New diagnostic criteria for MS and NMOSD
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Precise differential diagnosis of neuromyelitis optica (NMO) and multiple sclerosis (MS) is critical because treatment and prognosis
are distinct and disease modifying treatment of MS can aggravate NMO. The discovery of disease-specific aquaporin-4 antibody has
facilitated differentiation of NMO from MS and recognition of a broader phenotypic spectrum referred to as neuromyelitis optica
spectrum disorder (NMOSD). However, distinguishing NMOSD from MS remains challenging, as there is still an interface between se-
ronegative NMOSD and MS. Diagnostic criteria have evolved to improve differentiation and early detection of MS and NMOSD. This
review will focus on new guidelines for the diagnosis of patients who are suspected of having MS or NMOSD.
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Table 1. MRI criteria for dissemination in space and time for multiple sclerosis

McDonald (2001)

McDonald (2005)

McDonald (2010) MAGNIMS proposal (2016)

DIS 3 or more of: 3 or more of: > 1 lesion in each of > 2 > 2 of 5 locations:
(on either characteristic locations:
baseline or
follow-up MRI)
>9 T_2 lesions or > Gd-enhancing >9 T2 |e5|on_s or 2_ Py > 3PV lesions
lesion Gd-enhancing lesion PV
>3 PV lesions >3 PV lesions JC > 1 CorJClesions
>1]C lesions >1]C lesions PF > 1 PF lesions
> 1 PF lesions > 1 PF lesions or SC lesion ~ SC > 1 SC lesions
> 1 ON lesions

1 cord lesion can replace 1 brain

lesion .
lesion count

1) > 1 Gd-enhancing lesion at
DIT least 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 after CIS onset

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 a prior scan
obtained at least 30 days

Any number of cord lesions  All lesions in symptomatic
can be included in total

regions excluded in BS and

SC syndromes The symptomatic lesions in BS,

SC, or ON are not excluded.

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

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

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

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

3) Clinical symptoms should be
associated with radiologically
isolated syndromes

Abbreviations: DIS = Dissemination In Space; DIT = Dissemination In Time; Gd = gadolinium; PV = periventricular; JC = juxtacortical; PF = posterior
fossa; CIS = dlinically isolated syndrome; BS = brainstem; SC = spinal cord; C = cortical.
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Table 2. Diagnostic criteria of NMOSD
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Diagnostic criteria of NMO (2006)

New diagnostic criteria of NMOSD (2015)

Definite NMO

Diagnostic criteria for NMOSD with AQP4-1gG

1. Optic neuritis
2. Acute myelitis
3.> 2 of 3 supportive criteria

1) Contiguous spinal cord MRI lesion extending >3 vertebral
segments

2) Brain MRI not meeting diagnostic criteria for multiple
sclerosis

3) NMO-IgG seropositive status

At least 1
1. Optic neuritis
2. Acute myelitis

core clinical characteristic

3. Area postrema syndrome

4. Acute brainstem syndrome

5. Symptomatic narcolepsK or acute diencephalic clinical syndrome with
NMOSD-typical diencep

alic MRI lesions

6. Symptomatic cerebral syndrome with NMOSD-typical brain lesions

Neuromyelitis optica spectrum disorders (NMOSD)

Diagnostic criteria for NMOSD without AQP4-IgG or NMOSD with unknown
AQP4-1gG status

Limited forms of NMO

1) Idiopathic single or recurrent events of LETM (>3 vertebral
segments spinal cord MRI lesion)

2) ON: recurrent or simultaneous bilateral
Asian optic spinal multiple sclerosis
ON or LETM associated with systemic autoimmune disease

At least 2 core clinical characteristics occurring as result of 1 or more clinical attacks
AND meeting all the following requirements

1. At least 1 core clinical characteristic must be ON, LETM, or area postrema
syndrome

2. Dissemination in space (>2 different core clinical characteristics)
3. Fulfillment of additional MRI requirements
1) ON (brain MRI)

a. Normal or only nonspecific WM lesions

ON or myelitis associated with NMO-typical brain lesions
(hypothalamic, corpus callosal, periventricular, brain stem)

b. optic nerve MRI with T2 high or T1 GE lesion extending over > 1/2 optic nerve
length or involving optic chiasm

2) Acute myelitis: LETM or > 3 contiguous spinal cord atrophy with myelitis history
3) Area postrema syndrome: dorsal medulla/area postrema lesions
4) Acute brainstem syndrome: periependymal brainstem lesions

Abbreviations: NMO = neuromyelitis optica; ; NMOSD = neuromyelitis optica spectrum disorders; ON = optic neuritis; AQP-4= aquaporin-4; IgG =

immunoglobulin; LETM = longitudinally extensive transverse myelitis.

