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MRI 2THN AIAITNQ2H THZ MS

[lpiv T0 1988 KpITr)pIa KATG Poser Xwpig va
mmepIAappavel MRI

1988 — 1997 Patty ka1 Fazekas, mrepiAaupavouv M

1997 -2001 Barkhof ka1 Tintoré, e¢€Aicav Eva
aBpoIoTIKO TUXAiIO MOVTEAO 4 TTAPAMETPWY PACICOMEVC
otnv MRI

2001 — McDonald criteria - McDonald WI, et al.
Ann Neurol
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3 Types of cortical MS lesions

Type I
leucocortical

Type 11
intracortical

Type II1
subpial
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Perivasc 3 black
arrows). yp lesions
on T2*-weighted GRE sequence at 7T (A and B, white arrows).

K. Kollia, S. Maderwald, et a/ First Clinical Study on Ultra-High-Field MR

Imaging in Patients with Multiple Sclerosis: Comparison of 1.5T and 7T
AJNR Am. J. Neuroradiol., Apr 2009; 30: 699 - 702.
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Central Veins in Brain Lesions Visualized With High-Field Magnetic Resonance Imaging. A Pathologically Specific Diagnostic
Biomarker for Inflammatory Demyelination in the Brain.

Niraj Mistry, MA; Jennifer Dixon, PhD; Emma Tallantyre, PhD; et al Christopher Tench, PhD; Rasha Abdel-Fahim, MBBCh; Tim Jaspan, FRCR; Paul S.
Morgan, PhD; Peter Morris, PhD; Nikos Evangelou, FRCP JAMA Neurol. 2013;70(5):623-628. doi:10.1001/jamaneurol.2013.1405
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MAGNIMS consensus guidelines on the use of MRI in multiple sclerosis 2015

Axial proton-density and/or
weighted

L]
Sagittal 2D or 3D T2-FLAIR
[ ] |
2D or 3D contrast-enhancec
Optional seqguences

[ ] |
Unenhanced 2D or high-res
isotropic 3D T1-weighted

[ ] |
2D and/or 3D dual inversio
[ ] |
Axial diffusion-weighted ima

examinations
sequences

yn-density and/or T2-FLAIR/T2-
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yciation and the Swedish Neuroradiological Soc

Recommended MRI protocols

ic protocol Follow-up protocol

re-contrast) 1. Administration of GBC/
age sensitive sequence
5RE, or FFE) 2. Axial T2
3. 3D T2-FLAIR
ration of GBCA 4. 3D T1 (Post-contrast)

AIR A XPONOKAOY2TEPH2H

ost-contrast)

Acta Neurol Scand 2017; 135: 17-24



)r the use of magnetic resonance imaging in diagnosing and
of multiple sclerosis: recommendations of the Swedish Multi
Association and the Swedish Neuroradiological Society

First MRI (Diagnostic protocol)

MRI 3—-6 months after diagnosis (Follow-up protocol)

MRI 6—12 months after previous MRI (Follow-up protocol)

MRI every 12 months (Follow-up protocol)
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2001 — McDonald criteria - McDonald WI, et al.
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Recommended Diagnostic Criteria for

Multiple Sclerosis: Guidelines from the

[nternational Panel on the Diagnosis of
Multiple Sclerosis

W lan MeDonald, FROE' Alistair Compston, FRCOP? Gillss Edan, MDY Donald Goodkin,*

Hans-Peter Horma 241 % Grad T Tahlin BITS Hanae B cGaeland am 7
Chris
William Sihley

Tianald W Dawe Aam 3

Diagnostic Criteria for Multiple Sclerosis:
2005 Revisions to the “McDonald Criteria”

Chris H. Polman, MD, PhD,' Stephen C. Reingold, PhD,* Gilles Edan, MD * Massimo Filippi, MD,?
Hans-Peter Hartung, MD,” Ludwig Kappos, MD,® Fred D. Lublin, MD,” Luanne M. Merz, MD,®

RAPID COMMUNICATION

Diagnostic Criteria for Multiple Sclerosis:

2010 Revisions to the McDonald Criteria
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MRI criteria for the diagnosis of multiple sclerosis: MAGNIMS
consensus guidelines
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establish dissemnimation in space and time have become available, and MR sechnology has improved. State-of-thean
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22 — DIS = eorTieg MR
1Gd+nR9T2 |
1 uTToPAOCILWON &
1 UTTOOKNVIBIOKN
3 TTEPIKOINIOKES

