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Background / What is MS? 
«Multiple sclerosis is a chronic, inflammatory, demyelinating 

multifocal disease of the CNS» 

 
 Dissemination in space (DIS) Dissemination in time (DIT) 

How? 
• Clinical assessment 
• Laboratory tests (e.g., CSF analysis) 
• Paraclinical tests (e.g., EPs, MRI) 



Background / History of MS criteria 

Jean-Martin Charcot, 
Leçons du mardi, 1868  

« de l'altération scléreuse en plaques disséminées, est surtout relative à la substance blanche, 
niais elle peut s'appliquer également, d’une manière générale au moins, à la substance grise » 

Schumacher, 1965 



2010 Revised McDonald criteria  

PERIVENTRICULAR JUXTACORTICAL INFRATENTORIAL 

SPINAL CORD 

DIS  
≥1 T2 asymptomatic lesion 
in at least 2 of 4 CNS areas: 
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BASELINE FOLLOW-UP 
1) A new T2 and/or GD-enhancing lesion on 
follow-up MRI, irrespective of the timing of 
the baseline MRI 

2) Simultaneous presence of 
asymptomatic Gd-enhancing and 
non-enhancing lesions at any time 

DIT 



Clinical case 1 
• 45 year-old man 
• No previous neurological 

history 
• 4 limb hyposthenia  and 

sphincteric dysfunction 

Two spinal cord enhancing lesions 

One non-enhancing JC lesion 



Is this MS (2010 Revised McDonald criteria)? 

1) The patient satisfies both criteria for DIS and DIT 
 

2) The patient satisfies criteria for DIS, but not DIT 
 

3) The patient does not satisfy criteria for DIS, but satisfies criteria for DIT 
 

4) The patient does not satisfy neither criteria for DIS nor DIT 
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MAGNIMS 2016 criteria 



• No distinction between symptomatic and asymptomatic lesions 
(Brownlee et al., Neurology 2016; Tintorè et al., Neurology 2016) 
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6 Modified criteria 1: 
inclusion of 
asymptomatic lesions 
in the symptomatic 
region 
 
Modified criteria 2: 
inclusion of any lesion 
in the symptomatic 
region 
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MAGNIMS 2016 criteria / Rationale for modifications 



• No distinction between symptomatic and asymptomatic lesions 
(Brownlee et al., Neurology 2016; Tintorè et al., Neurology 2016) 

• No reason any more to exclude the optic nerve 
(The Optic Neuritis Study Group, Arch Neurol 2008; Simò et al., MSJ 2008; Lebrun et al., Ann Neurol 2009; Swanton et al., MSJ  2010) 

MAGNIMS 2016 criteria / Rationale for modifications 



OPTIC NERVE 

• Optic nerve lesions are reported in 94–
99% of MS autopsy cases (Kolappan et al. J 
Neurol 2009) 

 
• Optic neuritis is the presenting 

symptom of MS in 25% of cases and 
occurs during the disease in about 
70% of cases (Toosy et al., Lancet Neurol 2014) 
 

• The cumulative probability of 
developing MS by 15 years after onset 
of optic neuritis was 50% (95% CI, 
44%-56%) (Optic Neuritis Study G., Arch Neurol 
2008) 

 

Clinical documentation of optic nerve 
atrophy or pallor, neurophysiological 
confirmation of optic nerve dysfunction 
(slowed conduction), or imaging features of 
clinically silent optic nerve inflammation 
(MRI lesions or retinal nerve fibre layer 
thinning) support dissemination in space 
and, in patients without concurrent visual 
symptoms, dissemination in time 

MAGNIMS 2016 criteria / Rationale for modifications 



• No distinction between symptomatic and asymptomatic lesions 
(Brownlee et al., Neurology 2016; Tintorè et al., Neurology 2016) 

• No reason any more to exclude the optic nerve 
(The Optic Neuritis Study Group, Arch Neurol 2008; Simò et al., MSJ 2008; Lebrun et al., Ann Neurol 2009; Swanton et al., MSJ  2010) 

• To reduce the risk of FP: increased number of PV required (13) 
(Barkhof et al., Brain 1997; Nielsen et al., Ann Neurol 2005; Neema et al., Am J Neuroradiol 2009; Absinta et al., J Neurol 2012; Liu et 

al., MSJ 2013; Kim et al., MSJ 2014; Brownlee et al., MSJ 2016)  

MAGNIMS 2016 criteria / Rationale for modifications 
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PERIVENTRICULAR 

Capping hyperintensity anterior to the frontal horns of the lateral ventricles was 
present in all HC Neema et al., Am J Neuroradiol 2009 

34% patients with migraine met DIS 
2010 Mc Donald criteria 

Liu et al., MSJ 2013 

Periventricular lesions can be detected in healthy individuals and up to 30% of migraine 
patients  Absinta et al., J Neurol 2012 
 

