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Diagnostic criteria: 2017

Thompson AJ et al. Lancet Neurol 2018;17:162-173



Dual process

Subjective

Typical clinical / radiological features

Objective
Demonstration of CNS lesions:

• disseminated in space
• disseminated in time

Reasonable exclusion of an alternative diagnosis

Possible MSMS Non-MS

Diagnostic criteria



Adam is a 26-year-old man presents 
with symptoms and signs consistent 
with mid-thoracic partial myelitis 
and MRI evidence of 
12 cerebral white matter lesions 
(PV and JC) in addition to an 
enhanced lesion at T4 on imaging of 
the spinal cord 

Based on these data, it 
is reasonable to 
conclude that…

Interactive question

…he is at high risk of  developing 
NMO

…a new MRI with new T2 lesions is 
required to reach a diagnosis of 
MS

…he has MS

…CSF examination is required to 
reach a diagnosis of MS

A

B

C

D

CSF, cerebrospinal fluid; JC, juxtacortical; 
MRI, magnetic resonance imaging; NMO, neuromyelitis optica; PV, periventricular 



Adam is a 26-year-old man presents 
with symptoms and signs consistent 
with mid-thoracic partial myelitis 
and MRI evidence of 
12 cerebral white matter lesions 
(PV and JC) in addition to an 
enhanced lesion at T4 on imaging of 
the spinal cord 

Based on these data, it 
is reasonable to 
conclude that…

Interactive question

…he has MS

A

B

C

D

CSF, cerebrospinal fluid; JC, juxtacortical; 
MRI, magnetic resonance imaging; NMO, neuromyelitis optica; PV, periventricular 



*With reference to a baseline scan, irrespective of the timing of the baseline MRI
Gd, gadolinium; MRI, magnetic resonance imaging Thompson AJ, et al. Lancet Neurol 2018;17:162–73. Images courtesy of A Rovira

Patients like Adam have benefitted from earlier diagnosis following 
2017 revisions to the McDonald criteria

Dissemination in space (DIS)
≥1 T2 lesion in ≥2 topographies

Dissemination in time (DIT)
Simultaneous presence of Gd-enhancing and non-enhancing 

lesions at any time or a new T2 lesion on a follow-up MRI*

Periventricular Cortico / juxta (equivalent) Infratentorial Spinal cord

Patients like Adam have benefitted from earlier diagnosis following 2017 
revisions to the McDonald criteria

Symptomatic lesions included Symptomatic lesions included



Laura’s journey • Laura
– 38 years of age
– Normal birth, normal development
– No history of migraine or other diseases

• Family history
– Father: diabetes mellitus type 2
– Mother: hypertension

• Social history
– Lives with his partner
– Researcher in social sciences at a 

university
• Presentation

– Pain when moving the eye
– Abnormal colour vision and central scotoma

Central scotoma

Abnormal color vision 



• Laura made a full recovery 
after IV methylprednisolone

• MRI was performed 
• IgG oligoclonal bands: 

positive

Which is your 
diagnosis?

Interactive question

Inflammatory optic neuritisA

CIS, clinically isolated syndrome; DIS, dissemination in space; 
IgG, immunoglobulin G; IV, intravenous; 

NMOSD, neuromyelitis optica spectrum disorder
1. Barkhof F et al. Brain 1997;120:2059-2069; 

2. Tintore M et al. Am J Neuroradiol 2000;21:702-706

MRI: T2 lesions in characteristic 
topographies1,2

CIS with DISB

MSC

NMOSDD

OtherE



• Laura made a full recovery 
after IV methylprednisolone

• MRI was performed 
• IgG oligoclonal bands: 

positive

Which is your 
diagnosis?

Interactive question

A

CIS, clinically isolated syndrome; DIS, dissemination in space; 
IgG, immunoglobulin G; IV, intravenous; 

NMOSD, neuromyelitis optica spectrum disorder
1. Barkhof F et al. Brain 1997;120:2059-2069; 

2. Tintore M et al. Am J Neuroradiol 2000;21:702-706

MRI: T2 lesions in characteristic 
topographies1,2

B

MSC

D

E

Inflammatory optic neuritis



S L S L S LS L
Positive result

A B C D
Type 2 Type 3

Negative polyclonal   Negative mirror

S L S L
Negative result

E F
Type 1 Type 4

Positive oligoclonal         Positive more than

Patterns of IgG oligoclonal bands 

Recommended technique: agarose gel electrophoresis with isoelectric focusing 
and immunoblotting or immunofixation for IgG

Villar LM et al. Arch Neurol 2005;62:574-577



CI, confidence interval; CIS, clinically isolated syndrome; CSF, cerebrospinal fluid;
DIS, dissemination in space; DIT, dissemination in time; HR, hazard ratio;

MRI, magnetic resonance imaging; MS, multiple sclerosis; OB, oligoclonal band.
• 1. Thompson AJ, et al. Lancet Neurol 2018;17:162–73;
• 2. Arrambide G, et al. Brain 2018;141:1075–84.

