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La proposition en bref  

Titre de la thématique de collaboration: Objective Medical Image Methods Evaluation for 
Neurological and Neurosurgical Procedures (Evaluation objective de méthodes en imagerie 
médicale appliquées aux procédures neurologiques et neurochirurgicales) 
Descriptif  :  
One important research objective in neuroimaging is to create anatomical and functional cerebral maps under 
normal and pathological conditions. The goal of this INRIA associated project-team proposal is to combine the 
respective research efforts in clinical neuroinformatics of the VisAGeS and IPL teams, and thus benefit from the 
resulting cross-fertilization. We aim at addressing specific aspects of medical image processing for the purpose 
of neurological disease analysis and their treatment through surgery. Both teams have significant experience in 
developing medical imaging software aimed at: 
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 improving neurosurgical practice through pre-operative planning, intra-operative guidance and 
imaging of brain deformations; 

 improving neurological exploitation of the spatio-temporal and multiparametric MRI data produced 
in the context of brain diseases (e.g. multiple sclerosis -MS- lesions); and 

 improving basic understanding of brain anatomy and cerebral function by using computerized 
procedures to model their relationship, especially in the context of the effect of pathology on brain 
structures (e.g. epilepsy, dementia, neurodegenerative diseases). 

Through this project, the two teams will share their own, but complementary, expertise by distributing 
algorithms and data dealing within the clinical needs described above, in order to compare and cross-validate the 
different procedures developed at each site; then improve on the excellence and efficiency of these procedures. 

  

Présentation de l'Équipe Associée

1. Présentation du coordinateur étranger  

Voir fichier joint.

2. Historique de la collaboration  

• 2.1. entre les équipes :  

Voir fichier joint 

• 2.2. entre l'INRIA et l'organisme partenaire :  

Rien avec l’institut neurologique de Montreal. Une équipe associée (Appel d’offre 2002) « McGill-
ISA » sur le « calcul de visibilité » entre le projet ISA, INRIA Lorraine et le laboratoire de géométrie 
algorithmique de l’Université McGill. Quelques autres projets avec l’Université Mc Gill dans le cadre 
du programme Fonds France-Canada, Appel 2003 (projets Miro resp. O. Zendra, Odyssee, resp. R. 
Deriche) 

3. Impact :  

Voir fichier joint 

4. Divers : 

Voir fichier joint 

 
 

II. PREVISIONS 2006 

Programme de travail 

Voir fichier joint 
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Budget prévisionnel 2006 

Voir détails dans fichier joint et fiche financière jointe 

1. Co-financement  

ESTIMATION PROSPECTIVE DES CO-FINANCEMENTS
Organisme Montant 

 FCAR team grant: Biomedical Imaging analysis CAD$45 000/year 
 NIH1: Human Brain Mapping supplement CAD$50 000 per year 
 NIH2 operating grant Neuroimaging 
Neuroinformatics CAD$42 000 per year 

 CIHR1 Operating grant Quantification of 
cerebral atrophy in multiple sclerosis CAD$104 551 for year 1 

 CIHR2 Operating Grant Image-guided 
neurosurgery: Improving guidance during spinal 
surgery 

CAD$154 000 for year 1 

NSERC Operating grant Non-linear registration 
and image processing for neuro-surgical atlasing CAD$35,000/year 

Total CAD$430,551 

2. Echanges  

Voir fichier joint 

ESTIMATION DES 
DÉPENSES  Montant 

  Nombre Accueil Missions Total 
Chercheurs 
confirmés  6  2 4   16 350 €  

Post-doctorants  2 1 1   8 907 €  
Doctorants  4  1  3   10 769 €  
Stagiaires          
Autre (précisez) : 
Serveur Calcul         15 000,00 €  

Total         
    - total des co-financements 25 693,00 €  

    Financement "Équipe Associée" 
demandé 25 333,00 €  

Remarques ou observations : 
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PROPOSAL FOR THE 2005 INRIA ASSOCIATED PROJECT-TEAMS PROGRAM 