MAGNIMS 2016 criteria / Rationale for modifications 



• No distinction between symptomatic and asymptomatic lesions 
(Brownlee et al., Neurology 2016; Tintorè et al., Neurology 2016) 

• No reason any more to exclude the optic nerve 
(The Optic Neuritis Study Group, Arch Neurol 2008; Simò et al., MSJ 2008; Lebrun et al., Ann Neurol 2009; Swanton et al., MSJ  2010) 

• To reduce the risk of FP: increased number of PV required (13) 
(Barkhof et al., Brain 1997; Nielsen et al., Ann Neurol 2005; Neema et al., Am J Neuroradiol 2009; Absinta et al., J Neurol 2012; Liu et 

al., MSJ 2013; Kim et al., MSJ 2014; Brownlee et al., MSJ 2016)  

• In addition: cortical lesions (new sequences) 
(Filippi et al., Neurology 2010) 

MAGNIMS 2016 criteria / Rationale for modifications 



Revised McDonald 2010  vs Filippi 2010* 
Sensitivity Specificity Accuracy PPV NPV PLR NLR OR p value 

DIS only 

Revised McDonald 2010 0.91 
(0.81-0.97) 

0.34 
(0.18-0.54) 

0.72 
(0.61-0.81) 

0.73 
(0.61-0.83) 

0.67 
(0.38-0.88) 

1.39 
(1.06-1.84) 

0.25 
(0.10-0.68) 

6.22 
(1.50-32.21) 0.016 

Filippi 2010 0.82 
(0.70-0.91) 

0.54 
(0.34-0.72) 

0.73 
(0.62-0.82) 

0.78 
(0.66-0.88) 

0.60 
(0.39-0.79) 

1.78 
(1.17-2.69) 

0.33 
(0.17-0.63) 

5.67 
(1.81-19.39) 0.004 

DIS + DIT 

Revised McDonald 2010 0.81 
(0.68-0.90) 

0.59 
(0.39-0.76) 

0.73 
(0.63-0.82) 

0.79 
(0.67-0.89) 

0.61 
(0.41-0.78) 

1.95 
(1.24-3.06) 

0.33 
(0.18-0.61) 

5.14 
(1.73-16.37) 0.004 

Filippi 2010 0.74 
(0.60-0.84) 

0.66 
(0.46-0.82) 

0.71 
(0.60-0.80) 

0.81 
(0.67-0.90) 

0.56 
(0.38-0.73) 

2.14 
(1.26-3.61) 

0.40 
(0.24-0.67) 

5.14 
(1.77-16.24) 0.003 

N=86 CIS 
Follow-up = 36 months 
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*Filippi 2010 DIS: ≥2 of: ≥1 ICL, ≥1 PF, ≥1 SC or ≥1 Gd-enhancing lesion 
DIT: Simultaneous presence of asymptomatic Gd-enhancing and non-
enhancing lesions or a new T2/Gd-enhancing lesion on the follow-up MRI 

MAGNIMS 2016 criteria / Rationale for modifications 



• A new T2 and/or GD-enhancing 
lesion on follow-up MRI 

 
• Simultaneous presence of 

asymptomatic Gd-enhancing and 
non-enhancing lesions Kang et al., MSJ 2014 

MAGNIMS 2016 criteria / Rationale for modifications 



Filippi et al., Lancet Neurol 2018 

Revised 2010 McDonald and MAGNIMS 2016 



Sensitivity Specificity AUC PPV NPV 

DIS + DIT (36 months) 

Revised McDonald 2010  
0.73 

(0.66-0.80) 

0.50 

(0.42-0.59) 

0.62 

(0.56-0.67) 

0.58 

(0.51-0.65) 

0.67 

(0.58-0.75) 

Inclusion of symptomatic 
lesions 

0.76 

(0.69-0.83) 

0.49 

(0.40-0.58) 

0.62 

(0.57-0.68) 

0.58 

(0.51-0.65) 

0.68 

(0.60-0.77) 

Inclusion of 3 PV lesions 
0.70 

(0.63-0.77) 

0.55 

(0.46-0.63) 

0.62 

(0.56-0.68) 

0.59 

(0.51-0.67) 

0.66 

(0.57-0.74) 

Inclusion of CL 
0.75 

(0.67-0.81) 

0.50 

(0.42-0.60) 

0.63 

(0.57-0.68) 

0.59 

(0.51-0.66) 

0.68 

(0.59-0.76) 

Inclusion of ON 
0.75 

(0.67-0.81) 

0.48 

(0.39-0.57) 

0.61 

(0.56-0.67) 

0.57 

(0.50-0.65) 

0.67 

(0.57-0.75) 

MAGNIMS 2016 
0.77 

(0.70-0.83) 

0.50 

(0.41-0.59) 

