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Histoire naturelle

Plus de lésions que de phénomènes cliniques (5 à 10 fois plus lésions IRM que poussées cliniques)

Adapted from PK. Stys et al 2012 



SFSEP

Saturday 14 November 1981

NUCLEAR MAGNETIC RESONANCE IMAGING

OF THE BRAIN IN MULTIPLE SCLEROSIS

I. R. YOUNG A. S. HALL

Central Research Laboratories, Thorn-EMI Ltd, Hayes, Middlesex

C. A. PALLIS

G. M. BYDDER
N. J. LEGG

R. E. STEINER

Departments of Medicine (Neurology) and Radiology,
Royal Postgraduate Medical School, Hammersmith Hospital,

London W12 OHS

Summary Ten patients with multiple (MS)

We now present the results of NMR examination of ten

patients MS and compare them with those obtained with CT.

Patients and Methods

Patients

Ten patients investigated in the Department of Medicine

(Neurology) at Hammersmith Hospital were chosen for evaluation.
Eight (patients 1 to 8) fulfilled the criteria for a diagnosis of

"clinically definite" MS suggested by McDonald and Halliday. 
5

Patient 9 fell into their "progressive probable" category and patient
10 into their "early probable" group.
Age of the disease ranged from 18 50 and the
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1/ les lésions ne sont pas 

la source du handicap



SFSEP1. Localisation ?

2. Histologie ?

3. Cicatrisation ?

4. Temporalité ?

5. Comportement du système face à cette lésion ?

6. Exhaustivité ?

1/ les lésions ne sont pas 

la source du handicap

2/ l’information « lésion » n’est pas 

suffisante pour expliquer le handicap 
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Tintore et al. – Neurology 2010 
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Short Report

Cognitive impairment at the onset
of multiple sclerosis: relationship
to lesion location

Françoise Reuter1,2, Wafaa Zaaraoui2, Lydie Crespy2,

Anthony Faivre2, Audrey Rico1,2, Irina Malikova1,2,

Sylviane Confort-Gouny2, Patrick J Cozzone2,

Jean-Philippe Ranjeva2, Jean Pelletier1,2 and Bertrand Audoin1,2

Multiple Sclerosis Journal

0(00) 1–4

! The Author(s) 2011

Reprints and permissions:

sagepub.co.uk/journalsPermissions.nav

DOI: 10.1177/1352458511398265

msj.sagepub.com

Table 1. Demographic and clinical characteristics of the sample

CIS patients n¼ 97 Controls n¼ 55 t-test

Gender (male/female) 20/77 15/40

Age, years (mean$ SD) 31$ 8 28$ 8 n.s.

Education, years (mean$ SD) 13$ 3 13$ 2 n.s.

Disease duration, months (median, range) 5 (1–17) n.a.

EDSS (median, range) 1 (0–2) n.a.
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Verbal learning 

performance:

- Broca’s area

- Right frontal lobe

- Splenium 

Spatial learning 

performance:

- Deep white matter

No correlation between total lesion & cognitive performances

2011
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Moelle épinière

• Lésions et atrophie principalement au niveau de la moelle

cervicale

• Existence de lésions médullaires asymptomatiques
(Okuda DT et al, Neurology 2011)

• Rare dans les autres pathologies
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in SP and PPMS

Kerbrat et al
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2. Histologie ?
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Hétérogénéité des lésions
Kuhlmann et al, Acta Neuropathol 2017
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2003

Dark gray: corticotherapy (n  21); light gray: natural history lesions (n  92)
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2003

Dark gray: corticotherapy (n  21); light gray: natural history lesions (n  92)

Corrélation entre taille lésion et 

durée rehaussement

Corrélation entre augmentation 

volume lésion et durée rehaussement
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Hétérogénéité des lésions
Kuhlmann et al, Acta Neuropathol 2017
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A) M0 Post-Gd  B) M0 Post USPIO C) M1 post Gd

