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Clinical Phenotype and Diagnosis of Neuromyelitis Optica

Woojun Kim, MD, PhD
Department of Neurology, The Catholic University of Korea

Neuromyelitis optica (NMO) is an idiopathic inflammatory disorder of the central nervous system (CNS). Various clinical, pathological,
immunological, and imaging studies have suggested that NMO is distinct from MS. The optic nerves and spinal cord are preferentially
affected in the disease, however, various studies showed the involvement of the brain. Humoral immune mechanisms, including the
activation of B-cells and the complement pathway, are considered to play important roles in NMO pathogenesis. This notion is
supported by studies showing the pathogenic role of NMO-IgG or anti-aquaporin-4 antibody (anti-AQP4 Ab) as an initiator of NMO
lesions. Since it demonstrated reasonable sensitivity and high specificity, anti-AQP4 Ab was incorporated into new diagnostic criteria
for NMO. The spectrum of NMO is known to be wider than was previously recognized and includes a proportion of patients with
recurrent, isolated, longitudinally extensive myelitis or optic neuritis, and longitudinally extensive myelitis or optic neuritis associated
with systemic autoimmune disease or with brain lesions typical of NMO. In this context, a new concept of “NMO spectrum
disorders” was introduced. This review focuses on the concepts of NMO based on its pathophysiology and clinical characteristics.
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ol BHAIs= A g AlX RG] - uk o

ZFzko] 300 Tuto g 27 mom ¥ RE AdEdjoA] wt

B 7V s 2ot 2 egloX w EEA] A W)

oflx] H W] 542 o] 7Y H5 &
Azl Algl E<e%(demyelination)o|t}, #<4ro] Wz}
3lA RSl A ZAKnecrosis)®t F-F3H cavitation), T4
SAF %o EaA wEE, 8| AaE 7ok alA E (oligode-
ndrocyte) 8] AAlo] FElslth, W2 d¥H o2 e F4
Kol YxehH, FHFolle FxrF vy BEE Q)
W Qo] ddE2 TR fre]dsKhyalinization) ¥
o] 9lo, &2 (eosinophil)9} I (granulocyte)7}F 3
HEo] I Aew gk ” 254 WX E g8 F
IgG, IgM, BA| &3} 2He Fo] 3&tE o] 52221 H](rim)
£ ZAE(rosette) FENS o] Et} ! 53] AQP4 Thil H
HolnlA| E(astrocyte)7} A2 H 3L 32 97143 A (myelin
basic protein, MBP)2 H|11% HEEo] Ql&=H|, o|AL o}
RIS FAke] Wrlolit & 5 gl 2ol
P ddslege g, AAAERTAe] S Bl T
A|ZEZ} ol B Al ofste] T2 vz, B A &ds)
T AN o] e 7oA T8t TS st AAl
BAHFY #x) o Fo] FAQP4 Al P34 (blood-
brain barrier)& %3] TFAGARZ S0l F, Hola
M| 2] wE7](foot process)ell &= AQP4ol| Aglshe] B A
= A7 EA3E BAlE ST} 3AHE 2
sho] 22 932 22472, 12 Qs FFEAY A
o] MAA Ho] TE-E=A(excitotoxicity) o] WAHEFe] o]x}4
o eyl ubgsl Ao w Fgdrt ! sl ol

=
- ?
AQP4 A 2= fJ9 22 I S FEd )l

on, Foluig] T, BA| 2793}, g oA T AlE
(antigen-specific T cells) & T2 Q. 21E0] H o3t}

2. 2t OO =4 S|
2004130 AAARHSFEY SR SolM LAH NMO-IgGE
o] %o o] A7} TF2173 A1 2] AQP4el Ajlsitl= Ao] B
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SIAHA FAQP4 FHAI R W H ATt AQP4E U] 7R A7}
oA Rt 8 B2 (water channel)E A= 1%
Zehd(water channel protein) 2, 321787, A%, what
2 (inner ear), TZT 5 Ale] Be 7|@] Bxsit !
T8 vhell A= AQPAZ} T B/l 7ofele A=
7h mmlatAlet, A AN E 7P F8%E i SER
A8 AQPaE F2 AN Feld HolaAE
o] WE7o RE3PAA] ¥ Y Ho] 4 PP FAIS
= T2 8, ¥ 4591 Eependymal cell) B 2] 1
) A E(endothelial cell) = 2R3}, A|AFslEe] Azt
Z}2]8l (supraoptic nucleus)2} wlo}l % H(area postrema),
ZU 7 (lamina terminalis) 2] &4 7] (vascular organ) 5
g o] glar AREet RIZHY A A (osmosensitive
neuron)7} BEH= 9 ol] & FEE A3t

