Demyelinating Disorders
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The etiology of multiple sclerosis (MS) is probably multifactorial, related to genetic, environmental, and several other factors. The
McDonald criteria have been proposed and revised over the years. The treatment of MS includes disease modification with im-
munomodulator drugs and symptom management. Neuromyelitis optica (NMO) is an inflammatory CNS syndrome distinct from MS
that is associated with serum aquaporin-4 immunoglobulin G antibodies (AQP4-IgG). This article will provide new concepts of treat-
ment, diagnostic criteria, and risk factors of demyelinating disease
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Table 1. MRI criteria for dissemination in space and time for multiple sclerosis

McDonald 2001

McDonald 2005

MAGNIMS proposal

DIS (on either baseline

or follow-up MRI) 3 or more of.

> 9 T2 lesions or > Gd-enhancing

3 or more of:

> 9 T2 lesions or > Gd-enhancing

> 1 lesion in each of > 2
characteristic locations:

. . PV
lesion lesion
> 3 PV lesions > 3 PV lesions JC
> 1 JC lesions > 1 JC lesions PF
> 1 PF lesions > 1 PF lesions or spinal cord lesion  Spinal cord

N

cord lesion can replace 1 brain

1) > 1 Gd-enhancing lesion at least 1) > 1 Gd-enhancing lesion at least
3 months after CIS onset (if not
related to CIS)

2) A new T2 lesion with reference to 2) A new T2 and/or Gd-enhancing
a prior scan obtained at least 30
days after CIS onset

DIT 3 months after CIS onset (if not
related to CIS)
2) A new T2 lesion with reference
to a prior scan obtained at least
3 months after CIS onset

Any number of cord lesions can be
lesion included in total lesion count

All lesions in symptomatic regions
excluded in BS and SC syndromes

1) Simultaneous presence of
asymptomatic Gd-enhancing and
nonenhancing lesions at any time

lesion on follow-up MRI irrespective
of timing of baseline scan

DIS: dissemination in space, Gd: gadolinium, PV: periventricular, JC: juxtacortical, PF: posterior fossa, SC: spinal cord, BS: brainstem, DIT:

dissemination in time.
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Table 2. Potential risk factors for multiple sclerosis.

Female gender
Caucasian race
Genetic
HLA DR15/DQ6, IL2RA and IL7RA alleles
Infections
Epstein—Barr virus (EBV) infection
Temperate climate
Low vitamin D level
Lack of sunlight exposure
Cigarette smoking
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MS (OSMS)= NMOSDE. thA|sFitt,
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AQP4-IgG7} 9F4d2] NMOSDS: 2o ofgfjel -2 17)
opde] T8 WIS FFaMoF 3, 5 e
NMOSDE & ] AAkshs 7102 o A% (Table 3). D
A7 el QoA FAle 5o AU optic

chiasme ZH3= 73, altitudinal visual field defect, se-

[o o

vere residual visual loss (acuity 20/200 or worse)E Ho]H
ET] NMOSDE AAReIE, @ 37 Z5<do] 9lomA] com-
plete (rather than partial) spinal cord syndrome, especially
with paroxysmal tonic spasms2 Ho|H £ T NMOSDE
AA¥3IE}. @) Area postrema syndrome-2 episode of other-
wise unexplained hiccups or nausea and vomiting& 57
o2 3t} @ Brain stem syndromeS ocular motor dys-

function, long tract signs, ataxia $& X33} O

Symptomatic narcolepsy or acute diencephalic clinical syn-
drome with NMOSD-typical diencephalic MRI lesions, ®

Table 3. NMOSD diagnostic criteria for adult patients

Symptomatic cerebral syndrome with NMOSD- typical brain
lesions< encephalopathy, hemiparesis, cortical visual loss
5o wgnh

AQPA1EG7} 42) A9t AP WP Aol &
o Q7% 7)ol ALH. Aol 2] oo Fa E
7ol 13] o] clinical attack o 2. WAYs}oo &1 ofefo}
e avARe wE Sxdl g

D Holw 1le] Fo QT AR, B4 LETM,
L= area postrema syndrome 0] glojo} gt} @ F713]

9} (Dissemination in space, affecting different neuro-
anatomical regions; >2 different core clinical character-
istics) & WHEso BT, @) F7hAel MR ATARS WS
slob gk, 1A #7149 MR R FARRe: ofelsh ),