« return to isointensity » most frequently for lesions 
that turned out to be transiently hypointense

ring-enhancing lesions were less likely to evolve 

into black holes

2008
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Hétérogénéité des lésions
Kuhlmann et al, Acta Neuropathol 2017
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Arch Pathol Lab Med-Vol 106, Aug 1982
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large cell with intranuclear 

stain adjacent to it

reactive microglial cell at the edge of a region 
with high reactive microglia concentration
&

around blood vessel

round macrophages are intensely labeled
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MRI acquired at age 59 years

All 10-rim lesions expanded over 7 years
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3. Cicatrisation ?
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Démyélinisation

Remyélinisation

La corrélation est surtout liée 
aux lésions qui remyélinisent
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Volumétrie

Filippi et al - Annals of Neurology 2020 
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Fisher et al - Annals of Neurology 2008 

Volumétrie

Filippi et al - Annals of Neurology 2020 
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Fisher et al - Annals of Neurology 2008 

Volumétrie

Filippi et al - Annals of Neurology 2020 De Stefano et al. – Neurology 2010
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Fisher et al - Annals of Neurology 2008 

Eshaghi et al - Annals of Neurology 2018

Volumétrie

Filippi et al - Annals of Neurology 2020 De Stefano et al. – Neurology 2010
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Fisher et al - Annals of Neurology 2008 

Eshaghi et al - Annals of Neurology 2018

Volumétrie

Filippi et al - Annals of Neurology 2020 

Atrophy of the thalami is correlated 
with the T2LL:

- right thalamus: �=0.57 p=0.001; 

- left thalamus: �= 0.48 p=0.001 

Audoin et al – JNNP 2010

De Stefano et al. – Neurology 2010
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4. Temporalité ?
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The number of new lesions in the first 

6 months does not correlate with brain 

volume at 6 months, well with brain 

volume at 12 months and very well with 

brain volume at 18 months

Paolillo et al,J Neurol, 2004

Delayed effects of lesions on brain atrophy

Number of new lesions
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5. Comportement du système ?
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Imagerie de diffusion

Mouvements brownien des molécules d’eau :

Diffusion libre Diffusion restreinte isotrope Diffusion restreinte anisotrope
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Regional correlation between 
PASAT (composite), BVRT, 

CVLT II and Fractionnal

Anisotropie

(37 patients, RRMS + SPMS, 
10 years of disease duration)

DTI imaging, TBSS
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Regional correlation between 
PASAT, BVRT (visual), CVLT II 

and Fractionnal Anisotropie

(37 patients, RRMS + SPMS, 

10 years of disease duration)

DTI imaging, TBSS
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Regional correlation between 
PASAT, BVRT, CVLT II (verbal) 

and Fractionnal Anisotropie

(37 patients, RRMS + SPMS, 

10 years of disease duration)

DTI imaging, TBSS
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NAWM and cognitive impairment

• Thalamic radiations 1,2

• Superior and inferior longitudinal fasciculus 3,4

• Corpus callosum 1–6

• Major forceps 3,4

• Cingulate 3,4

1 Schoonheim MM, Hum Brain Mapp. 2014

2 Yu HJ NeuroImage. 2012

3 Hecke WV J Magn Reson Imaging. 2010 

4 Hulst HE Neurology. 2013

5 Llufriu S PLoS ONE. 2012 

6 Ozturk A, Mult Scler. 2010 
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hypothesis



SFSEP

Structure of WM bundles constituting the working memory system in

early multiple sclerosis: A quantitative DTI tractography study

Bertrand Audoin,a,b Maxime Guye,a Françoise Reuter,a,b My-Van Au Duong,a

Sylviane Confort-Gouny,a Irina Malikova,a,b Elisabeth Soulier,a Patrick Viout,a

André Ali Chérif,b Patrick J. Cozzone,a Jean Pelletier,a,b and Jean-Philippe Ranjevaa,⁎
www.elsevier.com/locate/ynimg

NeuroImage 36 (2007) 1324–1330

Role of reactive structural WM plasticity in compensation 
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- ↑ number of connec-ons between the 2 thalami was inversely 

correlated with the ac-va-on of the le9 BA 45/46 (Rho=−0.582, 

p=0.023) 

