
Department of Neurology, www.meduni-graz.at/neurologie

Teaching Course 19
NEUROIMAGING

Multiple Sclerosis & allied
white matter conditions
Christian Enzinger

Dept. of Neurology
Medical University of Graz, Austria
chris.enzinger@medunigraz.at

http://www.meduni-graz.at/neurologie
http://www.go2pdf.com


Department of Neurology, www.meduni-graz.at/neurologie

Disclosures

8 C. Enzinger has received travel grants and speaker honoraria from
Biogen-Idec, Teva-Aventis, Merck-Serono, Bayer-Schering and
Teva Pharmaceutical Industries Ltd.

8 He has served as consultant or on scientific advisory boards for
Biogen-Idec, Teva-Aventis, Novartis and Bayer-Schering.

8 He has received unrestricted research grants from Teva-Aventis,
Biogen-Idec and Merck-Serono.

http://www.meduni-graz.at/neurologie
http://www.go2pdf.com


Department of Neurology, www.meduni-graz.at/neurologie

Learning objectives

At the end of this presentation, participants of the teaching
course will be familiar with the following topics:

8 Typical imaging features of MS
8 Current diagnostic criteria of MS and their use in clinical

practice
8 Imaging features of allied disorders (ADEM, NMO,

atypical idiopathic inflammatory demyelinating lesions)
8 Red flags in the imaging differential diagnosis of MS
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Which patient is suffering from MS?
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AGENDA - The role of MRI in the…

8 Dx of MS
8 Dx of allied disorders
8 Differential Dx
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Lancet Neurol 2012; 11: 349–60

Pathological “specificity“ of MRI in MS
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C–F: ACTIVE LESION:
C: Active demyelinating lesion
evidenced by particles positive for
myelin proteolipid protein within
macrophages
D: Sea of macrophages
E: Reactive astrocytes (white
arrows) and axonal swellings
(green arrow)
F: Perivascular inflammation

Lancet Neurol 2012; 11: 349–60
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C–F: ACTIVE LESION:
C: Active demyelinating lesion
evidenced by particles positive for
myelin proteolipid protein within
macrophages
D: Sea of macrophages
E: Reactive astrocytes (white
arrows) and axonal swellings
(green arrow)
F: Perivascular inflammation

G,H: CHRONIC ACTIVE LESION:
G: Active macrophages at plaque
edge
H: Iron map of area boxed in G:
most iron within macrophages

Lancet Neurol 2012; 11: 349–60
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MS brain lesion characteristics

Lesion configuration ovoid (round shape)

Size of lesions > punctate

Typical lesion location periventricular, juxtacortical,
infratentorial

Lesion pattern random, asymmetric

Tissue destruction variable

Contrast enhancement frequent

http://www.meduni-graz.at/neurologie
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Diagnostic criteria for MS

8 Objective evidence for dissemination in
time and space of lesions typical for MS

8 After exclusion of a better explanation
for the clinical symptoms

Possible MSMS No MS

(McDonald WI et al., Ann Neurol 2001, Polman C et al., Ann Neurol 2005,
Polman C et al., Ann Neurol 2011)
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for the clinical symptoms

Possible MSMS No MS

(McDonald WI et al., Ann Neurol 2001, Polman C et al., Ann Neurol 2005,
Polman C et al., Ann Neurol 2011)

http://www.meduni-graz.at/neurologie
http://www.go2pdf.com


Department of Neurology, www.meduni-graz.at/neurologie

Current diagnostic criteria for MS
(context: 1st clinical episode, consistent with demyelination)

http://www.meduni-graz.at/neurologie
http://www.go2pdf.com


≥ 1 juxtacortical lesion

≥ 1 infratentorial lesion
≥ 9 T2 lesions or

≥ 1 Gadolinium enhancing lesion

≥ 3 periventricular lesion(s)

Barkhof / Tintoré criteria 2005Polman / Montalban criteria 2010

Dissemination in space:

≥1 T2-lesion in ?K2 / 4 CNS
regions typical for MS!

