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TABLE 4: The 2010 McDonald Criteria for Diagnosis of MS

Clinical Presentation Additional Data Needed for MS Diagnosis

!2 attacksa; objective clinical
evidence of !2 lesions or objective
clinical evidence of 1 lesion with
reasonable historical
evidence of a prior attackb

Nonec

!2 attacksa; objective clinical
evidence of 1 lesion

Dissemination in space, demonstrated by:
!1 T2 lesion in at least 2 of 4 MS-typical regions of the CNS
(periventricular, juxtacortical, infratentorial, or spinal cord)d; or
Await a further clinical attacka implicating a different CNS site

1 attacka; objective clinical
evidence of !2 lesions

Dissemination in time, demonstrated by:
Simultaneous presence of asymptomatic gadolinium-enhancing
and nonenhancing lesions at any time; or
A new T2 and/or gadolinium-enhancing lesion(s) on follow-up
MRI, irrespective of its timing with reference to a baseline scan; or
Await a second clinical attacka

1 attacka; objective clinical
evidence of 1 lesion
(clinically isolated syndrome)

Dissemination in space and time, demonstrated by:
For DIS:
!1 T2 lesion in at least 2 of 4 MS-typical regions of the CNS
(periventricular, juxtacortical, infratentorial, or spinal cord)d; or
Await a second clinical attacka implicating a different CNS site; and
For DIT:
Simultaneous presence of asymptomatic gadolinium-enhancing
and nonenhancing lesions at any time; or
A new T2 and/or gadolinium-enhancing lesion(s) on follow-up MRI,
irrespective of its timing with reference to a baseline scan; or
Await a second clinical attacka

Insidious neurological progression
suggestive of MS (PPMS)

1 year of disease progression (retrospectively or prospectively
determined) plus 2 of 3 of the following criteriad:
1. Evidence for DIS in the brain based on !1 T2 lesions in the
MS-characteristic (periventricular, juxtacortical, or infratentorial) regions
2. Evidence for DIS in the spinal cord based on !2 T2
lesions in the cord
3. Positive CSF (isoelectric focusing evidence of oligoclonal bands
and/or elevated IgG index)

If the Criteria are fulfilled and there is no better explanation for the clinical presentation, the diagnosis is ‘‘MS’’; if suspicious, but
the Criteria are not completely met, the diagnosis is ‘‘possible MS’’; if another diagnosis arises during the evaluation that better
explains the clinical presentation, then the diagnosis is ‘‘not MS.’’
aAn attack (relapse; exacerbation) is defined as patient-reported or objectively observed events typical of an acute inflammatory
demyelinating event in the CNS, current or historical, with duration of at least 24 hours, in the absence of fever or infection. It
should be documented by contemporaneous neurological examination, but some historical events with symptoms and evolution
characteristic for MS, but for which no objective neurological findings are documented, can provide reasonable evidence of a prior
demyelinating event. Reports of paroxysmal symptoms (historical or current) should, however, consist of multiple episodes occur-
ring over not less than 24 hours. Before a definite diagnosis of MS can be made, at least 1 attack must be corroborated by findings
on neurological examination, visual evoked potential response in patients reporting prior visual disturbance, or MRI consistent
with demyelination in the area of the CNS implicated in the historical report of neurological symptoms.
bClinical diagnosis based on objective clinical findings for 2 attacks is most secure. Reasonable historical evidence for 1 past attack,
in the absence of documented objective neurological findings, can include historical events with symptoms and evolution character-
istics for a prior inflammatory demyelinating event; at least 1 attack, however, must be supported by objective findings.
cNo additional tests are required. However, it is desirable that any diagnosis of MS be made with access to imaging based on these
Criteria. If imaging or other tests (for instance, CSF) are undertaken and are negative, extreme caution needs to be taken before
making a diagnosis of MS, and alternative diagnoses must be considered. There must be no better explanation for the clinical pre-
sentation, and objective evidence must be present to support a diagnosis of MS.
dGadolinium-enhancing lesions are not required; symptomatic lesions are excluded from consideration in subjects with brainstem
or spinal cord syndromes.
MS ¼ multiple sclerosis; CNS ¼ central nervous system; MRI ¼ magnetic resonance imaging; DIS ¼ dissemination in space; DIT ¼
dissemination in time; PPMS ¼ primary progressive multiple sclerosis; CSF ¼ cerebrospinal fluid; IgG ¼ immunoglobulin G.