NeurOMIMe: Objective Medical Image Methods Evaluation for 
Neurological and Neurosurgical Procedures 

Partners: 
France: VisAGeS Project, INRIA, Rennes 
Canada: Image Processing Laboratory (IPL), Brain Imaging Center (BIC), Montreal 

Neurological Institute (MNI), McGill University, Montreal 
 
Principal Investigators: C. Barillot (VisAGes), D.L. Collins (IPL, MNI, McGill) 
Co-Promoters:  VisAGeS: B. Gibaud, P. Hellier, P. Jannin, X. Morandi, S.P. Morrissey, S. Prima 
 BIC: D. Arnold, S. Duchesne 
 

1 Goal and Rationale 
One important research objective in neuroimaging is to create anatomical and functional cerebral maps 
under normal and pathological conditions. Much research is aimed at finding correlations between 
anatomical structures, such as sulci and gyri, at the site of neuronal activation, with cerebral functions as 
assessed through various neuroimaging modalities, such as PET (Positron Emission Tomography), fMRI 
(Functional Magnetic Resonance Imaging), EEG (Electro-EncephaloGraphy) and MEG (Magneto-
EncephaloGraphy). A central problem inherent to the formation of such maps is the combination of 
recordings from different modalities, different times and different subjects. This mapping can be greatly 
facilitated if one uses MR anatomical brain scans with high spatial resolution as a basis for comparison 
allowing improved visualization of fine anatomical structures (sulci, gyri, cerebral tracks). Recent 
improvements in image processing techniques, such as segmentation, registration, delineation of the 
cerebral cortex, modelling of anatomical structures and multi-modality spatio-temporal fusion make 
possible reaching this ambitious goal in neuroimaging. Anatomical and functional maps have numerous 
applications in other research areas, as both clinical and cognitive neuroscience share similar imaging 
requirements. Since the applicative domain is generic, our major contributions will be directed toward 
clinical needs, even though our work can be applied to address specific aspects related to the 
neuroscience domain. 

1.1 Motivation 
The goal of this INRIA associated project-team proposal is to combine the respective research efforts in 
clinical neuroinformatics of the VisAGeS and IPL teams, and thus benefit from the resulting cross-
fertilization. We aim at addressing specific aspects of medical image processing for the purpose of 
neurological disease analysis and their treatment through surgery. Both teams have significant 
experience in developing medical imaging software aimed at: 

 improving neurosurgical practice through pre-operative planning, intra-operative guidance and 
imaging of brain deformations; 

 improving neurological exploitation of the spatio-temporal and multiparametric MRI data 
produced in the context of brain diseases (e.g. multiple sclerosis -MS- lesions); and 

 improving basic understanding of brain anatomy and cerebral function by using computerized 
procedures to model their relationship, especially in the context of the effect of pathology on 
brain structures (e.g. epilepsy, dementia, neurodegenerative diseases). 

Through this project, the two teams will share their own, but complementary, expertise by distributing 
algorithms and data dealing within the clinical needs described above, in order to compare and cross-
validate the different procedures developed at each site; then improve on the excellence and efficiency of 
these procedures. This workbench will be first tested in the context of three main neurological 
applications: 

 Study of brain deformations in neurosurgical procedures involving open craniotomies; 



 Study of MS lesions; 

 Study of normal and pathological brain structures via computational anatomy;  

In practice, this program will be guided for the first year by the long term visit of Pierre Hellier (VisAGeS) 
at IPL/MNI in 2006 and by Simon Duchesne (IPL/MNI) at VisAGeS in 2006-2007. Other bi-lateral visits 
from regular researchers, post-doctoal and Ph.D. students are foreseen. Additional support from INRIA 
will be provided by our Canadian partner through local grants. We expect to organize a shared workshop 
in the third year of this project, one possibility being to propose a specific session at the 2007 or 2008 
edition of the largest international conference in this domain, MICCAI. 