> 2 MRI eoTie¢ oupPartég pe M + ENY (+)

Avapuovn yia ETTOUEVN KAIVIKH) Won 0€ GAAO ONMEI

223 — DIT = goTieg MRI
1)MRI 23 yAveg amé Q : 1 Gd + # Q/Z R
Néa MRI 3 pfpveg = Néc
2) MRI <3 pARveg amd Q : Néa MRI 2 3 d




ATTEIKOVIOTIKA KPITHPIO
ayvnTikNG Touoypaiag

On EVVEA N TTEPICCOTEPWYV TTAOKWYV, EK Ti
AXIOTOV Hia pe TTPOCANWN OKIOYPOA@IKOU
)AouBia.

ATTO TIC ATTOMUEAIVWTIKEC TTAAKEC VO

OTO TOIXWHA TWV _EYKEQAAIKWY KOIAIWV.
TWV TTAOKWYV va evToTTiCETAI TNV

3/4 kpiTApia
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1) DIS Eykepalou ( = o€ B€on TnG X oTOV EYKEPAAO)
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piTnpia MRI: AlaoTTOpA CGTOV X

OVO £V KPIT

1 acuputrTwpaTikn BAGRN (uwnAd crua oTnv
oAouBia)

= 2 amo 4 €VTOTTIOEIC TTOU BewpouvTal Xap
OAANQTTAN OKARpUVON OTa TTPONYOUMNEVA KPIT

Montalban X , Tintoré M , Swanton J , et al.
MRTI criteria for MS in patients with clinically isolated syndroms.
Neurology February 2010; 74: 427-434




Kpitnpia MRI: AlaoTro

AUo KpITApPIA
1. lNapouaoia TouAaxIoTOV 1 N TTER
BAaBwv TTOU gvioxXUoVTal UETA TAV
gadolinium ry/kai un eVIOXUOUEVEGS
ecetaonc MRI

2. lNapouacia piag véacg BAARNG YE
aKvouela Kai/n awoxuopsvng MET

Montalban X , Tintoré M , Swanton J , et al.
MRTI criteria for MS in patients with clinically isolated syndroms.
Neurology February 2010; 74: 427-434




MRI at any time

without DIS

MRI at any time with MRI at any time with
DIS but not DIT DISand DIT

New MRI:
DISand DIT

New MRI: DIT

\

DIS

DIT

=21 asymptomatic lesion in each of 22 (i) Simultaneous presence of
characteristic locations: asymptomatic Gd enhancing and non-

PV, JC, PF, spinal cord enhancing lesion(s) at any time

(ii) A new T2 and/orGd-enhancing lesion
on follow up MRI irrespective of timing of
baseline scan

This algorithm only applies to patients with typical CIS, aged 14 to 50 years and after having
performed a complete diagnostic workup.
MAGNIMS group; Montalban et al, Neurology 2010.
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Recommended Diagnostic Criteria for
Multiple Sclerosis: Guidelines from the
International Panel on the Diagnosis of

Multiple Sclerosis

W lan McDonald, FRCP,' Alistair Compston, FRCP,” Gills Edan, MD," Donald Goodkin,*
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o Diagnostic Criteria for Multple Sclerosis:
2005 Revisions to the “McDonald Ciriteria”
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Diagnostic Criteria for Multiple Sclerosis:
2010 Revisions to the McDonald Criteria

Chris H. Palman. MO, PhD.' Stephen C, Reingald, PhD.* Brenda Baswell, MD,”
Miche! Clanet, MD,' Jeffrey A. Cohen, MD,” Massimo Fi ippi, MD," Kazuo Fujihars, MD,
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MRI criteria for the diagnosis of multiple sclerosis: MAGNIMS
consensus guidelines

2016
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In patients presenting with a dinically isolated syndrome, MRI can support and substisute cimical information in e wus s 136
dlagnosis of multiple scleresis by showing di du thon In space and theme and by helpleg to exclisde disorders  ainrad i

that can mimic multiple sclerosis. MRI criteria were first included in the diagnostic work-up for multiple sclerosis in v &5 8 v
2001, and since then several modifications to the criteria have been proposed in an attempt to simplify lesion-coant :’:““:\“‘»::"“
models for showing disease dissemination in space, change the timing of MRI scanming to show dissemination in time, -~
and increase the value of spinal cond imaging. Since the last update of these criteria, new data on the use of MRI 10 o 1p e soors s
establish dissemnimation in space and time have become available, and MRI sechnology has improved. Stiteoftheant  wow s §
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TABLE 1: 2010 McDonald MRI Criteria for
Demonstration of DIS