- Number of connec-ons between the le# BA45/46 ⇔ BA9 was 

inversely correlated with the hyperac-va-on in the right BA 45/46 

(Rho=−0.536, p=0.032) 

- FA bundles right thalamus ⇔ BA 45/46 was correlated with the 

hyperac-va-on in the right BA 45/46 (Rho = 0.596, p = 0.032) 

- FA bundles right thalamus ⇔ BA 45/46 was inversely correlated 

with f. connec-vity between le9 and right BA 45/46
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These results suggest the occurrence of structural and 

func<onal brain reorganiza<on processes shi>ing the le> 

prefrontal ac<vi<es involved in working memory towards 

alterna<ve right hemispheric networks 

- ↑ number of connections between the 2 thalami was inversely 

correlated with the activation of the left BA 45/46 (Rho=−0.582, 

p=0.023) 

- Number of connections between the left BA45/46 ⇔ BA9 was 

inversely correlated with the hyperactivation in the right BA 

45/46 (Rho=−0.536, p=0.032) 

- FA bundles right thalamus ⇔ BA 45/46 was correlated with the 

hyperactivation in the right BA 45/46 (Rho = 0.596, p = 0.032) 

- FA bundles right thalamus ⇔ BA 45/46 was inversely correlated 

with f. connectivity between left and right BA 45/46
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- Analyse du signal Blood Oxygen Level-Dependent 

- Correspond à la réponse hémodynamique qui accompagne l’activité 

neuronale

- Détection des variations de signal IRM liées aux variations 

dʼoxygénation du sang (désoxyhémoglobine) après la cascade 

hémodynamique consécutive à une activation neuronale (contraste

BOLD)  

Imagerie fonctionnelle
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Ann Neurol . 2002 

• contralateral (�) and ipsilateral (♣) primary somatomotor cortex, 

• bilateral supplementary motor area (◗), 

• contralateral (✔) and ipsilateral (●) SII, 
• contralateral (⚡) and ipsilateral (▼) precentral gyrus, 

• contralateral (†) and ipsilateral (*) inferior frontal gyrus, 

• ipsilateral (✜) cerebellum 

right-handed healthy volunteers  multiple sclerosis patients
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Ann Neurol . 2002 

• contralateral (�) and ipsilateral (♣) primary somatomotor cortex, 

• bilateral supplementary motor area (◗), 

• contralateral (✔) and ipsilateral (●) SII, 
• contralateral (⚡) and ipsilateral (▼) precentral gyrus, 

• contralateral (†) and ipsilateral (*) inferior frontal gyrus, 

• ipsilateral (✜) cerebellum 

- T2 lesion volume was correlated with activations in the ipsilateral SMA (r =
0.80), and in the ipsilateral and contralateral Cingulate MA (r = 0.85)

- Average lesion MTR (r = -0.78) and average lesion MD (r = 0.88) were 

correlated with relative activation in the contralateral sensorimotor cortex

right-handed healthy volunteers  mul-ple sclerosis pa-ents
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Connec&vité cérébrale fonc&onnelle et IRMf de repos

ØIRMf de repos: fluctuations spontanées du signal BOLD à basse fréquence

Biswald et al. 1995

A B

Ø Connectivité fonctionnelle cérébrale au repos: recherche de corrélations entre les 

fluctuations au repos du signal BOLD dans différentes régions.

?

Interdépendance sta7s7que entre séries temporelles de A & B

= Couplage fonc7onnel entre A & B

Raichle et Snyder, Neuroimage 2007
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Original Research Paper

38 RRMS patients (DD= 120 ±32 

months)

Graph theory allows to quantify 

the global organization (not only 

the main network e.g., ICA)
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Original Research Paper

38 RRMS patients (DD= 120 ±32 

months)

Graph theory allows to quantify 

the global organization (not only 

the main network e.g., ICA)

Higher global values of Enod &  Eloc

in patients at baseline 

Significant decrease in the whole 

group at year 2

• Increase in preserved patients
• Decrease in disabled patients
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Original Research Paper