0.64 

(0.58-0.69) 

0.60 

(0.52-0.67) 

0.70 

(0.61-0.78) 
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Revised 2010 McDonald and MAGNIMS 2016 



aHR (95% CI) p value 

DIS + DIT (36 months) 

Revised McDonald 2010  2.52 (1.78-3.58) <0.0001 

Inclusion of symptomatic 
lesions 2.54 (1.77-3.65) <0.0001 

Inclusion of 3 PV lesions 2.54 (1.80-3.58) <0.0001 

Inclusion of CL 2.60 (1.83-3.71) <0.0001 

Inclusion of ON 2.58 (1.81-3.67) <0.0001 

MAGNIMS 2016 2.95 (2.04-4.26) <0.0001 

Filippi et al., Lancet Neurol 2018 

DIS + DIT 

Revised McDonald 2010 - Yes 
Revised McDonald 2010 - No 

MAGNIMS 2016 - Yes 
MAGNIMS 2016 - No 

Revised 2010 McDonald and MAGNIMS 2016 



Clinical case 2 

• 37 year-old woman 
• No previous neurological 

history 
• Sudden onset of paraparesis 

and sensory ataxia 

One non-enhancing 
PV lesion 

One (probably) 
symptomatic spinal 
cord enhancing lesion 



Is this MS (MAGNIMS 2016 criteria)? 

1) The patient satisfies both criteria for DIS and DIT 
 

2) The patient satisfies criteria for DIS, but not DIT 
 

3) The patient does not satisfy criteria for DIS, but satisfies criteria for DIT 
 

4) The patient does not satisfy neither criteria for DIS nor DIT 



Is this MS (MAGNIMS 2016 criteria)? 

1) The patient satisfies both criteria for DIS and DIT 
 

2) The patient satisfies criteria for DIS, but not DIT 
 

3) The patient does not satisfy criteria for DIS, but satisfies criteria for DIT 
 

4) The patient does not satisfy neither criteria for DIS nor DIT 



Clinical case 3 

• 17 year-old woman 
• No previous neurological 

history 
• Progressive left visual loss 

within 3 days and pain with 
ocular movements 

Left optic nerve enhancing lesion 

One JC lesion 



Is this MS (MAGNIMS 2016 criteria)? 

1) The patient satisfies both criteria for DIS and DIT 
 

2) The patient satisfies criteria for DIS, but not DIT 
 

3) The patient does not satisfy criteria for DIS, but satisfies criteria for DIT 
 

4) The patient does not satisfy neither criteria for DIS nor DIT 



Is this MS (MAGNIMS 2016 criteria)? 

1) The patient satisfies both criteria for DIS and DIT 
 

2) The patient satisfies criteria for DIS, but not DIT 
 

3) The patient does not satisfy criteria for DIS, but satisfies criteria for DIT 
 

4) The patient does not satisfy neither criteria for DIS nor DIT 



Clinical case 4 

• 29 year-old man 
• No previous neurological 

history 
• Bilateral hand paresthesias 

started almost one month ago 

One symptomatic 
spinal cord non-
enhancing lesion 

> 3 PV and JC non-
enhancing lesions 



Is this MS (MAGNIMS 2016 criteria)? 

1) The patient satisfies both criteria for DIS and DIT 
 

2) The patient satisfies criteria for DIS, but not DIT 
 

3) The patient does not satisfy criteria for DIS, but satisfies criteria for DIT 
 

4) The patient does not satisfy neither criteria for DIS nor DIT 



Is this MS (MAGNIMS 2016 criteria)? 

1) The patient satisfies both criteria for DIS and DIT 
 

2) The patient satisfies criteria for DIS, but not DIT 
 

3) The patient does not satisfy criteria for DIS, but satisfies criteria for DIT 
 

4) The patient does not satisfy neither criteria for DIS nor DIT 
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Thompson et al., Lancet Neurol 2018 

MAGNIMS 2016 and 2017 McDonald Revision 



• No distinction between symptomatic and asymptomatic lesions 
(Brownlee et al., Neurology 2016; Tintorè et al., Neurology 2016) 

• No reason any more to exclude the optic nerve 
(The ONS Group, Arch Neurol 2008; Simò et al., MSJ 2008; Lebrun et al., Ann Neurol 2009; Swanton et al., MSJ  2010) 

• To reduce the risk of FP: increased number of PV required (13) 
(Barkhof et al., Brain 1997; Nielsen et al., Ann Neurol 2005; Neema et al., Am< J Neuroradiol 2009; Absinta et al., J Neurol 2012; Liu et 

al., MSJ 2013; Kim et al., MSJ 2014; Brownlee et al., MSJ 2016)  

• In addition: cortical lesions (new sequences) 
(Filippi et al., Neurology 2010) 