Adding oligoclonal band criteria to DIS, increases diagnostic 
specificity

Typical CIS + clinical/MRI demonstration of 
DIS + CSF-specific oligoclonal bands allows a 

diagnosis of MS1

n = 314 n

McDonald MS 
at 3 years 

n (%)
Sensitivity
(95% CI)

Specificity
(95% CI)

Accuracy
(95% CI)

All DIS 137 111/137
(81.0)

61.7
(54.1-68.8)

80.6
(72.9-86.9)

69.7
(64.3-
74.8)

DIS with 
+OB

101 85/101
(84.2)

47.2
(39.8-54.8)

88.1
(81.3-93.0)

64.6
(59.1-
69.6)

Improved specificity with addition of oligoclonal bands as 
a diagnostic criteria2:

0 lesions, positive OB

No DIS no DIT, ≥1 
lesions, negative OB
No DIS no DIT, ≥1 
lesions, negative OB

n aHR (95% CI)   P

16

122

42

16

91

60

51

9.1 (3.5-23.4)

15.3 (7.5-31.3)

10.4 (4.8-22.6)

1.5 (0.4-5.7) 

1

3.1 (1.4-7.2)

7.4 (3.5-15.7)

<0.0001

<0.0001

<0.0001

0.517

0.007

<0.0001

10 20 30 40

0 lesions, negative OB

DIS, negative OB

DIS, positive OB

DIT

Adjusted hazard ratios for meeting 2010 
McDonald criteria over time2:



MRI at any time with 
DIS and +OB

Relapsing forms: oligoclonal bands contribution
2017 revisions proposal

OB, oligoclonal bands; DIT, dissemination in time; PF, posterior fossa
Montalban X et al. Neurology. 2010;74:427-434; Arrambide G et al. Brain 2018;141:1075-1084; Thompson AJ et al. Lancet Neurol 2018;17:162-173



Diagnostic criteria: 2017

Clinical threshold

* Similar to Poser laboratory-supported 

definite MS

DIS + OB

Thompson AJ et al. Lancet Neurol 2018;17:162-173



• The patterns of bands can be challenging to interpret

• OBs can de found in at least 30 diseases

It is your responsibility as clinician to confirm that your lab is performing OB with the higher standards



• OBs can de found in other diseases
- Paraesthesia: 18%
- Cerebrovascular disease: 11%
- Polyneuropathy: 13%
- Vertigo: 8%
- Sarcoidosis: 51%
- SLE: 25%
- Behcet’s disease: 8%
- Lymbic encephalitis: 33%
- AntiNMDA encephalitis: 50%

Extreme caution when using OB to confirm MS diagnosis



CSF testing should be part of the diagnostic criteria 



Interactive question

CIS, clinically isolated syndrome; DIS, dissemination in space; 
IgG, immunoglobulin G; IV, intravenous; 

NMOSD, neuromyelitis optica spectrum disorder
1. Barkhof F et al. Brain 1997;120:2059-2069; 

2. Tintore M et al. Am J Neuroradiol 2000;21:702-706

MRI: T2 lesions in characteristic 
topographies1,2

• 48 years old lady
• Optic neuritis 
• IgG oligoclonal bands: 

positive

Which is your 
diagnosis?



Interactive question

CIS, clinically isolated syndrome; DIS, dissemination in space; 
IgG, immunoglobulin G; IV, intravenous; 

NMOSD, neuromyelitis optica spectrum disorder
1. Barkhof F et al. Brain 1997;120:2059-2069; 

2. Tintore M et al. Am J Neuroradiol 2000;21:702-706

MRI: T2 lesions in characteristic 
topographies1,2

• 48 years old lady
• Optic neuritis 
• IgG oligoclonal bands: 

positive

Which is your 
diagnosis?

Inflammatory  optic 
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A

CIS with DISB

MSC

NMOSDD

OtherE
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MRI: T2 lesions in characteristic 
topographies1,2

• 48 years old lady
• Optic neuritis 
• IgG oligoclonal bands: 

positive

Which is your 
diagnosis?