DIS Can Be Demonstrated by >1 T2 Lesion™ in at
Least 2 of 4 Arecas of the CNS:

Periventricular
Juxtacortical
Infratentorial

Spinal curdb

39

Based on Swanton et al 2006, 2007.2%%

*Gadolinium enhancement of lesions is not required for
DIS.

°If a subject has a brainstem or spinal cord syndrome, the
symptomatic lesions are excluded from the Criteria and do
not contribute to fesion count.

MRI = magnetic resonance imaging; DIS = lesion dissemi-
nation in space; CNS = central nervous system.

Panel 2: Recommended 2016 MAGNIMS MRI criteria to
establish disease dissemination in space in multiple sclerosis

Dissemination in space can be shown by involvement® of at
least two of five areas of the CNS as follows:

Three or more periventricular lesions

One or more infratentorial lesion
One or more spinal cord lesion

+ DOneor mare optic nerve lesion

One or more cortical or juxtacortical lesiont

*If a patient has a brainstern or spinal cord syndrome, or optic newritis, the
symptomatic besion (or lesions) are not excluded from the criteria and contribute to the

lesion count. +This combined terminology indicates the imvohvernent of the white
matter next to the cortex, the imvolvement of the cortex, or bath, thereby expanding
thie term juxtacortical lesion.
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Recommended 2016 MAGNIMS MRI criteria to establish disease
dissemination in space in multiple sclerosis

ination in space can be shown by involveme
o of five areas of the CNS as follows:

e or more periventricular lesions
or more infratentorial lesion

or more spinal cord lesion
Or more optic nerve lesion

or more cortical or juxtacortical lesio

*If a patien ptomatic
lesion (or le )n count.
tThis combined ology indica volv g W . t to the

cortex, the involvement of the cortex, or both, thereby expanding the term juxtacortical lesion.



Recommended 2016 MAGNIMS MRI CRITERIA:

DIS CRITERIA:
)r more periventricular lesions was the most accura

documentation of optic nerve atrophy or
europhysiological confirmation of optic
sfunction, or imaging features of clinically
tic nerve support dissemination in space.

s with single symptomatic lesion behave similar tha
with one asymptomatic lesion.

lon in MRI diagnostic criteria is promising due to:
ication of CIS patients at risk of evolution to MS
differential diagnosis from other neurological cond



Alaotropd ot1o Xwpo (DIS
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EPIKOIAIOKA

PAoiikEg/MapagAoiwdeig (cortical / juxtracortical)
TTOOKNVIOIaKA
wTlaio MuegAo




MC DONALD CRITERIA (2017)

AlaotTOpA OTO

TOXPova OAAOIWOEIC PJE KAl XWPIC evioxuan,.
N
T2 n/kai evioxuouevn BAGRN o€ eTTAVEAEYXO
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2UUTTTWHATIKEC BAGPBEC

IOJOG CUUTITWHATIKWY TTEPIOXWV: TeualiocOnaia
o ETTNPEACEl TNV EIOIKOTNTA Brownlee WJ, Mult Scler. 2015

OG O TIPOCOIOPICHUOC QCUUTITWHATIKWY OTA NI

OTIKEG & ACUMUTTTWHATIKEG EOTIEG UTTOAOYICO
0o dl10pIocNO DIS kai DIT
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psing forms (Charcot type)
S — clinically isolated syndrome
— relapsing-remitting
— secondary progressive
mary progressive (PP)
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MORPHOMETRY RESULTS

Brain Structure Volume (cm?*)

% of ICV
(5%-95% Normative Percentile)

Whole Brain 1059.56

65.00 (70.03 - 77.74)
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3.47 (0.85 - 3.30)
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0.77 (0.76 - 0.97)
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FreeSurfer

» Automated calculation of cortical thickness

* Automated subcortical segmentation

Dale, Fischl et al., Neurolmage 1999
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ltiple sclerosis mimickers that
Ifest with dissemination of lesio
ce or dissemination in time or b