≥ 1

≥ 1 spinal cord lesion

http://www.go2pdf.com
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Ann Neurol 2011:69:292-302

Dissemination in time
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Contrast enhancing lesion
on T1-weighted scan:

Inflammation / active lesion

8 Gd enhanced MRI indicates break down of BBB
8 Active lesions enhance for 2 – 6 weeks
8 Modification of enhancement by

– dosage of and delay after contrast material application
– Imaging parameters
– Steroid treatment

8 Outcome variables
– Active scans
– Number of contrast-enhancing lesions / scan or cumulative

Gadolinium-diethylenetriamine
pentaacetic acid (Gd-DTPA)

8 unpaired electrons in outer layer
strongly paramagnetic, toxic (chelate)

shortening of T1- and T2

http://www.go2pdf.com
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Distribution of new ELs
according to enhancement
duration: non-gaussian,
skewed toward enhanc. ?B2
weeks (dark gray: 21 lesions
potentially affected by corticotherapy,
light gray: 92 natural history lesions)

One year, 26 RRMS, weekly
MRI for 8 weeks, e.o.w. for 16
weeks, monthly thereafter:
quantitative analysis of each
new EL (n 113) during first 6
weeks

Average duration of
enhancement: 3.07 weeks
(median: 2 weeks)

Persistence related to
max. enhanced volume and
initial growth in enhancement

http://www.meduni-graz.at/neurologie
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8 Serial MRI after MP (31 courses)
8 13 patients with definite MS
8 Gd-enhanced MRI before and after MP, then monthly
8 609 active lesions on 195 examinations
8 Directly after treatment 78% reduction in number of EL
8 No beneficial effect on rate of disappearance of related

T2-abnormalities.
8 MP effect temporary (on average 9.7 weeks)

http://www.meduni-graz.at/neurologie
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New lesion formation
(enlarging lesions)

8 Occurrence of new (focal) T2 lesions is consistent with new
areas of MS related tissue damage

8 Modifications by
– Imaging parameters (sequence, slice thickness, etc.)

8 Outcome variables
– Number of new T2 lesions
– Number of enlarging T2 lesions

Number of newly active lesions
(new and enlarging T2 and new contrast enhancing lesions)

http://www.go2pdf.com
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MRI without signs of
dissemination in space

MRI with signs only related
to dissemination in space

Dissemination in time (DIT)

I) Simultaneous presence of asymptomatic Gd
enhancing and non-enhancing lesion(s) at
any time

II) A new T2 lesion and/or Gd/enhancing lesion
on follow-up MRI irrespective of timing of
baseline scan

MRI with signs of dissemination
in space and time

New MRI to determine
dissemination in space and time

New MRI to determine
dissemination in time

MS

Dissemination in space (DIS)

?!1 asymptomatic lesion in each of ?!2
characteristic locations

•Periventricular
•Juxtacortical
•Posterior fossa
•Spinal Cord

Adapted from Montalban X et al., Neurology 2010; 74; 427-434

New proposed diagnostic algorithm
in patients with typical CIS

http://www.meduni-graz.at/neurologie
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Preserved & changed concepts

8 Overall concept of MS diagnosis unchanged

8 Dissemination in space (DIS)
– Further „upgrade“ of spinal cord lesions

– Lesion count and Gad enhancement dropped

8 Dissemination in time (DIT)
– Possibility to demonstrate DIT using one scan

– No fixed time interval between clinical attack and „baseline
scan“

8 No need for application of Gadolinium

http://www.meduni-graz.at/neurologie
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Benefits & risks
in clinical practice

8 Concentrating on lesion location rather than lesion
count facilitates interpretation of MRI

8 Elimination of a requested interval between clinical
attack and „baseline“ reference scan (which was
arbitrary) facilitates patient management

8 Accepting concomitant presence of non-enhancing
and enhancing lesions as evidence for lesion
dissemination in time now takes full advantage of the
information provided by MRI

http://www.meduni-graz.at/neurologie
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Benefits & risks
in clinical practice

8 Very few lesions and a minimal change over time
may suffice for a diagnosis of MS

8 The incentive to obtain Gadolinium enhanced scans
(and for CSF examination) has been downgraded

8 This may ultimately compromise diagnostic
specificity when applied by non-experts

http://www.meduni-graz.at/neurologie
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Risk of conversion to CDMS – the
role of oligoclonal bands from CSF

Tintoré M. et al., Neurology 2008 Mar 25;70(13 Pt 2):1079-83.
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Inflammatory events Clinical deficit(s) / disability

CIS

Clinical threshold

SPRRRIS

http://www.meduni-graz.at/neurologie
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MS spinal cord lesion
characteristics

8 Cigar shaped (in sagittal plane)
8 Extension < 2 vertebral bodies in

length and < ½ spinal cord diameter
8 Eccentric location
8 Mass effect rare
8 Cervical cord and posterior columns

preferentially affected

No incidental age-related /
vascular spinal cord lesions

http://www.meduni-graz.at/neurologie
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Spinal cord lesions in MS