tHettl B eke] 20164 = M35 FAstste] - Z9= -

101



Aol EAE A7zl E3Fekglar, gt ek g
AR Feld 3] MRI o270 Qe A5 Al HES
s 7hsstA skAnt. SFANE AQP4 A7} AR H S
Aol =2 Fol=E 7HAAL JZolle AQP4 A7} A=A
o1t 2000 AAEHFY A 7)EE HEEEA] Kok @
Zpro] A8 EAletH, olF 7kt 13<d(ong ex-
tended transverse myelitis, LETM) 2-2 %& A|X14 < e
2 2% Wste] 5 AAAR Fejz A b5
o] & BASol Slo] ARSI AS Weka} Bl

ate] A &A1 =ho] QATt, wgh AR HF AT A
e AHs= ARIBHTFE P33k (Opticospinal
multiple sclerosis, OSMS)& 8017} EA|=|o] AE-EA L,
AR H T ARl gk o AgtAtel| wet gt
% AT 2ahe] e, Hgo] EEol o] ULk

2) MalEx g MER 2015 AT [E

2015 IPND (International Panel for NMO Diagnosis)+=
AR T B Aol AARH B AR IS Al
AleFSIEE. 94, 7127 el ofsf A AT e 2
B e o, e, A8l Al HS
o7} glow, AIAA s AT Ao 2 ARE A=
7327 A(limited NMO) 2] throf|x] Aol & o] 2000%
of ol &J5k AL XA thEe] flofxith= HollA Al
2FAT ANBHFAHFASS A gL AA
FIAFAS T o)z Fitale] ARgal| =2 atgiet. Al

A THEe] 5-10% & AAIBh= A= gzl o
“d(monophasic) AV H= TS Aofstr] fsf 2
83 FA7REE A3 Ajtel| wlet ‘Aol s d o) At
o] g A= Hefshlrt! ANAHF AT A A
o] Aol S d(index attack)7hell 45 o]/de] 7|3ke] 9}

:

2, 02
>
2

> oo ol >

4

AL

¢

1

o

FHg o] AA7|FEES AQP4-IgG F-(A
§ E3hE TS AAEeH, ol&
Table 26l A3}t AQP4-IgG7} S0 AU AAE &
g A5, ARBHrdlFEs 1] flal Bt
7150] H8-Hrt. A= AR7]EolME 7189 Al
I 5427 fJole wolef-S(area postrema)s

B3 FA ¥7Hbrainstem)Z3-7, 7] H(narcolepsy) HEE

102

=74 Abo](diencephlon) 8, 5734 ti¥W & 34
A A2 MAsL] o] 67 A 7kt 1700 SEsHEA]
A Fdolm of2 Agke] w7} o] H A A A4
AR gHFAg o 2 ekt & o)A skt
A7 7Bt A A Tk 2707 gl
A, AR Y, 71 F4=Y(longitudinally extensive transverse
myelitis, LETM), area postrema -3 5 3+ 7& HHEA|
ERSALE, MRIGIA] AR R Aol Solzjel £

A 52 AR

rr

ALBH AR FEg T th g dsS 5 ohe 28
S 3133) Holof 31 3 red flag sign) = A AISFATE
Gz 1) AATH ool A& s A9 thit
752 of sl sh, 2) 71 Algk et 2wt
A7} 4217F wlgkol A Haa| Mol ofgt T4, 45 o] dolH
A2 30| EFolu oks arefsfiof 3l 3) FaE A Hold
R Go] oh ¥ thidAslES & v AR &)
i, 4) a2t E2AE Bex Ak S £ o
AAeTE, AR H G F A} A1 o = Vel

3

7 gl Aoz AmmolSF, HYALY Ee REEPY

sed, 3749 old =
B8% e AAAHEG
M

=
Zo] #3824 o, QA = oS

)

AN GeA] Aol Alztaate] T2 18- e 2

ol\
3
=
=3
2
i)
)
%
o,
>
N
El
2
>
>,
-
ity
o
lo
r]I.
o
c\%

Uep AL, Ao SRy Aldaals ARshs A
$-, 4) = ol FRAE(area postrema) (P02 2H

olAY AE7HAl A, Al4x A T, A3 T T
AP, AgalRe] W v Fs) s ARl o] 2 |

Chektlgntetel 2016 M35 FAet=a] - Z2lF -



FE(pooled analysisollA] H = 76,7%, 0.1% Y
AE)g Hol= Zloz dezl AE/NEAY (cell-based
serum assays, CBA; microscopy B+ flow cytometry based
detection) 2 FHAFE A& 7383] Hastal 9lom, T Y
&3¢=AH (indirect immunofluorescence assay) = &4
A 952 (enzyme-linked immunosorbent assay,
ELISA)E ARS8l 735 17l ool b A o= Ajetel
3= RS FHFTE AQP4 IR A A, I
218 frioll wheh @2 7] wiieel], AQP4 A 5441 ¢
Aol = A A7 A = A Aol AQP4 A A