(@ FANE A

() Brain MRIoA] 7g4:le] At s w] Sol<jel w2
¥ (only nonspecific white matter lesions) 55 (i) Optic
nerve MRIOA] optic nerve MRI of|4] T2 W = T1 29
27 wilo] AA17 WA dole] 1/28 Wola AW Ex

Diagnostic criteria for NMOSD with AQP4-lgG
1. At least 1 core clinical characteristic

1. Optic neuritis

. Acute myelitis

. Area postrema syndrome: episode of otherwise unexplained hiccups or nausea and vomiting

2
3
4. Acute brainstem syndrome
5

. Symptomatic narcolepsy or acute diencephalic clinical syndrome with NMOSD-typical diencephalic MRI lesions
6. Symptomatic cerebral syndrome with NMOSD-typical brain lesions
2. Positive test for AQP4-IgG using best available detection method (cell-based assay strongly recommended)

3. Exclusion of alternative diagnoses

Diagnostic criteria for NMOSD without AQP4-lgG or NMOSD with unknown AQP4-IgG status
1. At least 2 core clinical characteristics occurring as a result of one or more clinical attacks and meeting all of the following requirements:
(a) At least 1 core dlinical characteristic must be optic neuritis, acute myelitis with LETM, or area postrema syndrome
(b) Dissemination in space (2 or more different core clinical characteristics)
(c) Fulfillment of additional MRI requirements, as applicable

1. Acute optic neuritis

(a) brain MRI : normal findings or only nonspecific white matter lesions, OR
(b) optic nerve MRI: T2-hyperintense lesion or T1-weighted gadolinium-enhancing lesion extending over
>1/2 optic nerve length or involving optic chiasm
2. Acute myelitis: requires associated intramedullary MRI lesion extending over >3  contiguous segments (LETM) OR
>3 contiguous segments of focal spinal cord atrophy in patients with history compatible with acute myelitis
3. Area postrema syndrome: requires associated dorsal medulla/area postrema lesions
4. Acute brainstem syndrome: requires associated periependymal brainstem lesions
2. Negative tests for AQP4-IgG using best available detection method, or testing unavailable

3. Exclusion of alternative diagnoses
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b 84 F+4 (Spme MRI)

(i) LETM (long extensive transverse myelitis) B== (ii) >
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Table 4. Red flags: Findings atypical for NMOSD

A AQP4-1gG7E HAHA] ¢k A9l & He] e
2 NMOSDE vl2 719t = ik, wixjgto g ofW &
AzA=o tha Asle] spsAlo] glomm Fo2 7]9e]
of H(Table 4). ol& Eo] 471Y B Fdoll 24 JA
3] ek 94k Ah= NMOSDelE 23] =87 uji
o o]t k= HFEZ Q! red flagselth, webr AQP4-IgG
o] Ao} 4 glo] Wehr|ZES vkEslal ohe Adto] w4
H9lS uw), NMOSDE Zltto] 7153}t

(3) A3 2 A3 EA

¥, A, 2] ofg] So] NMOSDE 73] A}
it dex] YrHTable 5).

A AT #dd Heo| LETMe 7P Sol39l
NMOSD2] A1A o2} 2710l Aol MSoAE ule =&
Aos A Yok o] Wwe FFHow FYo 3|44

Red flags (clinical/laboratory)
1. Clinical features and laboratory findings

Progressive overall clinical course (neurologic deterioration unrelated to attacks; consider MS)
Atypical time to attack nadir: less than 4 hours (consider cord ischemia/infarction); continual worsening for more than 4
weeks from attack onset (consider sarcoidosis or neoplasm)
Partial transverse myelitis, especially when not associated with LETMMRI lesion (consider MS)
Presence of CSF oligoclonal bands (oligoclonal bands occur in <20% of cases of NMO vs >80% of MS)

2. Comorbidities associated with neurologic syndromes that mimic NMOSD
Sarcoidosis, established or suggestive clinical, radiologic, or laboratory findings thereof (e.g., mediastinal adenopathy, fever
and night sweats, elevated serum angiotensin converting enzyme or interleukin-2 receptor levels)
Cancer, established or with suggestive dlinical, radiologic, or laboratory findings thereof; consider lymphoma or
paraneoplastic disease (e.g., collapsin response mediator protein-5 associated optic neuropathy and myelopathy or

anti-Ma-associated diencephalic syndrome)