February 2011 297

Polman et al: 2010 Revisions to MS Diagnosis
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L’IRM cérébrale avec des séquences 
classique permet de faire le diagnostic sur 
base d’un seul examen (+ clinique et 
anamnèse bien sûr).

NB: CT-Scan = inutile, ne permet pas de 
visualiser les lésions.

Polman et al, Ann Neurol, 2011
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Actuellement: paradoxe clinico-radiologique

MS DISEASE PROGRESSION 

Reference: Compston & Coles. Multiple Sclerosis. Lancet 2002;359:1221–31.  
 
 

Compston & Coles, Lancet, 2002



616 http://neurology.thelancet.com   Vol 7   July 2008

Review

(RRMS), and secondary progressive MS is seen as little 
more than a gradual increase in lesion load, reduction in 
brain volume, and an increase in diff use change in 
normal-appearing brain tissue. There is general 
agreement that patients with primary progressive MS 
have fewer lesions in the cerebrum and perhaps less 
enhancement in the CNS,9 although this is a relative 
rather than an absolute diff erence. As magnetic resonance 
techniques become more pathologically specifi c, there 
could be the potential to explore the pathological 
classifi cation proposed by Lassmann and colleagues.10 

Although MRI techniques are unlikely to advance in the 
foreseeable future to allow accurate and direct biological 
classifi cation of MS, MRI provides various approaches to 
phenotype patients with MS for correlation with these 
biological classifi cations.

New uses of conventional MRI data
Lesion-based measures
Conventional MRI assessment of lesions on non-contrast 
T1-weighted and T2-weighted images, and on gadolinium-
enhanced T1-weighted images, provides an important 
tool to monitor the disease course.11 However, the 
limitations of conventional MRI include the weak 
associations with clinical status and the lack of sensitivity 
to other clinically relevant fi ndings, such as grey-matter 
disease and diff use damage throughout the white 
matter.12,13

New approaches have emerged in the areas of data 
management and post-processing. One approach involves 
the serial analysis of images to study dynamic pixel-wise 
signal changes related to lesion evolution.14 Through this 
approach, changes in the progression pattern within 
individual lesions might indicate an overarching shift of 
the patient’s disease from more infl ammatory to more 
degenerative pathological processes, possibly heralding 
the advent of atrophy and clinical disability.14 Another 
related approach, known as subtraction imaging, displays 

changes over time between two scans in a single map.15 
This provides increased sensitivity to lesion evolution 
compared with qualitative analysis (fi gure 1). Finally, 
lesion-based measures can be combined with advanced 
MRI measures of tissue integrity, such as 1H-MRS, 
diff usion imaging, and magnetisation transfer imaging, 
using voxel-wise probability maps and spatial distribution 
approaches. These advanced MRI techniques are 
discussed in more detail below. 

Atrophy-based measures
Over the past few years, we have witnessed a rapidly 
growing interest in the measurement of CNS atrophy in 
MS. Developments have been fuelled by the use of MRI 
techniques to determine the topography and rate of 
atrophy, with the possibility of visualising this process 
with sub-voxel accuracy (fi gure 2).16 By use of MRI-based 
approaches, cerebral volume changes can be measured 
within a relatively short period of time, which correlate 
well with cognitive impairment.17 An intriguing 
development is the exploration of associations between 
regional patterns of atrophy and specifi c functional 
impairment using voxel-based morphometry.18,19 To move 
beyond simple volumes of damaged tissue, we need to 
understand, for instance, the relations between regional 
atrophy and white-matter tract damage, and their clinical 
impact. If detailed mapping of the white-matter 
architecture is possible from diff usion tensor MRI,20 then 
it should be feasible to integrate quantitative measures of 
tissue damage along tracts of known functional 
signifi cance to form a more clinically relevant assessment 
of the burden of disease.