o
IR ANAHFHFES FFS Holv AQP4
AI7F 24121 A} I3 tiRellA myelin oligodendrocyte
glyco- protein (MOG) &7} A=, o] &2 o|7} ¢
ofel el A H o B A HEsh e B4
oItk * 7 o]l Baste] MOG 3

ohAish elbel AT
WlEs] ANBAFGUFAT Aol THHE A5

et

[o

i)
rigt
i
:
N
N
Y
>
(o
™

7} QIeke, o w) A7k FEAAA B Fge A3
FPHT AR ofat Wl FFsAo] Eom, AAHEY

%1—-—‘?‘ o O o

5 < 2= 4,38
ae ANBAFDEFAT A0S B8 Szt
4 &

tHettl B eke] 20164 = M35 FAstste] - Z9= -

Foz Ahgol olFold S Yk ollet Aletr|ze]
o] wje A2 48s) 2710 Aekstel AR & 9l
PFee 43 o Fold Aoz 7

<
%

References

1. Lennon VA, Wingerchuk DM, Kryzer TJ, et al. A serum au-
toantibody marker of neuromyelitis optica: distinction from
multiple sclerosis, Lancer 2004;364:2106-2112,

2. Wingerchuk DM, Lennon VA, Pittock SJ, Lucchinetti CF,
Weinshenker BG. Revised diagnostic criteria for neuro-
myelitis optica. Neurology 2006;66:1485-1489.

3. Wingerchuk DM, Lennon VA, Lucchinetti CF, Pittock SJ,
Weinshenker BG. The spectrum of neuromyelitis optica.
The Lancet Neurology 2007;6:805-815,

4. Wingerchuk DM, Banwell B, Bennett JL, et al. International
consensus diagnostic criteria for neuromyelitis optica spec-
trum disorders, Neurology 2015;85:177-189,

5. Poser CM, Paty DW, Scheinberg L, et al. New diagnostic cri-
teria for multiple sclerosis: guidelines for research
protocols. Annals of neurology 1983;13:227-231.

6. McDonald W1, Compston A, Edan G, et al. Recommended
diagnostic criteria for multiple sclerosis: guidelines from the
International Panel on the diagnosis of multiple sclerosis.
Annals of neurology 2001;50:121-127.

7. Polman CH, Reingold SC, Edan G, et al. Diagnostic criteria
for multiple sclerosis: 2005 revisions to the "McDonald
Criteria". Annals of neurology 2005;58:840-846,

8. Polman CH, Reingold SC, Banwell B, et al. Diagnostic cri-
teria for multiple sclerosis: 2010 revisions to the McDonald
criteria, Annals of neurology 2011;69:292-302,

9. Filippi M, Rocca MA, Ciccarelli O, et al. MRI criteria for the
diagnosis of multiple sclerosis: MAGNIMS consensus guide-
lines. The Lancet Neurology 2016;15:292-303.

10. Kappos L, Polman CH, Freedman MS, et al. Treatment with
interferon beta-1b delays conversion to clinically definite
and McDonald MS in patients with clinically isolated
syndromes. Neurology 2006;67:1242-1249.

11, Beck RW. The Optic Neuritis Treatment Trial. Archives of
ophthalmology 1988;106:1051-1053.

12, Comi G, Martinelli V, Rodegher M, et al. Effect of glatiramer
acetate on conversion to clinically definite multiple sclerosis
in patients with clinically isolated syndrome (PreCISe
study): a randomised, double-blind, placebo-controlled
trial, Zancet 2009;374:1503-1511,

13. Montalban X, Tintore M, Swanton J, et al. MRI criteria for
MS in patients with clinically isolated syndromes, Neurology
2010;74:427-434.

14, Sethi V, Yousry TA, Muhlert N, et al. Improved detection of
cortical MS lesions with phase-sensitive inversion recovery
MRI. Jjournal of neurology, neurosurgery, and psychiatry

103



15,

16.

17.

18,

19.

20,

21,

22,

23.

24,

25,

26.

2012;83:877-882.

Absinta M, Rocca MA, Colombo B, et al, Patients with mi-
graine do not have MRI-visible cortical lesions. Journal of
neurology 2012;259:2695-2698.

Barkhof F, Filippi M, Miller DH, et al. Comparison of MRI
criteria at first presentation to predict conversion to clin-
ically definite multiple sclerosis. Brain : a journal of neurol-
0gy 1997;120 ( Pt 11):2059-2069.

