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“Use of brain MRI for differential diagnosis in multiple sclerosis”

Conventional MRI measures 
T2 and CE T1-WI

• Highly sensitive for detecting MS plaques

• Provide quantitative assessment of inflammatory activity and lesion load

• Most important paraclinical tool for diagnosing and monitoring MS

T2-weighted
Post-contrast
T1-weighted

Uses of MRI in Multiple SclerosisUses of MRI in Multiple Sclerosis

CIS patientsCIS patients

•• Diagnosis, prognosis (early conversion, frequency/severity of relapses, disability Diagnosis, prognosis (early conversion, frequency/severity of relapses, disability 

progression) progression) 

Multiple sclerosisMultiple sclerosis

•• Inflammation: disease activity, monitoring , prognosis, predicting treatment responseInflammation: disease activity, monitoring , prognosis, predicting treatment response

•• NeurodegenerationNeurodegeneration: prognosis, predicting treatment response, : prognosis, predicting treatment response, neuroprotectiveneuroprotective effecteffect

Clinical trialsClinical trials

•• Stratifying study populations Stratifying study populations 

•• Primary endpoint (phase II clinical trials)Primary endpoint (phase II clinical trials)

•• Secondary endpoint (phase III clinical trials)Secondary endpoint (phase III clinical trials)

Clinical threshold

Brain MR

April  2010

2010 McDonald 

criteria

Early diagnosis of MS with a single contrast-

enhanced brain MRI

29 year-old woman with 

unilateral optic neuritis

Rovira et al. Arch Neurol 2009

subclinical events

clinical events

CIS MS

McDonald criteria 2010

CIS

Optic neuritis
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2010 Diagnostic criteria: key points

PolmanPolman et al., Ann et al., Ann NeurolNeurol 20112011

TheThe useuse ofof imagingimaging forfor demonstrationdemonstration ofof disseminationdissemination ofof centralcentral nervousnervous systemsystem lesionslesions

inin spacespace andand timetime hashas beenbeen simplified,simplified, andand inin somesome circumstancescircumstances disseminationdissemination inin spacespace

andand timetime cancan bebe establishedestablished byby aa singlesingle MRMR scanscan..

ThisThis revisionrevision……

……simplifiessimplifies thethe CriteriaCriteria

……preservespreserves theirtheir diagnosticdiagnostic specificityspecificity butbut increasesincreases thethe sensitivitysensitivity

……addressesaddresses theirtheir applicabilityapplicability acrossacross populationspopulations (pediatric,(pediatric, LatinoLatino--America,America, Asian)Asian)

……maymay allowallow earlierearlier diagnosisdiagnosis

……moremore uniformuniform andand widespreadwidespread useuse

••ScansScans mustmust bebe technicallytechnically adequateadequate

••TheThe simplificationsimplification andand lessless restrictiverestrictive McDonaldMcDonald criteriacriteria maymay ultimatelyultimately

compromisecompromise diagnosticdiagnostic specificityspecificity (overdiagnosis)(overdiagnosis)

••InterpretationInterpretation mustmust bebe donedone byby expertsexperts::

••withwith knowledgeknowledge ofof relevantrelevant clinicalclinical andand laboratorylaboratory informationinformation

••withwith enoughenough skillsskills toto recognizerecognize thethe fullfull rangerange ofof brainbrain andand spinalspinal cordcord MSMS imagingimaging

abnormalitiesabnormalities

••familiarfamiliar withwith atypicalatypical featuresfeatures thatthat shouldshould raiseraise thethe diagnosisdiagnosis ofof otherother diseasesdiseases (“red(“red

flags”)flags”)

Application of the 2010 McDonald MRI criteriaApplication of the 2010 McDonald MRI criteria

Solomon et al. Neurology 2012

Misdiagnosis of MS

••CommonCommon ((academicacademic institutionsinstitutions))

••MainlyMainly duedue toto overuseoveruse andand improperimproper

interpretationinterpretation ofof MRIMRI (non(non specificspecific

findingsfindings))

••>>2525%% underunder treatmenttreatment ((difficultdifficult toto taketake

awayaway))