The topographic distribution of brain volume loss has 
emerged as a key challenge to be addressed. Tissue loss 
seems to aff ect grey matter more than white matter in 
patients with MS; furthermore, among grey-matter 
structures, the basal ganglia and thalamus are most 
susceptible to atrophy.16 The best methods for the 

BA C

Figure 1: Lesion change in MS over time by use of a subtraction method involving image normalisation, 
inhomogeneity correction, and co-registration
A new juxtacortical lesion (arrow) in a 44-year-old woman with relapsing-remitting MS who was scanned at 
baseline and after 3 years. The juxtacortical lesion is diffi  cult to appreciate on the native spin-echo proton-density 
images, comparing the baseline (A) to follow-up scan (B), but is clearly visible on the subtraction image (C). In all 
images, the skull has been removed. Subtle artefacts are seen on the outer edge of the brain surface due to slight 
misregistration. Adapted with permission from the American Society of Neuroradiology.15

Figure 2: Gain or loss in brain volume, as determined from serial MRI scans
Using registration-based software, brain volume gain (red) or loss (blue) can be 
determined with sub-voxel accuracy from serial MRI scans. Currently, it is 
diffi  cult to predict why some patients (left) have little atrophy (0·29% brain 
volume loss per year), whereas others (right) have a high atrophy rate (2·2% 
brain volume loss per year). 
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Développement: mesure 
atrophie/VBM

Bakshi et al, Lancet Neurol, 2008
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Dével.: 
Diffusion 
(MD/FA/
DTI)

Liu, Eur J Neurol, 2011
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Développement: Transfert de 
Magnétisation
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H-MRS: mesure de certains métabolites 
reflétant l’intégrité structurelle et 
fonctionnelle du tissu cérébral.

11

Filippi et al, in: Handbook of multiple 
sclerosis, Cook (ed) 2006
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Développement: fMRI

modification des RSNs y comprit DMN 
chez patients SEP

Modifications corrélées aux épreuves 
cognitives et au phénotype SEP

Pourrait représenter l’effet de la 
neuroplasticité initialement

Rocca et al, Ann Neurol, 2002
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Développement:UHF MRI

Permet de démontrer 
lésions plus fines, 
expliquant certaines 
anomalies des séquences 
non-conventionnelles dans 
NAWM

Permet de réaliser IRM au 
sodium (étude gradient Na
+ intra/extra => reflet 
intégrité membranaire)

Bakshi et al, Lancet Neurol 2008
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Futur/autres:

MWF

Perfusion MRI

SWI

DIR

Iron deposit quantification

Connectome

Wattjes et al, AJNR 2007
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Traumatisme crânien sévère: CT-Scan 
Cérébral !

Trauma léger/modéré: Canadian head-CT 
rule détermine nécessité de scanner.

Place de la MRI: montre DAI, meilleure 
résolution pour tronc et fosse post. Peu/
pas d’intérêt pour prise en charge aiguë.

Edlow et al, Neurocrit 
Care, 2013
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En développement: 
utilisation IRM (DTI) en aigu 
comme outil pronostic

 Galanaud et al.

Evaluation of TBI with Diffusion Tensor Imaging

A number of studies have described the utility of conven-
tional MRI sequences,18–20 diffusion-weighted imaging,21,22 
DTI,23,24 and susceptibility-weighted imaging25,26 in patients 
with TBI. "is literature demonstrates the superiority of 
MRI over CT for the visualization of lesions.18 It is also 
known that damage to critical areas such as the brainstem5,27 
or corpus callosum24 is indicative of poor prognosis. How-
ever, current imaging methods do not allow one to reliably 

predict the long-term clinical outcome of an individual 
comatose patient.

"ere is extensive evidence that diffuse axonal injury is a 
hallmark of severe TBI. Recent experimental data indicate 
that white matter abnormalities detected using DTI corre-
late closely with neuropathological evidence of diffuse axo-
nal injury.28,29 In a prospective study, Sidaros et al. evaluated 
30 patients with severe TBI at 8 weeks and 12 months after 
injury. "ey found that decreased regional FA at 8 weeks was 
predictive of unfavorable outcome at 12 months. DTI evi-
dence of white matter damage is more marked in subjects with 
moderate and severe TBI compared with those with mild TBI, 
with longlasting changes detectable years after injury.30,31

Our prospective multicenter cohort is the largest study so 
far to demonstrate that the extent and severity of white mat-
ter damage evaluated in the acute setting is a major predictor 
of outcome after severe TBI. Based on this observation, we 
have developed a prognostic model that integrates quantita-
tive diffusion variables into a composite DTI score for pre-
dicting outcome. "is score, which is based solely on DTI 
variables, has a better prognostic accuracy than the IMPACT 
score that uses clinical and CT variables.