Inflammatory  optic 
neuritis

A

CIS with DISB

MSC

NMOSDD

OtherE



Pain

Central scotoma

Monocular blurred vision and 
impaired colour vision

Optic nerve is a relevant topography in MS

McAlpine D & Compston A. McAlpine's Multiple Sclerosis, Fourth Edition. Churchill Livingstone: Edinburgh, Scotland, 2005
Images from Netter F. Neurología Esencial. Elsevier Masson



ON MRI

Optic nerve can be assessed

OCT Some of them may
prove very difficult to
fully implement in
clinical practice such
as the appropriate
scanning of the optic
nerve and thus
introducing variability in
their application

VEP



Tintoré M & Montalban X. Mult Scler 2018;24:123-125



57-year-old male
No previous history of disease

Present illness
Progressive symptoms during the last 3 weeks, characterized by diplopia,
dysarthria, cognitive decline, gait ataxia, and right motor weakness.

Neurological examination
Dysarthria, third and sixth cranial nerves palsies. Mild hemiparesis of right
limbs. Hyperactive tendon reflexes, Babinski sign. Decrease in vibratory
sensitivity. Gait ataxia.





Interactive question

CIS, clinically isolated syndrome; DIS, dissemination in space; 
IgG, immunoglobulin G; IV, intravenous; 

NMOSD, neuromyelitis optica spectrum disorder
1. Barkhof F et al. Brain 1997;120:2059-2069; 

2. Tintore M et al. Am J Neuroradiol 2000;21:702-706

Which is your 
diagnosis?

CISA

CIS with DISB

MSC

NMOSDD

OtherE



Interactive question
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1. Barkhof F et al. Brain 1997;120:2059-2069; 

2. Tintore M et al. Am J Neuroradiol 2000;21:702-706

Which is your 
diagnosis?

CISA

CIS with DISB

MSC

NMOSDD

OtherE



1. Chronic lymphocytic inflammation with pontine
perivascular enhancement responsive to steroids
(CLIPPERS)

2. Behçet's disease
3. Sarcoidosis

4. Posterior Reversible Encephalopathy Syndrome (PRES)
5. Primary angiitis of central nervous system (PACNS)



“…the Panel stressed that the McDonald
Criteria should only be applied in those
patients who present with a typical
clinically isolated syndrome suggestive
of MS or symptoms consistent with a
CNS inflammatory demyelinating
disease…”

“Correct interpretation of symptoms and signs is a
fundamental prerequisite for diagnosis.”

“…A monophasic clinical episode with patient-reported symptoms
and objective findings reflecting a focal or multifocal inflammatory
demyelinating event in the CNS, developing acutely or subacutely,
with a duration of at least 24 h, with or without recovery, and in
the absence of fever or infection”

Diagnostic criteria 2017

Polman CH et al. Ann Neurol. 2011 Feb;69(2):292-302
Thompson AJ et al. Lancet Neurol 2017



March 2000 
A 4 years-old girl is admitted to the 

paediatric emergency ward:

Viral upper respiratory tract infection with 
fever (38ºC) 

§48h later: cephalea and irritability

§CT: normal

§48h later: increasing drowsiness

§MRI scan

§No CSF analysis was performed

§Treated with 6-IVMP: resolution of 
symptoms

Interactive question

CSF, cerebrospinal fluid; JC, juxtacortical; 
MRI, magnetic resonance imaging; NMO, neuromyelitis optica; PV, periventricular 13/04/0028/03/00



June 2000
§Bilateral optic neuritis
§She was treated with IV 6-MP: resolution 
of symptoms

Interactive question

13/06/00



ADEM-NOA

CIS with DISB

MSC

NMOSDD

OtherE

13/04/00

13/06/00

Which is 
your 
diagnosis?



ADEM-NOA

CIS with DISB

MSC

NMOSDD

OtherE

13/04/00

13/06/00

Which is 
your 
diagnosis?



Anti MOG + 16/17



Diagnostic criteria: paediatric population

ADEM

Tardieu M et al Neurology 2016; Polman CH et al Ann Neurol 2011, Thompson AJ et al. Lancet Neurol 2017

Cortico / Juxta Infratentorial Spinal cord1 PV

CO-FI-0247j I 6/2018



• 2010 McDonald criteria identify children with RRMS, although caution is 
suggested when applying these criteria in younger children. 