1.2 Neurological and Neurosurgical Applications 

1.2.1 Study of neurosurgical procedures involving open craniotomies 

Nowadays, neuronavigation systems make it possible to register the patient anatomy during the surgical 
procedure with the pre-operative images. Therefore, the surgical planning can be used during the 
procedure and eventually superimposed on the patient (augmented reality systems). Unfortunately, the 
hypothesis of a rigid transformation that is used by the current systems only holds at the beginning of the 
procedure. Brain deformations (also called brain shift) during surgery occur and degrade the efficiency of 
such systems: deformations up to 20 mm have been measured. 

The two teams have developed expertise in fields involved in this project, among which: acquisition and 
reconstruction of 3D freehand ultrasound, image restoration, segmentation of cortical sulci, statistical 
shape analysis and non-rigid image registration. The collaboration will benefit from these expertises and 
beyond lead to elaborated methods to correct intraoperative brain deformations.  

1.2.2 Study of Multiple Sclerosis lesions 

Multiple sclerosis initially presents as a clinically isolated syndrome (CIS) such as optic neuritis, isolated 
brainstem or spinal cord syndromes in 85-90% of patients. Sixty to eighty percent of patients presenting 
with CIS suggestive of multiple sclerosis who have MRI-visible brain lesions go on to develop clinically 
definite multiple sclerosis1,2. However, while lesions are associated with the development of MS, there is 
only limited relationship between lesion accrual and subsequent disability. This may reflect pathological 
heterogeneity within lesions, with variable effects on nerve conduction and clinical function. Axonal and 
neuronal damage have become the focus of significant attention3, , ,4 5 6 and may be more salient when 
considering long-term outcomes, with atrophy measures potentially acting as a more specific marker of 
such pathology than lesion volume measures7: this is supported by the observation that in multiple 
sclerosis, atrophy of the brain and spinal cord is more noticeable with increasing disability. 

As explained below the two teams have already developed expertise in this field, and through this close 
collaboration, our goal is to investigate new potential biomarkers from large longitudinal MRI data bases, 
especially the one related to the atrophy of the brain. 

1.2.3 Study of normal and pathological structures via computational anatomy 

Developing methods to quantitatively assess the effects of pathology on brain structures is a critical area 
of research with applications in etiology, diagnosis and therapy. We will have two fundamental objectives 
within this domain. First, to compare and evaluate methods dedicated to the construction of anatomical 
and functional brain atlases in the context of functional mapping in pre-surgical planning, as well as the 
study of brain diseases (epilepsy, dementia). Second, to find new descriptors to study the brain anatomy 
and/or its function (e.g. variation of brain perfusion, evolution in shape and size of an anatomical structure 
in relation with pathology or functional patterns, computation of asymmetries).  

                                                 
1 Brex PA et al., N Engl J Med.;346(3):158-64, (2002) 
2 Beck RW et al., Arch Ophthalmol: 121(7):944-9. (2003) 
3 Trapp BD  et al., N Engl J Med : 338:278–285, (1998) 
4 Bjartmar C et al., Curr Opin Neurol.: 14(3):271-8, (2001) 
5 Bjartmar C et al., Neurology : 57(7):1248-52, (2001) 
6 Cifelli A, et al., Ann Neurol. : 52(5):650-3, (2002) 
7 Miller DH et al., Brain : 125(Pt 8):1676-95, (2002) 



2 Identification of the foreign partner 
The proposed research will be conducted in collaboration with the McConnell Brain Imaging Centre (BIC) 
of the Montreal Neurological Institute and Hospital (MNI/MNH) at McGill University. The MNI at McGill is 
one of the most famous institutions worldwide in the domain of clinical and cognitive human 
neuroscience, especially when dealing with non invasive imagery (PET, MRI). The MNI houses 27 
research units and shares a building with the MNH, a 80-bed tertiary care neurological hospital. The BIC 
is comprised of several laboratories: the MRI, MRS, positron emission tomography (PET), and the Image 
Processing Laboratory (IPL). The BIC shares two whole body MRI scanners dedicated to research: (i)  a 
Siemens 1.5T system with EPI capability (upgraded in 2003) and (ii) a Siemens 3.0T Trio scanner 
installed in September 2005. The IPL has an ATL HDI 5000 ultrasound scanner also dedicated to 
research. Within the BIC, the IPL investigates neuroscientific applications of three dimensional (3D) digital 
image processing methods using Silicon Graphics imaging computers and personal computers 
interconnected with the imaging scanners via an Ethernet network. The IPL group has considerable 
experience in image guided surgery research and works closely with the Neurosurgical Research Unit of 
the MNI/MNH. 