Absence of spinal cord lesions may argue against MS

http://www.go2pdf.com


Department of Neurology, www.meduni-graz.at/neurologie

Conclusions –
MRI in the diagnosis of MS

8 MRI is very sensitive for MS lesions, predominantly in the
white matter

8 MS lesion characteristics focus on location, gestalt and size
8 Specificity of lesion interpretation can be enhanced by

application of contrast material and a set of MRI sequences
8 Cortical lesions are seen only to a limited extent and with

specific sequences (not available in everyday practice)
8 MS lesions in the spinal cord have also characteristic

features
8 Spinal cord MRI requires high technical standards

http://www.meduni-graz.at/neurologie
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AGENDA - The role of MRI in the…

8 Dx of MS
8 Dx of allied disorders
8 Differential Dx
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Subtypes of idiopathic
inflammatory demyelinating diseases

Poser C et al., Clin Neurol Neurosurg 2004; 106:159-171

http://www.meduni-graz.at/neurologie
http://www.go2pdf.com


Esposito Sabrina, 28/02/1980 12/03/2007

Acute disseminated encephalomyelitis (ADEM)

Mistaking other conditions as „active MS“
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Neuromyelitis optica (NMO)

8 Spinal cord imaging
– continuous lesion ?�3

vertebral segments
– longitudinal extension

(„linear“ converging lesion)
– T2 signal alteration often

comprising entire diameter
– T1-hypointensity
– variable enhancement

8 MRI of the brain
– Parenchyma entirely or

almost unremarkable (<3
lesions)

– enhancement optic nerve(s)
& chiasma opticum (85%)

Jacob et al J Neuroimmunol 2007

Relapsing myelitis ?
Gd+Gd+Gd+

Seifert T et al. Eur J Neurol 2005Recurrent optic neuritis (CRION)

http://www.meduni-graz.at/neurologie
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Neurology 2006;66:1485-1489

10-25% of clinical cases of NMO are antibody negative
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Infiltrative Megacystic

Baló-like Ring-like
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Atypical IIDLs –
concomitant MS-typical lesions

Wallner-Blazek et al,
J Neurol 2013

http://www.meduni-graz.at/neurologie
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Atypical IIDLs – Follow-up

Wallner-Blazek et al, J Neurol 2013 Aug;260(8):2016-22

http://www.meduni-graz.at/neurologie
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AGENDA - The role of MRI in the…
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8 Differential Dx
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Multiple Sclerosis ?
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Miller DH et al.,
Multiple Sclerosis
2008;14:1157-1174

Steps in MS differential diagnosis
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8 Exclude non-demyelinating diseases

– Clinical symptoms, signs and course
– Radiology – MRI
– Laboratory tests

http://www.meduni-graz.at/neurologie
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MS like MRI findings / disorder of non idiopathic
inflammatory demyelinating etiology

• Age-related white matter changes
• Behcet disease
• Bacterial infections (syphilis, Lyme disease)
• Cerebral autosomal dominant arteriopathy, subcortical infarcts and leukoencephalopathy
• Cervical spondylosis or stenosis
• HIV infection
• Human T-lymphotrophic virus I/II
• Ischemic optic neuropathy (arteriitic and nonarteriitic)
• Leukodystrophies (e.g., adrenoleukodystrophy, metachromatic leukodystrophy)
• Neoplasms (e.g., lymphoma, glioma, meningioma)
• Migraine
• Sarcoidosis
• Sjögren syndrome
• Stroke and ischemic cerebrovascular disease
• Systemic lupus erythematosus, antiphospholipid antibody syndromes and related

collagen / vascular disorders
• Unidentified bright objects
• Vascular malformations
• Vasculitis (primary CNS or other)
• Vitamin B 12 deficiency

Frohman EM et al., Neurology 2004

http://www.go2pdf.com


4%

Age related white matter hyperintensities (WMH)

45%

punctate

early confluent and confluent

C. Enzinger et al.; J Neurol 2006
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Lesion probability map in 121 MS patients. At each voxel the number of subject
who had a lesion at that particular location is represented.

Lesion probability correlating
with EDSS subscores.

a - brainstem symptoms,

b – coordination,

c – mental function,

d – sensory functions.

T. Kincses et al.; MSJ 2011

Spatial distribution of cerebral MS lesions
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Periventricular
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45, f, disturbed vision left eye, vertigo, paraesthesia lt arm

Mistaking other conditions as „active
MS“ – atypical location of lesions
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Mistaking other conditions as „active
MS“ – atypical location of lesions
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Neurology 2003; 61: 1783-1787

MS

Mistaking other conditions as „active
MS“ – SUSAC Syndrome
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Red Flags (Brain)

8 No MS typical location of at least a few lesions
8 No T1 hypointensity of larger lesions
8 Complete tissue destruction (lacunar state)
8 Cortical enhancement
8 Microbleeds
8 Specific lesion patterns, e.g. lesions predominantly in

watershed area
8 …..