38 RRMS patients (DD= 120 ±32 

months)

Graph theory allows to quantify 

the global organization (not only 

the main network e.g., ICA)

Schoonheim 2010

Existence of adaptive but saturable brain functional 

compensatory mechanisms in MS patients
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Comportement fonctionnel probable

2010
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Mutivariate : age / cortical lesions / neocortical volume (r2=0,55 p<0.001)
No difference T2LL CP vs CI
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SFSEPFrom Dutta et Trapp, Neurology 2007

Intra-cortical lesionsLeuco-cortical

or mixed lesions

• Pathological hallmark of multiple sclerosis, highly specific

From Tallantyre et al, JMRI 2010

• Multiple previous studies tried to 

depict them at 1.5 & 3T using 

MRI sequences like double 

inversion recovery (DIR)

• But strongly lack of specificity

• 7T brings a huge gap for in vivo

visualisation of cortical lesions
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Maneiro el al, 2009 : 

• First study performed in vivo at 7T in a group of MS patients

• 199 cortical lesions in 16 patients (9 RRMS and 7 SPMS):

• Type I 36%

• Type II 14%

• Type III/IV 50%

• Independent from the number of white matter lesions 

• Cortical lesions were more frequent in SPMS patients 
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Maneiro el al, 2009 : 

• First study performed in vivo at 7T in a group of MS patients

• 199 cortical lesions in 16 patients (9 RRMS and 7 SPMS):

• Type I 36%

• Type II 14%

• Type III/IV 50%

• Independent from the number of white matter lesions 

• Cortical lesions were more frequent in SPMS patients 

Harrison et al, 2015

• 36 individuals with MS (30 RRMS, 6 SPMS) 

• Cognitive and physical deficits were 

significantly associated with cortical lesions 

• But leukocortical lesions (type I) mainly drive 

the risk of cognitive deficits 

Beck et al, 2018

• Combined MP2RAGE and T2*-w at 7T improved detection
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Gadolinium-based MRI characterization
of leptomeningeal inflammation in
multiple sclerosis Absinta et al. – Neurology 2015

25 % des patients, plus fréquent dans les formes progressives 
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OIND NIND HTLV-infected HIV-infected MSa Healthy volunteers

No. of participants 52 38 38 61 299 66

No. of women, % 32 (61) 27 (71) 25 (66) 25 (41) 177 (59) 32 (48)

Mean age (range), y 43 (20–62) 50 (29–70) 53 (24–75) 52 (25–62) 47 (18–71) 42 (26–62)

CSF data available, % 37 (71) 27 (71) 28 (74) 18 (49) 242 (81) 8 (12)

LME detection on postcontrast T2-FLAIR images

No. of cases with LME, % 18 (35) 3 (8) 17 (45) 13 (21) 75 (25) 5 (8)

No. of cases with multiple foci of LME, % 7 (39) 0 5 (29) 2 (15) 26 (35) 0

Figure 3 Odds ratios of leptomeningeal enhancement in disease groups

compared to healthy controls

Leptomeningeal gadolinium enhancement
across the spectrum of chronic
neuroinflammatory diseases

Absinta et al. – Neurology 2017

22% des patients non MS (56/254)

25% des patients MS (74/299)

56% HTLV-associated myelopathy (14/25) 
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NeuroImage143(2016)58–69
NeuroImage 205 (2020) 116275

7T study
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NeuroImage143(2016)58–69
NeuroImage 205 (2020) 116275

7T study

1st read : 17% of missed lesions at 3T vs. 7T evaluation - (4/23 lesions) 
2nd read (after 7T) : only 9% remain unseen at 3T (2/23)
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In conclusion 

1. Key role of lesions in MS pathology and disability – heterogenicity

2. Compensatory mechanism in response to structural damage (WM bundles), 
by means of functional reorganization :

i. increased activation 

ii. or synchronization of specific structures or networks

3. Adaptative but saturable brain functional compensatory mechanisms

4. Emerging technique to assess lesions heterogenicity and their consequences

5. Unmet needs for progression, role of advanced MRI ?
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