3 History of the collaboration 
The collaboration between the VisAGeS project-team and the Brain Imaging Centre at the Montreal 
Neurological Institute (MNI) started 14 years ago when Christian BARILLOT first visited the MNI in 1991, 
followed shortly thereafter by a visit from Alan C. EVANS and Louis COLLINS in Rennes in 1993. These 
led to the arrival of Louis COLLINS as a post doctoral fellow (PDF) with Christian BARILLOT in 1995 and 
1996 through a specific grant from HFSPO, effectively launching the collaboration before the two 
institutions. The major joint research topic at the time was the use of cortical landmarks for constraining 
non rigid deformation procedures (with the ANIMAL software) [1]. This exchange was continued by the 
long term PDF visit of G. LE GOUALHER (former PhD student of C. BARILLOT) at MNI/McGill from 1997 
to 1999, to model cortical sulcal ribbons of normal brain among individuals (computational anatomy 
domain) [2-4]. From 1998 to 2001, an international project for comparison and validation of non-rigid 
registration procedures was supported by a grant from the GIS “Sciences de la Cognition”. The VisAGeS 
team was designated as principal investigator for this project, and Montreal was a full partner [5, 6]. In 
2001, Xavier MORANDI spent a one-year sabbatical within the IPL/BIC with Louis COLLINS to integrate 
and test 3D ultrasound in neurosurgical procedures for brain shift correction [7]. From 2001 to 2003, 
Sylvain PRIMA was a PDF under the direction of Louis COLLINS at IPL/BIC to research selective 
detection of MS lesions using robust statistical procedures [8-10]. More recently, Berengère BROCHE, a 
former PhD student of B. GIBAUD, has started a PDF under the direction of Louis COLLINS at the 
IPL/BIC to improve the BrainWEB MRI/fMRI simulator.  

4 Provisional Scientific work program 
The scientific program will be centered on the three major applications addressed above. Applications 
within image-guided surgery and multiple sclerosis will be investigated first. 

4.1 Study of neurosurgical procedures involving open craniotomies 
Concerning image-guided neurosurgery, our program will first consist in setting a common framework to 
evaluate the correction of brain deformations. Questions are numerous: was the lesion removed? Were 
brain deformations accurately estimated during surgery? How accurate was the information given to the 
surgeon during surgery? What is the impact of brain deformation correction on the clinical outcome? It is 
unlikely that these questions will be solved during this project, but setting an evaluation framework 
constitutes a first attempt to do so. 

A common evaluation framework will make it possible to compare various techniques that have been 
developed by both teams on the same basis. The evaluation framework is difficult to design, for both 
technical and ethical issues. It should encompass anatomical images (before and after surgery), and 
functional images (before and after surgery). 

4.2 Study of Multiple Sclerosis lesions 
Relatively little investigation of brain atrophy has been undertaken in patients in the earliest stages of MS 
disease. Studies at the early stage of disease have potential to identify prognostic markers and 
techniques for therapeutic monitoring and may provide insights into disease pathogenesis. In previous 



studies in patients with CIS, progressive ventricular enlargement was detected over one year in those 
with an abnormal MRI8,9. A recent study10 in CIS with a follow-up of three years addressed the questions 
of location of early brain atrophy, the relationship of early brain atrophy, both global and tissue specific, to 
the development of multiple sclerosis, and the relationship of early brain atrophy to focal lesion load 
measures. The findings suggest that progressive grey matter, but not white matter, atrophy is seen in the 
earliest clinically observable stages of relapse onset MS, and this is only moderately related to lesion 
accumulation. Another recent MRI study11, looking at the same patients as Dalton et al. but in addition 
addressing the role Gd-enhancement in relation to global and regional atrophy, could not detect a direct 
relationship. 