IncreaseIncrease specificityspecificity of MRI of MRI findingsfindings isis

highlyhighly requiredrequired

Situations in which misdiagnosis may occur

Modified from Rudick and Miller. Neurology 2013

Kim et al. Mult Scler J 2013

Situation

••PreclinicalPreclinical diagnosisdiagnosis

••Diagnosis at Diagnosis at firstfirst symptomsymptom

••MS MS mimicsmimics

Pitfalls

••Incidental MRI Incidental MRI findingsfindings suggestsuggest MSMS

••DifficultDifficult whenwhen clinicalclinical presentationpresentation isis atypicalatypical

••e.ge.g. Vasculitis, . Vasculitis, lymphomalymphoma, , hipoxichipoxic--ischemicischemic

vasculopathiesvasculopathies, , sarcoidosissarcoidosis, , LymeLyme diseasedisease……

normal population aged 18normal population aged 18--50 (550 (5--10%)10%)

migraine (x4)migraine (x4)

MisdiagnosisMisdiagnosis has has significantsignificant consequencesconsequences::

•• PatientPatient carecare

•• HealthHealth carecare systemsystem costcost ((overtreatmentovertreatment))

According to the 2010 McDonald criteria does this patient fulfils criteria for 

dissemination in space and time?

1.1. YesYes

2.2. NoNo

Visual loss right eyeVisual loss right eye

According to the 2010 McDonald criteria does this patient fulfils criteria for 

dissemination in space and time?

1.1. YesYes

2.2. NoNo

Visual loss right eyeVisual loss right eye
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1.1. YesYes

2.2. NoNo

Visual loss right eyeVisual loss right eye

Would you establish a diagnosis of multiple sclerosis?

1.1. YesYes

2.2. NoNo

Visual loss right eyeVisual loss right eye

Would you establish a diagnosis of multiple sclerosis?

1.1. YesYes

2.2. NoNo

Visual loss right eyeVisual loss right eye

Would you establish a diagnosis of multiple sclerosis?

SensorineuralSensorineural hearinghearing lossloss, , branchbranch retinalretinal arteryartery occlusionsocclusions

MS

•• LesionsLesions involveinvolve centrallycentrally thethe CCCC ((100100%%))

•• ““StringString ofof pearlspearls”” inin posteriorposterior limblimb ofof ICIC

•• LeptomeningealLeptomeningeal enhancementenhancement

Rennebohm et al. J Neurol Sci 2010Susac syndrome

Snowballs String of pearls

Leptomeningeal enhancement

Courtesy F. Bonneville (Toulouse)

Diagnostic strategy in patients with multifocal brain T2 Diagnostic strategy in patients with multifocal brain T2 

lesions of unknown originlesions of unknown origin

–– Distribution (Distribution (perivenularperivenular) and shape of lesions) and shape of lesions

–– Signal patternSignal pattern

–– Involvement:Involvement:

cortical grey mattercortical grey matter

callososeptalcallososeptal interfaceinterface

UU--fibersfibers

brainstem brainstem 

spinal cordspinal cord

�� DemographicDemographic datadata

�� FamilyFamily historyhistory

�� Vascular Vascular riskrisk factor factor profileprofile

�� ClinicalClinical informationinformation / CSF / CSF analysisanalysis

�� Full Full rangerange of of imagingimaging abnormalitiesabnormalities

Diagnostic strategy in patients with multifocal brain T2 Diagnostic strategy in patients with multifocal brain T2 

lesions of unknown originlesions of unknown origin

–– Distribution (Distribution (perivenularperivenular) and shape of lesions) and shape of lesions

–– Signal patternSignal pattern

–– Involvement:Involvement:

cortical grey mattercortical grey matter

callososeptalcallososeptal interfaceinterface

UU--fibersfibers

brainstem brainstem 

spinal cordspinal cord

�� DemographicDemographic datadata

�� FamilyFamily historyhistory

�� Vascular Vascular riskrisk factor factor profileprofile

�� ClinicalClinical informationinformation / CSF / CSF analysisanalysis

�� Full Full rangerange of of imagingimaging abnormalitiesabnormalities
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Kutzelnigg et al. Brain 2005