• 2010 McDonald criteria are not suitable for application in the context of ADEM-
like presentations 

2010 McDonald Criteria for Diagnosing 
Pediatric Multiple Sclerosis

CO-FI-0247j I 6/2018



2011 2012 2013 2014 2015 2016 2017

• Episode dystonic position right  arm
• Hypoaesthesia right arm 
• L’ Hermitte sign 
• Urinary urgency 

Feb 11 Brain and spinal cord MRI  
23.02.11



2011 2012 2013 2014 2015 2016 2017

• Episode dystonic position right  arm
• Hypoaesthesia right arm 
• L’ Hermitte sign 
• Urinary urgency 

May 11

• L’ Hermitte sign
• Hypoesthesia first and second finger 

right arm 

• Brain and SC MRI: no further changes
• VEP normal
• SEP: abnormal for cervical right arm
• Blood test normal
• OB negative 



2011 2012 2013 2014 2015 2016 2017

• Episode dystonic position right  arm
• Hypoaesthesia right arm 
• L’ Hermitte sign 
• Urinary urgency 

Feb 15

• L’ Hermitte sign
• Hypoesthesia first and second finger 

right arm 

• Paroxistic sensory symptoms right arm 

• Paresis of right arm 

• Brain and SC MRI: no further changes
• Anti NMO and Anti MOG negative
• OB positive



2011 2012 2013 2014 2015 2016 2017

• Episode dystonic position right  arm
• Hypoaesthesia right arm 
• L’ Hermitte sign 
• Urinary urgency 

Feb 17

• L’ Hermitte sign
• Hypoesthesia first and second finger 

right arm 

• Paroxistic sensory symptoms right arm 

• Paresis of right arm 
• Hemiparesis right limbs
• EDSS 4.0



PPMSA

NMOSDB

Solitary SclerosisC

Inflammatory myelitis D

OtherE

Which is 
your 
diagnosis?



PPMSA

NMOSDB

Solitary SclerosisC

Inflammatory myelitis D

OtherE

Which is 
your 
diagnosis?



Solitary lesion

30 cases
Keegan BM et al. Neurology 2016;87:1713-1719

* The remaining 2 patients were African American and of Asian descent; ethnicity of 6 patients was not documented



Learning objectives

• Describe the new diagnostic criteria for MS
• Application in clinical practice 
• Consider the next steps



n=566 Criteria fulfillment
n (%)

DIS and DIT 2010 159 (28.1)
DIS and DIT 2017 168 (29.7)
DIS and +OB 2017 263 (46.5)
Complete 2017 McDonald criteria 291 (51.4)

Abbreviations: DIS: dissemination in space; DIT: dissemination in time.

McDonald criteria

Application on the 2017 McDonald criteria in clinical practice 

The 2017 revisions to the McDonald criteria increase the proportion of patients 
diagnosed with MS by  23 % at the time of the CIS.

Arrambide G, Tintore M, Espejo C et al 34th ECTRIMS Berlin 2018 



• 325 patients with a CIS:
- 2005 McDonald criteria: 22%
- 2010 McDonald criteria: 42%
- 2017 McDonald criteria: 66%

- Symptomatic lesion: 20%
- OB+: 97%

The 2017 revisions to the McDonald criteria increase the proportion of patients diagnosed 
with MS by 24% at the time of the CIS.



The 2017 revisions to the McDonald criteria: EARLIER Dx



250 RRMS patients: Retrospective analysis
- 2010 McDonald criteria: median time to 
dx: 7.4 months
- 2017 McDonald criteria: median time to 
dx: 2.3 months

The 2017 revisions to the McDonald criteria: EARLIER Dx



The 2017 revisions to the McDonald criteria: higher sensitivity and accuracy but lower specificity



163 with CIS from seven Korean hospitals: Retrospective analysis, follow up 63 months 

The 2017 revisions to the McDonald criteria: higher sensitivity and accuracy but lower specificity
In Korean CIS 



The 2017 revisions to the McDonald criteria: higher sensitivity and accuracy but lower specificity
In Croatian patients



Learning objectives

• Describe the new diagnostic criteria for MS
• Application in clinical practice 
• Consider the next steps



Diagnostic criteria: 2017



RIS can be defined as the presence 
of asymptomatic lesions typical of MS

Preclinical 
phase

Radiologically isolated syndrome

RIS, radiologically isolated syndrome
Adapted from Compston A & Coles A. Lancet 2002;359:1221-1231; Okuda DT et al. Neurology 2009;72:800-805

Relapsing remitting Secondary progression

THE LANCET • Vol 359 • April 6, 2002 • www.lancet.com



Yes

Tintoré M & Montalban X. Mult Scler 2018;24:123-125



Solitary lesion

30 cases
Keegan BM et al. Neurology 2016;87:1713-1719

* The remaining 2 patients were African American and of Asian descent; ethnicity of 6 patients was not documented



Take-home messages

• For establishing DIS and DIT, symptomatic lesions should be accounted for

• In patients not fulfilling DIS plus DIT, DIS plus +OB establishes the diagnosis of MS

• In PPMS, symptomatic lesions should be accounted for

Bove RM & Hauser SL. Lancet Neurol 2018;17:109-111