Over the years, the Montreal Neurological Institute (MNI) has established a large collection of 
longitudinal, multi-sequence of MRI data of patients with Multiple Sclerosis (MS). It also developed 
automated image processing methods and pipelines to analyse these large MRI datasets and compute 
markers related to MS, such as the lesion volume and number [11] and global brain atrophy [8, 12]. At 
IRISA, we developed new methods to detect and measure MRI intensity changes over time using series 
of multi-sequence MR images, and these changes have been linked with the disease progression in MS 
[8-10, 13]. A longitudinal approach to measure brain atrophy opens a new window to detect and quantify 
atrophy in specific brain areas, such as the white matter or the grey matter, but also its regional 
distribution. With this kind of approach in combination with algorithms of the MNI on their extensive 
databases we expect to detect correlations between local/regional atrophies and focal lesions as 
measured on different MR sequences (e.g. especially T1-weighted with and without Gadolinium 
enhancement). 

4.3 Study of normal and pathological structures via computational anatomy 

The specific purpose of this research will be to improve the quality of pre-surgical evaluation for 
intractable temporal lobe epilepsy (TLE) patients. At present, surgically implanted 
electroencephalography (SEEG) remains the gold standard for localization of the seizure focus and 
resection target. MRI is used to facilitate the planning, mostly via volumetric measurements of the 
hippocampus. There have been recent advances however in computational anatomy showing that 
structural MRI could play a larger role in the pre-surgical evaluation of these patients. 

The goal is to complete a unified statistical framework for the high-dimensional analysis of multi-modality 
data to support the lateralization of seizure focus in TLE. Two objectives are proposed: (1) extend the 
mono-modality high-dimensional technique developed by Simon DUCHESNE (graduate of IPL/BIC under 
Louis COLLINS, visiting VisAGeS as a PDF in 2006 and 2007) to accommodate co-registered, multi-
modality data (T2-weighted MRI, inter-ictal SPECT) in a single statistical framework; and (2) test this 
technique on real patient data first retrospectively, and then prospectively, comparing to available SEEG 
results. The proposed methodological framework will increase the comprehension of structural damage in 
TLE, its therapeutic follow-up and pre-surgical planning.  

5 Exchange of researchers 

5.1 Long term visits 

Pierre HELLIER will be visiting the IPL/BIC in 2006 under an INRIA sabbatical grant. This visit will focus 
on the image-guided surgery part of this proposal. 

In 2006, Simon DUCHESNE, graduate of the IPL/BIC and supervised by Louis COLLINS, will be starting a 
one to two year PDF visit at the VisAGeS project team under a “Fond de la Recherche en Santé du 
Québec / INSERM” scholarship. The main goal of his stay will be to address the computational anatomy 
research objectives detailed above, and to validate technological advances with Rennes clinicians in 
epilepsy surgery; in turn, the technology will be shared with the IPL/BIC and the epilepsy group at the MNI. 

                                                 
8 Brex PA et al., Neurology: 54(8):1689-91, (2000) 
9 Dalton CM et al., J Neurol Neurosurg Psychiatry: 73(2):141-7, (2002) 
10 Dalton CM et al., Brain : 127:1101–1107, (2004) 
11 Tiberio M et al., Neurology : 64(6):1001-7, (2005) 



5.2 Short term visits 
Research staffs from both team and their PhD students related to the proposed research topics will share 
short term visits (1-2 weeks each) for making specific advances on the different research topics and 
making diffusion of knowledge through specific local courses and tutorials. 

6 Meetings, Workshops and conferences 
We expect to organize a shared workshop in the third year of this project. One possibility would be to 
propose a specific session at the Medical Image Computing and Computer Assisted Intervention 
(MICCIA) conference in 2007 or 2008. MICCAI is the largest international conference in the domain of 
medical image processing, medical robotics and computer assisted intervention. 