FAQP4 Al Tt Ae5o| AR} o H, T
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o3l FHESCE. AN Ao AABHFAHR FA
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A& Helot, W oatollx] Al = wine} 72t A4, wl
S/ Aol Fo] whEH, 72} o] d -5 (dysesthetic
pain), 2173882] 5 (radicular pain), Lhermitte % ${Lhermitte’s
sign)7} EAP LERIE® A% Bglo] Wghe AWE 7
2 A 9B, P, TE L 55 B9 Sol Leht 4
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B EETLY AP PSS ol AA ostE, o)
oA e 2A 8] &
FAtellA BlFo] Bebdste], Ak 27| FE
7H A 5 Ik

2. OIA} 74A|-
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A= ARNAHF Aol = ] o] flal, MRICA
= o] M} slrjets gt S7do] gl sles o
HRARE, HZo| Aol ofshH FAQP4 A W A=
o] 70% o) el = Wrlo] WAL, Adre] SxlEolA
HdE SAo] gt} I o= MSe] MRI ek 7]5Eo]
nkEg 79 AN HSo] koA wiA|Egl ot Mse]
MRI gt 7|58 wkEsl= gajo| A NMO-IgG/3AQP4 3}
A7} HARE Z97F B Y & 5 Hio] A7
G FHgo] Wdstr] Mol AXBHFAY H SR
sk A5 GelAHA AL Hsae] i = E-Y

[e)

A HE A o WS T2 F2 7% 9 FLAIR (fluid
attenuated inversion) %3’gollA 4=t WA o] FH QJsk
w12l oF= 1| A<= (corticospinal tract), 7} A 2
A3, 4 ¥HA F9], AFE & AWshs 54 HolH, o 2§t
542 AR v dAskE oA Uehe = Wwd v

A & TR’
3, Al 2}

1) QP Ll 74Af

=&l Al A H P, BRES 977 25
H&gH N EF7S(pleocytosis)= Ho|m(>50x10° leuko-

cytes/L), S8laF2gu(oligoclonal band)= thEAd7d3}
Z Shajollxl o] 850 BT} whe oF 15-30%04 &t

2) NMO-lgG/ZAQP4 Tl

=i
A(brainstem encephalitis) 5] &3} $a}oll A NMO-IgG/
SFAQP4 A7 AE 7 Ko g A A7 H S
o2 ZPsh= vl go] o H
r1As T3 AeE AL 2y NMOIgG/E
7

AQP4 7L S/4%1 HFA| 32 o] 1 Hped, A
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Hp, BB R A S| W] Ve vedsk Zlo 2 A
ZHEH, o5 fAke] e ARIBHEFdeR WdsHA
b=t} ¥

FAQP4 A o] HAPH-LS 1 7] A (substrate) of] wHe} 2%
7HHEA (tissue-based assay), ME7|WHE-A (cell-based as-
say), TH A 7R (protein-based assay) 2 Wz = Ut}
ZA7 AR U5o] EE H2) ¥EAE 0|8 Wl
ZA)g}sHEA (immunohistochemical assays, THC)o| 9.0
o= ol=FA o) we} B 2SI (uoroimmuno-
histochemistry, THC-F) == A%-2]<] H]3 g5 (conven-
tional THC, IHC-C) 2. & ¥t} NMO-IgG/3FAQP4 Aol
ek HIZFEE 12.5-100% (S7HE 62.5%) 01, Solee Al
F7REEA(FREE 100%) 0] 227 (FXE 98.12%)
o} ghil 27k (Fbgk 98.09%0) Wk

ZA7 RS NMO-IgGe| &l 718 WA o8¢

4
o, Aol B, the @A) e AL BAe

Th AAF A3te] A o] FHAolaL, MRt} vto ] A%
3}317] dEo] b A (semiquantitative) A A=k 71

S8, AlRke] W] g Eo] thekslslr] of Pk wido]

AZ7REEA ol = &g H 2258, EEAME
H(Flow cytometry, FACS) 50| 1.1, AQP4E A1
QIZkafo A7 E (human embryonic kidney cells, HEK cells)
U S5 2B dAA| 3 (Chinese hamster ovary cells, CHO
cells)g 71A=Z o] g3t} AZ7HE &PHdz2|51ehtA
He 227 AP RS WIZEET) Erhe o] AT
AQP4E &= M|EF(cell line)E A2 28 {4
717} o] AL, =283k (green fluorescent protein, GFP)
o} 7= g il (enhanced green fluorescent pro-
tein, EGFP)a AQP4°l AAIA a7 A2 735 b2
o] Tz olg} AQP4S] AR} v ES el < 9low, vk
A dat 7hskaL, dratke] o] )AL, v &
Ao EAE 7 AAF717E B7Fs st wadol 3l
BAESARHE L AQPAE Wsh= QI7F Mol A 3 (astro-
cytoma)©u} HEK M5 AR8-3HH, theks} 9l A&Fs}s}]
Ao, 28y 702 ofgal, b FAE AR F 8l
th= o] gih ™