Chronic infection, established or with suggestive clinical, radiologic, or laboratory findings thereof (e.g., HIV, syphilis)

Red flags (conventional neuroimaging)
1. Brain

a. Imaging features (T2-weighted MRI) suggestive of MS (MS-typical)
Lesions with orientation perpendicular to a lateral ventricular surface (Dawson fingers)
Lesions adjacent to lateral ventricle in the inferior temporal lobe
Juxtacortical lesions involving subcortical U-fibers

Cortical lesions

b. Imaging characteristics suggestive of diseases other than MS and NMOSD
Lesions with persistent (>3 mo) gadolinium enhancement

2. Spinal cord

Characteristics more suggestive of MS than NMOSD

Lesions <3 complete vertebral segments on sagittal T2-weighted sequences
Lesions located predominantly (>70%) in the peripheral cord on axial T2-weighted sequences
Diffuse, indistinct signal change on T2-weighted sequences (as sometimes seen with longstanding or

progressive MS)
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Table 5. Neuroimaging characteristics of NMOSD

Spinal cord MRI, acute
LETM lesion associated with acute T™M

Increased signal on sagittal T2-weighted (standard T2-weighted, proton density, or STIR sequences) extending over 3 or more

complete vertebral segments

Central cord predominance (more than 70% of the lesion residing within the central gray matter)
Gadolinium enhancement of the lesion on T1-weighted sequences (no specific distribution or pattern of enhancement is

required)

Other characteristic features that may be detected
Rostral extension of the lesion into the brainstem
Cord expansion/swelling

Decreased signal on T1-weighted sequences corresponding to region of increased T2-weighted signal

Spinal cord MRI, chronic

Longitudinally extensive cord atrophy (sharply demarcated atrophy extending over >3 complete, contiguous vertebral segments and
caudal to a particular segment of the spinal cord), with or without focal or diffuse T2 signal change involving the atrophic segment

Optic nerve MRI

Unilateral or bilateral increased T2 signal or T1 gadolinium enhancement within optic nerve or optic chiasm; relatively long lesions
(e.g., those extending more than half the distance from orbit to chiasm) and those involving the posterior aspects of the optic nerves

or the chiasm are associated with NMO

Cerebral MRI: NMOSD-typical brain lesion patterns (increased signal on T2-weighted MRI sequences unless otherwise noted)
Lesions involving the dorsal medulla (especially the area postrema), either small and localized, often bilateral, or contiguous with an

upper cervical spinal cord lesion

Periependymal surfaces of the fourth ventricle in the brainstem/cerebellum

Lesions involving the hypothalamus, thalamus, or periependymal surfaces of the third ventricle

Large, confluent, unilateral, or bilateral subcortical or deep white matter lesions

Long (1/2 of the length of the corpus callosum or greater), diffuse, heterogeneous, or edematous corpus callosum lesions
Long corticospinal tract lesions, unilateral or bilateral, contiguously involving internal capsule and cerebral peduncle
Extensive periependymal brain lesions, often with gadolinium enhancement

2 REn H52) swelling, TIoW] Fe] AHgAE e}
W, 295748 YePATE, 53 braistem”7}A] extensiond}
| QIR W Mse] AgEe QiEoE 1
78¢] vertebral segment AEo| AU o|HT} &1, 2 dor-
sal column¥} - FH¥Le] whaldo] x|k} 2eht
AQP4-IgG kA<l NMOSDY] 9F 10% HX=(7%-14% of initial
and 8% of subsequent myelitis attack)oll4+= ©]2{3+ LETM
< mE A= ) PP A attackA] o= fat-sup-
pressed T2 orbital MRI, 53] 2357 T10lA] ¥A3e YE}
it} o= AAIAERH, 53] #E A7 (optic chiasm) W,
A7 A dole] oF 50% ool 71 e NMOSDE B
o AbSRE 230l
2000 k7|l th2H ¥ MRI= dads B2
1}, 937 njEo|ze] Wiz WS Hol= o] EFo ]911;}_24
Longitudinal ¢37-ollA] NMOSD2] ¢F 60% A7} 5249
Wz WS Holw, 16% FE=ollA Barkhof MS MRI 7152

