sclerosis

. .. for your Attention
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References for QNI of Alzheimer’s disease

, Frisoni et al. The clinical use of structural MRI in Al
Nat Rev Neurol 2010, 6:67-77.

, Frisoni & Jack. Harmonization of magnetic resonance-based manual
hippocampal segmentation: a mandatory step for wide clinical use.
Alzheimers Dement. 2011, 7:171-174.
Kalincik T, et al. (2012). Volumetric MRI Markers and Predictors of
n early Multiple Sclerosis: A Longitudinal Cohort Study. PLoS ONE

Hermoye, Katsaros et al. Quantitative Imaging Biomarker 7(11): 650101
(11): 5010

Software for Neurological Dis RSNA, Chicago 2014.
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