MAGNIMS 2016 

MAGNIMS 2016 and 2017 McDonald Revision 
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With a typical CIS, fulfillment of clinical or 
MRI criteria for DIS, and no better 
explanation, demonstration of CSF OCBs in 
the absence of atypical CSF findings allows a 
diagnosis of MS to be made, even if the MRI 
findings on the baseline scan do not meet the 
criteria for DIT  

Thompson et al., Lancet Neurol 2018 

2017 McDonald Revision 



DIS DIT 

CIS ≥1 T2 lesion (both symptomatic and 
asymptomatic) in at least 2 of 4 CNS areas: 
PV, JC/CL, spinal cord, infratentorial 

Simultaneous presence of Gd+ and Gd- lesions 
at any time (both symptomatic and 
asymptomatic) 
OR 
A new T2 and/or Gd+ lesion on follow-up MRI 
OR 
Presence of CSF-specific OCBs 

PPMS One year of disability progression 
(retrospectively or prospectively determined) 
independent of clinical relapse + > 2/3 of: 

• ≥1 T2 lesion (symptomatic and 
asymptomatic) both in ≥1 areas in the brain 
characteristic of MS (PV, JC/CL or infratentorial) 
• ≥2 T2-hyperintense lesions in the spinal cord 
• Presence of CSF-specific OCBs 
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2017 McDonald Revision 



Clinical case 3 (revisited) 

• 17 year-old woman 
• No previous neurological 

history 
• Progressive left visual loss 

within 3 days and pain with 
ocular movements 

Left optic nerve enhancing lesion 

One JC lesion 
Positive OCBs 



Is this MS (McDonald 2017 criteria)? 

1) The patient satisfies both criteria for DIS and DIT 
 

2) The patient satisfies criteria for DIS, but not DIT 
 

3) The patient does not satisfy criteria for DIS, but satisfies criteria for DIT 
 

4) The patient does not satisfy neither criteria for DIS nor DIT 



1) The patient satisfies both criteria for DIS and DIT 
 

2) The patient satisfies criteria for DIS, but not DIT 
 

3) The patient does not satisfy criteria for DIS, but satisfies criteria for DIT 
 

4) The patient does not satisfy neither criteria for DIS nor DIT 

Is this MS (McDonald 2017 criteria)? 



Clinical case 4 (revisited) 

• 29 year-old man 
• No previous neurological 

history 
• Bilateral hand paresthesias 

started almost one month ago 

One symptomatic 
spinal cord non-
enhancing lesion 

> 3 PV and JC non-
enhancing lesions 

Positive OCBs 



Is this MS (McDonald 2017 criteria)? 

1) The patient satisfies both criteria for DIS and DIT 
 

2) The patient satisfies criteria for DIS, but not DIT 
 

3) The patient does not satisfy criteria for DIS, but satisfies criteria for DIT 
 

4) The patient does not satisfy neither criteria for DIS nor DIT 



1) The patient satisfies both criteria for DIS and DIT 
 

2) The patient satisfies criteria for DIS, but not DIT 
 

3) The patient does not satisfy criteria for DIS, but satisfies criteria for DIT 
 

4) The patient does not satisfy neither criteria for DIS nor DIT 

Is this MS (McDonald 2017 criteria)? 



MAGNIMS 2016 vs 2017 McDonald Revision 

Filippi et al.,  
Lancet Neurol 2016 

Thompson et al.,  
Lancet Neurol 2018 

Description MAGNIMS 2016 McDonald 2017 

Case 3 • One optic nerve enhancing lesion 
• One juxtacortical non-enhancing lesion 
• Positive OCBs 

MS DIT  

Case 4 • One spinal cord non-enhancing lesion 
• > 3 PV and JC non-enhancing lesions 
• Positive OCBs 

DIS MS 



Survival curves for time from CIS to MS for CDMS  
with 2010 and 2017 criteria  
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The inclusion of ON involvement  in the group without ON 
did not identify additional patients and the performance 
of McDonald 2017 remained the same 

160 CIS with 15 year-follow-up 

Clinical With ON (n=129) Without ON (n=31) 

Abnormal VEPs 25/26  3/16 

Abnormal MRI 104 23 

DIS alone 

DIS plus DIT 

2017 

2017 

2017+ON 

2017+ON 
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2017 McDonald Revision 
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Future directions? 

SLE 

APS 

MS 

Maggi et al., Ann Neurol 2018 

Central vein sign 
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CDMS 

MICROANGIOPATHY 



Future directions? 
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Subpial  
demyelination 

Absinta et al., Neurology  2017 

Leptomeningal enhancement  



Conclusions 

● Refinement of MRI criteria to show DIS and DIT in MS patients 
with a  simplified (“unified”) approach 
 

● The clinical context remains central 
 

● Validation studies to assess 2017 McDonald criteria are 
urgently needed 

 
● New specific MRI hallmarks of MS are under investigation 
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