20151 CHEHAIZTEES| B34} BIANE] - Zi0|2 -

vl=sic) 2 MSE AABRE= ¥ MRI W@ H.S NMOSDE
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| Sl the 27b410l 277 a8, Mssh NMOSD
7H83R= MRl £4-2 @ lesions of the dorsal medulla/

area postrema, periependymal regions in the brainstem

N
0{1 rd'

et

and diencephalic structures, (2) cerebral hemispherese, 3
long lesions spanning much of the length of the corpus
callosum @ corticospinal tractso]t}, Large, confluent, B
= tumefactive cerebral lesions& NMOSDE o]= A% A]
AYEIAIEE B3] AQP4-IgG SA12] EkAlol|A] o] i T o
23 atypical MS ¥} Fio] ofFrh” wek HFH<
MSE AASHE 3 MRI A7(perpendicular orientation of
periventricular lesions (Dawson fingers), periventricular le-
sions located in the inferior temporal lobe, and cortical le-
sions)> NMOSDOIA= Ae] HolA| gh=t}, HZoll=

MRIZ cortical ®H (frequent in MS but absent in NMOSD)
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2 A (MS plaques are periventricular and traversed
by a central venule whereas NMOSD lesions are subcortical
and lack a central venule) ¥go] F Hgho] FHHolgl=
AT JA o H7EA] FULASHA AREHARE e T
o|aL, validation’= B st} the 2GS AL olE =

nonconventional MRI, optical coherence tomography, vis-
ual evoked potentials 5-& A9} Eo|=, A2 So] F

o)A]7] wiidl] o] 2015\ Fkr|Eol| EgFEA] skt

(4) AQP4-IgG serologic and other laboratory testing

AQP4IgGE k= ofg] WHEo] ARt cell-based
serum assays (microscopy or flow cytometry-based de-
tection)7} 7Fssithd o] WRjo] dAA= 71 H Aozt
I AZ+EcH(mean sensitivity 76.7% in a pooled analysis;
0.1% false-positive rate in a MS clinic cohort).” 2} ¢
4 ¥ MRIZ= NMOSDE AXFFAIRE AQP4-IgG 57921 4t
U Aol B7bssh #Al ol NMOSD xigho] F%
o]} 97l 9t} Monophasic NMOQ! 74-¢-, relapsing
NMO Ht} AQP4-IgG FdE0] HolAl= oz A4 3l
o} ® el AQP4-1gG 2412l &2} & AF=ollA4 myelin oli-
godendrocyte glycoprotein (MOG) &7} #HAEA1, /¢
HoZ AQP4-IgG YA A} thE 97t Urh(younger
age, less frequently female, and less likely to relapse).
Kitley 52 AQP4-IgG 24d¢1 NMO/NMOSD 34} 277 =
40 39, o3 179)9] g7 MOG @Al s Hle
o, o] A= A7 ANAY B LETMS e,
w7 A g Ro|E e e ARl F
= RS Bolom, 547 AR § MRI 22 AstH
31, MOG Al 7hasteloka wastgich ® AQP4-1gG &
Jo]®A] clinical and neuroimaging features of NMOSD &
Hol& gz} Fofl ¢4 Hl&2 MOG &4 4l v &A50]
Aol W7 del #efdt o g A7ty ofz Es|
el gt

GAollM AQP4-IgG= g0 Al HZalollA] AQP4-IgG
P99l 797t Bauwm glont, Bgs] =8} wleb &
oA AQP4-IgG 541 SAtollA] 1w H =l AQP4-IgG A
AFE routine @ 2 3= A2 WAAEA =tk HHFA oli-
goclonal bands7} €44¢1 ¢ MSKETl= NMOSD & AJA}b
aF, PR ¢ red flagol ARk, WIFteol Solwee F1F
Aroleh,” wHelolr AFAHZI} 50/uL o NMOSD
E MS9} s ] 783 A FEo|tKincidence approx-
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imately 35% in NMOSD).” 23+ ¥%5= glial fibrillary
acidic protein (GFAP)%= Fet} o 5o thgt FQa3F bio-
marker $H B3z AZF}
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MSe} NMOSD= ol o] w2 37 Agholal
7o) AlIR7] AlAEEA] et E]#] ogotbA], obA 1 W
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