Cortical gray matter involvement in MS

RRMS SPMS PPMS

focal demyelinated plaques in the white matter

cortical demyelination

demyelinated lesions in the deep grey matter

Cortical gray matter involvement in MS

Trapp and Nave. Ann Rev Neurosci 2008

Lucchinetti et al. NEJM 2012

Sensitivity  depends on lesion type

Cortical gray matter involvement in MS

Post-mortem imaging

Geurts et al. J Neurol 2008

cMRI detects <10% of pure intracortical lesions

Higher detection of mixed lesions

mixed lesionmixed lesion subpialsubpial lesionlesion

Juxtacortical lesions
MRI features in MS

Courtesy of Dr. García-Merino

PD T2

Juxtacortical lesions
MRI features in MS

Courtesy of Dr. García-Merino

T2-FLAIRPD T2
FLAIR DIR PSIRPDT2

Cortical lesions in CIS  (3T)

subpialsubpial lesionlesion
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Sensitivity  depends on lesion size (1.5T): 13.3 mm vs 6.9mm, p = 0.001

No differences in terms of histopathology

Cortical gray matter involvement in MS

Post-mortem imaging

Seewan et al. Mult Scler J 2011

MRI visible

MRI invisible

Visible lesions correlate with 

overall number of lesions  r = 

0.96

� Selective saturation of CSF and white matter 

� Improve visualization of cortical-juxtacortical lesions 

� Increase in cortical lesions associated with cognitive impairment

� Low signal/noise (3,0T) 

� Artifacts (false positives) archi/paleocortex

Double inversion-recovery (DIR) sequences

DIR

FLAIR

Wattjes et al. Am J Neuroradiol 2006

Geurts et al. Radiology 2005

Roosendaal et al. Mult Scler 2009

• Low interobserver concordance (cortico-juxtacortical lesions) (5 observers)

19.4% lesions (5)

39.5% lesions (4-5)

54.0% lesions (3-5)

Better concordance for mixed lesions (juxtacortical)

Worst concordance for pure cortical lesions

Geurts et al. Neurology 2011

Double inversion-recovery (DIR) sequences Cortical / juxtacortical lesions

Double-inversion recovery sequences (3.0T)

DIRFLAIRPDT2

Sethi et al. JNNP 2012

Detection of cortical MS lesions with phase-sensitive inversion recovery MRI

(PSIR)

DIS Polman 2005
DIS Polman 2010
DIS Filippi 2010

Sensitivity

74 %
86%
77%

Specificity

73%
42%
93%

Accuracy

74%
61%
86%

OR

7.9
4.3

47.3

At least 2 of the following:

•1 enhancing or 1 spinal cord lesion
•1 infratentorial lesion
•1 cortical lesion

DIS Filippi 2010

DIS Polman 2005

DIS Polman 2010

YES

NO

Filippi et al. Neurology 2010

Cortical lesions in CIS and diagnostic criteria
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Perivenular  topography of MS plaques
“Dawson‘s fingers“

HR MR venography (SWI)

venule
plaque

Dawson J. Trans Roy Soc Edinb 1916

Ormerod et al. Brain.  1987

Susceptibility-weighted MR imaging

•• Novel MR technique described by Novel MR technique described by HaackeHaacke et al. (MRM 2004) et al. (MRM 2004) 

•• Contrast based on the differences in “Contrast based on the differences in “Magnetic SusceptibilityMagnetic Susceptibility” properties ” properties 

of tissuesof tissues

•• IncreasesIncreases sensitivitysensitivity andand conspicuityconspicuity ofof MRIMRI forfor detectingdetecting ironiron containingcontaining

tissuestissues andand smallsmall veinsveins ((highhigh concentrationconcentration ofof deoxihemoglobindeoxihemoglobin)) duedue toto

theirtheir paramagneticparamagnetic propertiesproperties

SusceptibilitySusceptibility--weightedweighted imagesimages

VeinsVeins visibilityvisibility IronIron withinwithin basal basal gangliaganglia and and thalamithalami

((lowlow signalsignal))