7 Education 
We expect to take advantage of the different visiting periods of staff from both teams to organize specific 
courses on research topics addressed by this proposal; these courses and tutorials will be freely open to 
the local scientific and student community, in both medical and computer sciences fields. 

8 Budget and Co-financing 
Concerning the proposed research project, the IPL/BIC partner already has several research grants 
which could be partly used to support the association (e.g. for travelling and visiting periods). Here is a 
non exhaustive list of such grants: 

• FCAR team grant: Biomedical Imaging analysis K. Siddiqi, D.L. Collins and B. Pike 2003-2006, $45 
000/year.  This grant supports development of new registration algorithms and DTI processing. This 
grant will concern the topics “Computational Anatomy” and “Multiple Sclerosis” 

• NIH1: Human Brain Mapping supplement Computational anatomy and visualization D.A. Rottenberg, 
D.L. Collins, C. Davatzicos and J. Stern 2003-2005, my share $50 000 per year. This grant supports 
the development of a gold standard anatomical landmark database for validation of multiple non-
linear registration algorithms. This grant will concern the topics “Computational Anatomy” and “Image-
Guided Surgery” 

• NIH2 operating grant Neuroimaging Neuroinformatics A.C. Evans, G.B. Pike, D.L. Collins, and K. 
Worsley 2002-2006, my share $42 000 per year.  Supports development of new digital brain 
phantoms for BrainWeb. This grant will concern the topics “Computation Anatomy” and “Multiple 
Sclerosis” 

• CIHR1 Operating grant Quantification of cerebral atrophy in multiple sclerosis D.L. Collins 2003-
2006, $104 551 for year 1.  Supports development of tools for the analysis of global, regional and 
local atorphy in MS ; also supports work in lesion detection. This grant will concern the topic “Multiple 
Sclerosis” 

• CIHR2 Operating Grant Image-guided neurosurgery: Improving guidance during spinal surgery D.L. 
Collins and B. Goulet 2005-2009, $154 000 for year 1.  Main source of support for development of 
computerized tools for IGNS. This grant will concern the topic “Image-Guided Surgery” 

• NSERC Operating grant Non-linear registration and image processing for neuro-surgical atlasing 
D.L. Collins, 2001-2006, $35,000/year. Supports development of non-linear registation tools used to 
align histology with MRI data to build anatomical atlases. This grant will concern the topics “Image-
Guided Surgery” and “Computation Anatomy” 

Additionally, the following individuals have secured financial support: 

 Pierre HELLIER, sabbatical grant from INRIA for a one year collaboration at the IPL/BIC; 

 Simon DUCHESNE, FRSQ/INSERM scholarship for a multi-year post-doctoral fellowship at the 
VisAGeS project team; 

9 Added value of the collaboration 

The problem addressed in this collaboration proposal is very relevant with respect to the clinical, 
theoretical and industrial challenges of medical applications of neuroinformatics. As an illustration, the 



recent announcement of the OECD on launching a global scientific research project to improve 
understanding of human brain12 gives an example of the importance of this domain and how a better 
understanding of the human brain (at normal or pathological stages) could lead to breakthroughs in the 
prevention and cure of nervous system disorders, as well as developing or validating new treatments 
(drugs, interventional procedures, …). Both of our teams share the same vision of this domain, namely 
addressing the problem of managing large data repository (local or distributed), developing computational 
models of brain anatomy and function, developing new modelling and analysis tools on brain images, 
participate to the development of new standards, and software tools to facilitate interoperability across 
multiple computing platforms. These issues are of great importance and they fit one of the major scientific 
objectives of INRIA in the upcoming years. Both of our teams believe that this collaborative grant will be a 
starting point of more durable funding of our joint research in clinical neuroinformatics. In addition, 
concerning INRIA, this project will have additional outcomes on developing collaboration with other INRIA 
research teams such as EPIDAURE Project for the concern of Multiple Sclerosis, or ODYSSEE Project 
for the concern of computational models in Epilepsy. 
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