Hypoxic-ischemic SVD, ARWMC, SAE, antiphospholipid syndrome,
vasculopathy migraine, thromboembolic disease, vasculitis,
CADASIL, CAA, Susac’s syndrome

Inflammatory/ Non-MS IIDD (e.g., ADEM, NMO, IMT), primary CNS

inflammatory vasculitis, Behc,et, SLE, sarcoidosis,

autoimmune Wegener granulomatosis, Sj€ogren’s disease,
Susac’s syndrome, celiac, IBD, CLIPPERS

Infectious PML, HIV encephalopathy, HTLV, Lyme, Whipple,
neurosyphilis, cysticercosis, toxoplasmosis

Toxic and metabolic CPM, PRES, MB, Wernicke, vitamin B12 deficiency

Tumoral Glioma, metastasis, lymphoma, lymphomatoid
granulomatosis

Hereditary/unknown CADASIL, mitochondrial disorders, Fabry’s disease
and other leukodystrophies, Susac’s syndrome

Aliaga ES, Barkhof F. Handb Clin Neurol. 2014.




Magnetic resonance imaging (MRI) red flags

MRI major red flags

Possible alternative diagnosis

Cerebral venous sinus thrombosis

Hemorrhage or microbleed

Meningeal enhancement

Cortical infarcts

Caleifications on CT scans

Selective mvolvement anterior temporal,
inferior frontal

Lacuna

Persistence of contrast enhancement or
continued enlargement of lesions

Simultaneous enhancement of all lesions

T2-hyperintensity dentate nucleus

Tl-hypefrintensity in the pulvinar

Large and infiltrating brainstem lesions

Predominance of lesions at the
corticosubcortical junction

Behget’s disease; vasculitis; chronic meningitis, antiphospholipid or
anticardiolipin antibody syndromes

Amyloid angiopathy: Moyamoya disease; CADASIL; vasculitis

Chronic meningitis; sarcoidosis; lymphomatosis; CNS vasculitis

Embolic disease:; thrombotic thrombocytopenic purpura; vasculitis

Cysticercosis; toxoplasmosis, mitochondrial disorders

CADASIL

Hypertensive 1schemic disease; CADASIL; Susac syndrome
Lymphoma; glioma; vasculitis; sarcoidosis

Vasculitis; lymphoma: sarcoidosis
Cerebrotendinous xanthomatosis
Fabry disease: hepatic encephalopathy; manganese toxicity

Behget’s disease; pontine glioma; embolic infarction; vasculitis; progressive

multifocal leukoencephalopathy

Embolic infarction; vasculitis; progressive multifocal leukoencephalopathy

Aliaga ES, Barkhof F. Handb Clin Neurol. 2014.
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Review

MRI and the diagnosis of multifale sclerosis: expanding the
concept of ‘no better explanation"

Arnaud Chanl Tarek A Yousry, Marco Rovars, Fredenk Barkhof, Nicola De $tqam FranzF
Chns Polman, Massimo Filippe

Fazekas, Dowd H Miler, Xovaer Montdban, Jack H Simaon,

Although the diagnosis of multiple sclerosis relies on the dé-munsir.nmn of disease dissemination in space and time,
the exclusion of other neurological disorders is also esseniial. The limited specificity of abnormalities disclosed by
MRI may increase the likelihood of diagnosis of multiple scliprosis in patients affected by other disorders. The available
criteria for diagnosis of multiple sclerosis have not taken jdvantage of the potential of MRI to detect features “not
suggestive” of multiple sclerosis. Recognition of such featuries in the work-up of patients suspected of having multiple
sclerosis may reduce the likelihood of a false positive duunfu.sl_\ of the disorder in some, while suggesting the correct
alternative diagnosis in other patients. On the basis of ll%i.\ a workshop of the European MAGNIMS (Magnetic
Resonance Network in Multiple Sclerosis) was held to define a series of MRI red flags in the setting of clinically
suspected multiple sclerosis that is derived from evidence-based findings and educated guesses. The presence of such
red flags should alert clinicians to reconsider the differentidl diagnosis more extensively. In this review we will report
on the conclusions of this international consensus, which: should represent a first step bevond the concept of “no
better explanation”, and inform future diagnostic criteria luir multiple sclerosis
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