Ruet A, Arrambide G, Brochet B, et al. Early predictors of
multiple sclerosis after a typical clinically
syndrome, Multiple sclerosis 2014;20:1721-1726.
Ruet A, Deloire MS, Ouallet JC, Molinier S, Brochet B.
Predictive factors for multiple sclerosis in patients with clin-

isolated

ically isolated spinal cord syndrome. Multiple sclerosis
2011;17:312-318,

Moraal B, Pohl C, Uitdehaag BM, et al. Magnetic resonance
imaging predictors of conversion to multiple sclerosis in the
BENEFIT study, Archives of neurology 2009;66:1345-1352,
Kim SS, Richman DP, Johnson WO, Hald JK, Agius MA.
Limited utility of current MRI criteria for distinguishing mul-
tiple sclerosis from common mimickers: primary and secon-
dary CNS vasculitis, lupus and Sjogren's syndrome. Multiple
sclerosis 2014;20:57-63.

Miller D, Barkhof F, Montalban X, Thompson A, Filippi M.
Clinically isolated syndromes suggestive of multiple scle-
rosis, part I: natural history, pathogenesis, diagnosis, and
prognosis. The Lancet Neurology 2005;4:281-288,

Tintore M, Rovira A, Rio J, et al. Defining high, medium and
low impact prognostic factors for developing multiple
sclerosis. Brain @ a journal of neurology 2015;138:1863-1874.
Kuhle J, Disanto G, Dobson R, et al, Conversion from clin-
ically isolated syndrome to multiple sclerosis: A large multi-
centre study. Multiple sclerosis 2015;21:1013-1024.

Tintore M, Rovira A, Rio J, et al. Is optic neuritis more be-
nign than other first attacks in multiple sclerosis? Annals of
neurology 2005;57:210-215.

Wilejto M, Shroff M, Buncic JR, Kennedy J, Goia C, Banwell
B. The clinical features, MRI findings, and outcome of optic
neuritis in children, Neurology 2006,67:258-262.

Kidd D, Barkhof F, McConnell R, Algra PR, Allen TV, Revesz
T. Cortical lesions in multiple sclerosis. Brain @ a journal of
neurology 1999;122 (Pt 1):17-26,

104

27.

28,

29.

30.

31

32,

33.

34.

36.

37.

38.

Calabrese M, Oh MS, Favaretto A, et al, No MRI evidence of
cortical lesions in neuromyelitis optica. Neurology 2012;79:
1671-1676.

Tintore M, Otero-Romero S, Rio J, et al, Contribution of the
symptomatic lesion in establishing MS diagnosis and pro-
gnosis, Neurology 2016;87:1368-1374.

Brownlee WJ, Swanton JK, Miszkiel KA, Miller DH,
Ciccarelli O. Should the symptomatic region be included in
dissemination in space in MRI criteria for MS? Neurology
20106;87:680-083.

Giorgio A, Stromillo ML, Bartolozzi ML, et al. Relevance of
hypointense brain MRI lesions for long-term worsening of
clinical disability in relapsing multiple sclerosis. Multiple
sclerosis 2014;20:214-219.

Mitjana R, Tintore M, Rocca MA, et al. Diagnostic value of
brain chronic black holes on T1-weighted MR images in clin-
ically isolated syndromes. Multiple sclerosis 2014;20:1471-1477.
DM, PC,
Weinshenker BG. The clinical course of neuromyelitis op-
tica (Devic's syndrome). Neurology 1999;53:1107-1114.
Lennon VA, Kryzer TJ, Pittock SJ, Verkman AS, Hinson SR.
IgG marker of optic-spinal multiple sclerosis binds to the

Wingerchuk Hogancamp WF, O'Brien

aquaporin-4 water channel. 7he journal of experimental
medicine 2005;202:473-477 .

Kim W, Park MS, Lee SH, et al. Characteristic brain mag-
netic resonance imaging abnormalities in central nervous
system aquaporin-4 autoimmunity, Multiple sclerosis 2010;
16:1229-1236.

. Kim W, Kim SH, Lee SH, Li XF, Kim HJ, Brain abnormalities

as an initial manifestation of neuromyelitis optica spectrum
disorder, Multiple sclerosis 2011;17:1107-1112,

Sato DK, Callegaro D, Lana-Peixoto MA, et al. Distinction be-
tween MOG antibody-positive and AQP4 antibody-positive
NMO spectrum disorders. Neurology 2014;82:474-481.

Kitley J, Waters P, Woodhall M, et al. Neuromyelitis optica
spectrum disorders with aquaporin-4 and myelin-oligoden-
drocyte glycoprotein antibodies: a comparative study. JAMA
neurology 2014;71:276-283.

Wingerchuk DM, Weinshenker BG. The emerging relation-
ship between neuromyelitis optica and systemic rheumato-
logic autoimmune disease. Multiple sclerosis 2012;18:5-10,

ChertlEntetel 2016 % M35 = ef=TH 2]

- 7}O|§

o—1="