http://www.meduni-graz.at/neurologie
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Red Flags (Spinal cord)

8 Longitudinally extensive signal changes
8 Complete parenchymal destruction
8 Significant mass effect
8 Evidence for bleeding / hemosiderin deposits
8 Concomitant subarachnoid / epidural changes
8 …..
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Which patient suffers from MS ?

http://www.meduni-graz.at/neurologie
http://www.go2pdf.com


Gd-T1DWI
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Diagnosing MS

Clinical Findings

typical atypicalnon-specific normal

MRI findings

typical atypicalnon-specific normal
other

pathology

lesion location
brain / spinal cord

time of evaluation
first symptom /

prolonged course

disease course
relapsing remitting /

progressive

Other diagnostic aids – CSF, VEP, laboratory

Follow-up

http://www.go2pdf.com
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Relevance for monitoring (and
selection of) treatment

Fazekas F et al., J Neuroimaging 2007
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10 / 03

03 / 04

Clinical practice
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Serial MRI: identical protocol and
repositioning are essential

8 The shaded portions represent
discrete areas of enhancement
at the lesion border, and the lines
represent possible MRI scan
sections originating from different
angulations.

8 D indicates the displacement
resulting from the repositioning
error in a follow-up scan.

8 Thus, the following results would
be obtained:

8 Line AB: Baseline scan, one
lesion

8 line AC: 3 lesions, one of which
enhances

8 line AE: 3 lesions, the first being
new or a confluence, the second
being an enlargement of a
previous one, the third being
new; the previously enhanced
lesion disappeared

(Goodkin DE, Vanderburg-Medendorp S, Ross J. Arch Neurol. 1993 Jun;50(6):569-71)
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Conclusions & recommendations:
MRI in the diagnosis of MS

8 The McDonald 2011 criteria allow for a faster and „easier“
diagnosis of MS than preceeding criteria

8 It is recommended to obtain Gadolinium enhanced scans
at least at the first evaluation of a patient with suspected
MS in order to use
– the full potential of MRI for an early definite diagnosis
– to exclude other disorders

8 Exactly comparable image acquisition (same field strength,
scanning parameters, angulation) at follow-up is of
paramount importance to rely on a new T2 lesion as
evidence for DIT

8 Additional CSF examination is recommended at first
evaluation for diagnostic and prognostic purposes

http://www.meduni-graz.at/neurologie
http://www.go2pdf.com


Department of Neurology, www.meduni-graz.at/neurologie

Reference slide

8 Polman CH et al., Ann Neurol. 2011 Feb;69(2):292-302
8 Fazekas F et al., J Neuroimaging. 2007 Apr;17 Suppl 1:50S-55S.
8 Filippi M et al., Lancet Neurol. 2012 Apr;11(4):349-60.
8 Charil A et al., Lancet Neurol. 2006 Oct;5(10):841-52.
8 Wallner-Blazek M, et al., J Neurol. 2013 Aug;260(8):2016-22
8 Yousry TA, et al., N Engl J Med. 2006 Mar 2;354(9):924-33.
8 Phan-Ba R, et al., Neurology 2012;79;1067
8 Tintoré M, et al. Neurology. 2008 Mar 25;70(13 Pt 2):1079-83. Epub

2007 Sep 19.
8 Kincses ZT, et al. Mult Scler. 2011 Jun;17(6):681-9.
8 Enzinger C, et al. J Neurol. 2006 Aug;253(8):1064-70.
8 Filippi M, et al. Arch Neurol. 2011 Dec;68(12):1514-20.
8 Miller DH et al., Multiple Sclerosis 2008;14:1157-1174

http://www.meduni-graz.at/neurologie
http://www.go2pdf.com


Department of Neurology, www.meduni-graz.at/neurologie

http://www.go2pdf.com
http://www.meduni-graz.at/neurologie


Department of Neurology, www.meduni-graz.at/neurologie

Mistaking other conditions as „active
MS“ – atypical lesions

Enzinger C, et al. Mult Scler. 2005; Seewann et al. J Neurol. 2008

Atypical idiopathic inflammatory demyelinating lesions of the brain:

from 69 reported cases 1984-2004: 27 large ring-like lesions, 11 Balolike and
11 diffusely infiltrating, 8 megacystic
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Steiner Josef, 29/06/62

19/10/98

28/11/98 Progressive multifocal leukoencephalopathy
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THE EARLIER, THE
SMALLER, THE
BETTER FOR
NATALIZUMAB-
ASSOCIATED PML:
IN MRI VIGILANCE
VERITAS?

Phan-Ba R, et al.,
Neurology
2012;79;1067;
Published online
before print August
22, 2012
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