For prediction of unfavorable outcome, the area under 
the ROC curve was 0.64 for the IMPACT score; this metric 

Table 2. Distribution of Patients across Various 
Outcome Categories on Four Measurement Scales

Favorable 
Outcome 
(n = 65)

Unfavorable 
Outcome 
(n = 40)

Death in ICU NA 14 (35%)
Death after ICU discharge NA 7 (18%)
GOS
  I (death) NA 21 (52%)
  II (vegetative state) NA 5 (12%)
  III− (MCS) NA 14 (35%)
  III+ (severe disability) 16 (25%) 0
  IV (moderate  
   disability)

22 (34%) 0

  V (no sequella) 27 (42%) 0
GOS extended (GOSE)
  1 (dead) 0 21 (52%)
  2 (vegetative state) 0 5 (12%)
  3 (lower severe  
   disability)

9 (14%) 9 (35%)

  4 (upper severe  
   disability)

9 (14%) 5 (12%)

  5 (lower moderate  
   disability)

5 (8%) 0

  6 (upper moderate  
   disability)

17 (26%) 0

  7 (lower good recovery) 13 (20%) 0
  8 (upper good recovery) 12 (18%) 0
Modified rankin scale
  VI (death) 0 21 (52%)
  V (severe disability) 5 (8%) 17 (42%)
  IV (moderately severe  
   disease)

11 (17%) 3 (8%)

  III (moderate disability) 12 (18%) 0
  II (slight disability) 18 (28%) 0
  I (no significant  
   disability)

13 (20%) 0

  0 (no symptoms) 6 (9%) 0
Disability rating scale
  Mean 4 19
  Median 3 (1 to 6) 20 (16 to 24)

Data are median (25–75 interquartile range) or number (percentages).
GOS = Glasgow Outcome Scale; GOSE = extended Glasgow 
Outcome Score; ICU = intensive care unit; MCS = minimally con-
scious state; NA = not applicable.

Fig. 3. Receiver operating characteristics of IMPACT and DTI 
score for predicting coma outcome on the modified Glasgow 
Outcome Scale in the training (A) and testing (B) databases. 
AUC = area under the curve; DTI = diffusion tensor imaging; 
IMPACT = International Mission for Prognosis and Analysis of 
Clinical Trials.

Galanaud et al, Anesthesiology, 2012
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Développement: H-MRS

NAA/Cr plus faible chez 
patients avec mauvais 
outcome (GOS 1-3)

GOS anti-corrélé avec 
NAA et corrélé avec La

Tshibanda et al, Prog Brain Res, 2009
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Laureys, Trends  
Cogn Sci, 2005 

Giacino, Arch Phys Med Rehab , 2004 



Baars, Ramsoy, Laureys, 
Trends in Neurosciences 

2003
   

Pas de vigilance
Pas de «conscience»

Vigilance conservée
Pas de «conscience»
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V. Trauma

PET-CT



Monti & Vanhaudenhuyse, et al
New England J Med 2010
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  V. Trauma
fMRI: paradigme actif



Vanhaudenhuyse et al, 
Brain 2010C
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  V. Trauma
fMRI: resting state
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Diffusion et DTI

Voss et al, J Clin 
Invest, 2006

Fernandez-Espejo et 
al, NeuroImage, 2011

Texte

Edlow et al, Neurocrit 
Care, 2013
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V. Trauma
Approche mutlimodale
Connectome
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Merci.

L’ensemble des illustrations non 
référencées dans la partie SEP m’ont été 
gentiment fournies par le Dr E. Lommers, 
que je remercie chaleureusement.

Bodart & Laureys, OUP (ed Filippi), 2014


