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Quantitative Neuroimaging - Biomarkers: 
Do we need all this information ?

Why ? ? ?

Personalized
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Medicine
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Degenerative Diseases of CNS – Dementias 
Classification
Ø Dementias
Ø Alzheimer’s disease (62%)

Ø Vascular dementia (17%)

Ø Lewy’s body dementia (4%)

Ø Frontotemporal dementia (2%)

Ø Corticobasal degeneration

Ø Creutzfeld-Jakob’s disease

Ø Multiple Sclerosis

Ø Parkinson’s disease dementia

Ø Mixed dementia (10%)

Ø Other rare causes of dementia (3%)

Alzheimer's Disease Diagnosis: amyloid-PET

F le isher, A . (2011). U sing  Positron  E m ission  Tom ography  and  F lo rbe tap ir F18 to  
Im age  C ortica l A m ylo id  in  Pa tien ts W ith  M ild  C ogn itive Im pairm en t o r D em entia  
D ue  to  A lzhe im er ’s D isease . A rch ives o f N euro logy, 68  (11), 1404-1411 . 

Stereotactic Surface Projection (SSP) 

Role of Quantitative Neuroimaging in the 
Evaluation of Alzheimer’s Disease
v MRI-based measurements of brain atrophy are regarded as valid 

neuroimaging biomarkers of the state and progression of Alzheimer's 
disease.

v 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. 

v This atrophy can be quantified, by  automated segmentation of the 
brain parenchyma.

Role of Quantitative Neuroimaging in the 
Evaluation of Alzheimer’s Disease
v Atrophy of the hippocampus is also a valid biomarker of mild 

cognitive impairment (MCI) and Alzheimer’s disease progression. 

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

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

v A harmonized protocol for hippocampal volumetry has been defined 
in order to reduce the variability between the studies.
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MRI Report including 
volumetry

80-years-old female

There is volume loss (also 
qualitatively demonstrated) of 
the whole brain, especially of 
the temporal regions and the 
hippocampi, mainly the left, 
which are beneath (<)5% taking 
into account the gender and age 
of the patient, in combination 
with significant dilatation of the 
inferior (temporal) horns of the 
lateral ventricles (>95%), 
findings which are consistent 
with Alzheimer’s disease. 

Biomarkers for Clinical Evaluation of patients with 
Mild Cognitive Impairment (MCI)

Case Courtesy by Dr. S. Bisdas, UCLH, London, UK
and Siemens, Lausanne, CH

Frontotemporal Dementia
(Pick’s Disease) Role of Quantitative Neuroimaging in the 

Evaluation of Multiple Sclerosis
v Automated volumetric MR imaging offers an opportunity to extend 

brain atrophy measurements to the routine management of Multiple 
Sclerosis (MS) patients by showing regional and whole brain atrophy, 
which can be monitored over time.

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

v According to several studies, brain volume loss is an applicable 
measure of widespread central nervous system damage leading to 
clinical disease progression, and serves as a useful outcome in 
evaluating MS therapies.
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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. 

Volumetric MRI data provides measurements of the whole brain, gray and white matter volumes 
can potentially serve as biomarkers for this conversion and provide an assessment an individual’s 
risk of developing clinically definite MS. 

Figure* shows disability 
and volumetric MRI 
parameters in patients with 
CIS and in those 
converting to MS, with the 
dashed lines displaying 
confidence intervals

*Kalincik T, et al. 2012.Volumetric MRI 
Markers and Predictors of disease 
Activity in early Multiple Sclerosis: A 
Longitudinal Cohort Study.

Multiple Sclerosis

What else do we need in quantification of MS ?
v Measures/Volumes of lesion load 

⎆ FLAIR hyperintensities 

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

⎆ Enhancing lesions

v New lesions
v Enlarging lesions
v Monitoring in order to 

⎆define the dissemination of the disease in space and time

⎆ treatment control

MRI in MS

Radiological report:
Supratentorial, there are many
T2-hyperintense lesions from
the subcortical to the deep
periventricular white matter in
both hemispheres. Multiple
lesions run perpendicular to the
lateral ventricles. Moderate
global cortical atrophy. No Gd
enhancing lesions were seen.

Courtesy by Wim van Hecke, Icometrix, Belgium
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How many lesions do you count in this MS 
patient’s brain?

# lesions = 23
lesion load = 14.3 ml

84 Participants
median = 16

Courtesy by Wim van Hecke, 
Icometrix, Belgium

Count the spots!