Susceptibility-weighted MR imaging

x =

Magnitude Phase (unwrapped and filtered) SWI

•• High High resolutionresolution 3D GE 3D GE sequencesequence (TE: 24ms)(TE: 24ms)

•• VelocityVelocity compensantedcompensanted

•• Magnitude image is multiplied by unwrapped and filtered phase imageMagnitude image is multiplied by unwrapped and filtered phase image

Susceptibility-weighted MR imaging

Applications in Multiple Sclerosis

•• AssessmentAssessment of of brainbrain venousvenous vasculaturevasculature visibilityvisibility duedue toto thethe

paramagneticparamagnetic effecteffect of of deoxihemoglobindeoxihemoglobin ((signalsignal lossloss): ): inverseinverse BOLD BOLD 

effecteffect

•• AssessmentAssessment of of IronIron depositiondeposition: : deepdeep grey grey mattermatter, focal , focal lesionslesions

VeinsVeins mappingmapping IronIron depositiondeposition: : deepdeep grey grey mattermatter

((arteriskarterisk),  focal ),  focal lesionslesions ((arrowsarrows))

*

*

Susceptibility-weighted MR imaging

Central vein visibility 

••Tan et al. Tan et al. identifiedidentified a central a central veinvein in 45% of focal in 45% of focal lesionslesions (1.5T)(1.5T)
Tan et al. Am J Neuroradiol 2000

••PresencePresence of central of central veinvein isis almostalmost constantconstant in in periventricularperiventricular lesionslesions at 7Tat 7T

7T3T

A central vessel could be identified in:A central vessel could be identified in:

••45% of visible lesions using 3T45% of visible lesions using 3T

••87% of visible 87% of visible lesionslesions usingusing 7T7T

••8% of incidental WM 8% of incidental WM lesionslesions at 7Tat 7T

Tallantyre et al. Invest Radiol 2009

Susceptibility-weighted MR imaging

Central vein visibility 

Tallantyre et al. Neurology 2011

7T

PresencePresence of a central of a central veinvein couldcould bebe a a markermarker toto discriminatediscriminate betweenbetween MS and MS and 

incidental WM incidental WM lesionslesions
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FLAIR* sequence (3T)

Central vein visibility 

SWIFLAIR FLAIR*

Iron deposition within lesions (MS)

�� ExtravasationExtravasation of of RBCsRBCs acrossacross thethe BBB (BBB (macrophagesmacrophages): ): microbleedsmicrobleeds

�� EnhancedEnhanced uptakeuptake of of microgliamicroglia
•• UpUp--regulationregulation of of transferrintransferrin receptor receptor expresionexpresion

•• PhagocytosisPhagocytosis myelinmyelin/OG /OG debrisdebris ((macrophagesmacrophages))

An iron labeled vessel with associated microgliosis and double labeled cells revealing iron deposits within reactive microglia

Williams et al.  BMC Neuroscience 2011
Williams et al.  J Neurochem 2012

Intralesional susceptibility signal (ISS) in CIS

SWIFLAIR
FLAIR T1-gad SWI

Intralesional susceptibility signal (ISS) in CIS

No Intralesional susceptibility signal (ISS) in migraine

FLAIR

SWI

ConclusionsConclusions

��ConventionalConventional MRIMRI techniquestechniques,, whichwhich areare highlyhighly sensitivesensitive forfor

detectingdetecting CNSCNS demyelinatingdemyelinating plaques,plaques, areare recognizedrecognized asas thethe

mostmost importantimportant paraclinicalparaclinical tooltool forfor diagnosingdiagnosing MSMS

��IncidentalIncidental findingsfindings andand vascularvascular lesionslesions maymay mimickmimick MSMS

��MRIMRI patternpattern inin MSMS isis usuallyusually relativelyrelatively specificspecific whenwhen thethe fullfull

rangerange ofof signalsignal abnormalitiesabnormalities areare takentaken intointo considerationconsideration

��NonNon--conventionalconventional techniquestechniques improveimprove thethe specificityspecificity ofof MRIMRI

inin selectedselected casescases
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Neuroimmunology Unit MRI Neuro Unit
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