Multiple Sclerosis initial presentation 

Quantitative - Volumetric Methods

๏3D - T1 - MPRAGE 
(ADNI protocol)  
(for MS + i.v. Gad)

๏3D - FLAIR (for MS)
๏ 3D - T2 W (optional)

๏ 3D -SWI (optional)
๏ fMRI (BOLD - optional) 

๏ Diffusion (DTI - optional) 
๏ Perfusion MRI (optional)
๏ Spectroscopy

๏PET or hybrid PET-MRI 
(if available)
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๏ intensity-based methods (including 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

Segmentation Methods may be grouped as:

Computational and M athematical M ethods in M edicine 2015

For Biomedical Engineers, PhD etc

Computational and M athematical M ethods in M edicine 2015

Segmentation Methods

๏ Fully Automated Segmentation

๏ Semi-Automatic Segmentation

๏ Manual Segmentation

For Medical Doctors

Fully Automated Segmentation - Open Source

๏ FreeSurfer - Athinoula Martinos Center for 
Biomedical Imaging by the Laboratory for Computational 
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

volBrain – Healthy Volunteer
Fully Automated Segmentation - CE/FDA

๏ BrainMagix - Imagilys , Brussels, Belgium

๏ Neuroquant - CorTechs Labs, San Diego, USA

๏ Msmetrix - Icometrix , Leuven, Belgium 
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SurferMagix– Alzheimer’s

Ø 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. 

Ø However, FSL/FIRST more accurately represented the 
amygdala shape than FreeSurfer, which inflated its anterior 
and posterior surfaces.

Ø Comment: The newer version of FreeSurfer resolves the 
amygdala inflation

Comparison of FreeSurfer, FSL and manual segmentation

NeuroQuant – Alzheimer’s

Initial Presentation Follow-up

Multiple Sclerosis
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IcoMetrix - Multiple Sclerosis patients

Initial Presentation Monitoring Disease and Atrophy

24-yrs old female
38-yrs old female

Semi-Automatic Segmentation

๏ BrainMagix/CE - Imagilys , Brussels, Belgium

๏ itk-SNAP/Open Source, University of 
Pennsylvania and University of Utah, USA

Discussion (extreme case) - Caution 
Automated vs Manual Segmentation
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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

๏ Osirix, Pixmeo SARL, Bernex, Switzerland 

(Osirix MD with FDA approval)

๏ itk-SNAP, University of Pennsylvania and University of Utah, USA

๏ ImageJ, The Laboratory for Optical and Computational 
Instrumentation, University of Wisconsin-Madison, USA

Osirix
MD

itk-SNAP

Alzheimer’s
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Full Automated to Manual Segmentation – Research only

๏ BrainVoyager, Brain Innovation B.V.Maastricht
The Netherlands

Case presentation

Normative Curves PDF

Based on a Database of 1770 subjects, normal and patients

Primary 
Progressive 

Aphasia, 
Non-Fluent 

Variant
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Primary Progressive Aphasia, Non-Fluent Variant

2013 2015

Structural/Functional Connectivity of Dementia

Primary Progressive Aphasia, Non-Fluent Variant

PDF
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Parkinson’s disease with 
Initial Presentation as

Primary Freezing of Gait

Parkinson’s disease with 
Initial Presentation as

Primary Freezing of Gait
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Structural/Functional Connectivity 

Multiple Sclerosis

PDF

Take Home Messages
๏ Useful diagnostic tools with more objective results  

๏ Especially in Follow-up/Monitoring of Disease Progression
the volumetric quantification is of utmost importance

๏ Caution - Inspection of Automated Segmentation and if 
needed Manual Segmentation (time-consuming ! ! !) 

๏ Treatment control and clinical trials of drugs
Personalized (Precision) Medicine

Thank you

. . . for your Attention
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References for QNI of Alzheimer’s disease
๏ Frisoni et al. The clinical use of structural MRI in Alzheimer disease. 

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.

๏ *Hermoye, Katsaros et al. Quantitative Imaging Biomarker 

Software for Neurological Disorders. RSNA, Chicago 2014.

References for QNI of Multiple Sclerosis

๏ Radue, EW, et al. (2013). Brain Atrophy: An in-vivo Measure of Disease 
Activity in Multiple Sclerosis. Swiss Medical Weekly. 143: w13887.

๏ Sormani MP, Arnold DL, De Stefano N. (2014). Treatment Effect on Brain 
Atrophy Correlates with Treatment Effect on Disability in Multiple Sclerosis. 
Ann Neurol. 75:43-49.

๏ Kalincik T, et al. (2012). Volumetric MRI Markers and Predictors of disease 
Activity in early Multiple Sclerosis: A Longitudinal Cohort Study. PLoS ONE 
7(11): e50101