Tl A7 HEA o= WAFs T 93] 2 (radioimmuno-

J

precipitation assay, RIPA), 331
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WB), &23PHS952=AH (enzyme linked immunosorbent
assay, ELISA) 52| "W o] QIE}. ELISAT A2 Ql 24 0]
7]’“'5]'04 FAQP4 Ao w0 H3lE B U Pl ) 7}

o HAe Aoz AztEct A7ate] wet xpol= YA
chal A7)l w o] Wiz &gz sl s A HT}
i i Bl wiu}t— %—0— Ao 047%@.54

Aol ek 337501]*1 TﬂAQP f%ilﬂ 7&%% 1 17:‘7‘4’“
o o= AaAke] oF T0nel M2 F FAQP4 T
A7 A0, 87 AL S99 BRjel At vl
oM FAQPs FAV} A A gy, =l Aakz
HE 30 o Aol A, A ollx o] FAQP4 A
o] A7} 1:250 o) w, ol o) AAS BY
), A=A 9231 gl B v == 50lolA] PAQPs I
A7} frelaiAl Bol AE=A.”

FAQP4 A7} ANAH Y ~HEY AgAL A
o YL vtk A7 ArHEo] ol waEglh
Aol Aple W D AR 4 B W B8 BES 4%
i, ALAAXEE AlB ol ue} w=7) Ak Ao
2 Uepdtt, AR5 3 5 NMOIgG/FAQPs 3
o] AAF A7} oFdollM SA) = SAJol|A] oA o =2 uf
A A7 Aol we) 15-55%0| 22, dFHoz AlalA
459 2AEY WPo] oAlEke BRI NMOG/%
AQP4 Bl 57 275 BRItk HARE WhEste] Alsfsh=
Zo| Ao >

NMO-IgG/FAQP43A| 2] EH ] &= 5717} AlA17 3
S 2o Eg Ae o) Al A ek 971
7] Wl FaQPd FAE A& 02 ARl AL A2
AHFE ~HEY A= qaalg]_b o §83 Ao
= A, ARE ST 5 ol AP A7) g,
FAQP Al F7} ol Ik ] WA Aol e
= A op7] whizol, el £, Al AL, THIE
A8} So| | Bl Ao e Yzhert

N ofN of

O

3) 7|Ef 27 HedA| AL

AMAZAHFIL 2 LTSI (Sjogren’s syndrome),
AR ZHRFE(systemic lupus erythematosus, SLE), 73441
A5}5(hypothyroidism), FP}E|2#4 9(rtheumatoid arth-
ritis) 5] A$F=Z 2] A3 connective tissue disease), & 5

T H-HSF(myasthenia gravis), 73 (celiac disease) 5 2]
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o2 2o Asty) Sutwn) gkel ek (antinuclear anti-
body), 3Ro (SSA), FHa (SSB)3A| <} e A7]-H]Eo] 4
(non-organ-specific) AZFFAE] FF Yepdt}. o]ggh
APLE ARG e bR Agio] FEE A0
A Qe FFsAe AARE Y ey Faors =

ARGl TS FolHolo] AAH;AS Bukst

A @ e el aol i s i, ek

SLRIF o T2} FRkE o] QIHRal A= 2o
skt

A
1 wzamogg RIck 71 U ARIZRISG ATE

|
Zlek 7)o w2, Al
AO TN Thg 3714 5 2714
OI*J—% ‘ﬂﬁ?‘fﬂok gt =, 1) 25 wEnle] o7k H5A) 3
A odd A 2) A S I FA] Al ¥ MRIZF oht
2738l Wek 715l BaehA] 92 A 3) EH NMO-1gG
9FA(Table 1).% 20080l ] MRI 22710] T3t U]-8-2 B
ek A= Zek 71201 AN = QTH(Table 2).7% &= 8
AQP4 8| 2] Wel=Ao] &t 1, AlXA AT A

3}
ds BT WEERE g ATl = NMOIgG/&F
QP4 T ) 218 I 1o oo sk A
AErd 2" E- ASHNMO spectrum disorder)2li= 71d

°] Xﬂ*lEI‘EiEHTabe P ole wheh @A) el ME 2006
A AAE ARAHEY At 7SS WA |R] guEE,
S B AR e S, AR

ngeRe Ak, sk 27io] QoA NMOIgG/3

Table 1. Revised criteria for the diagnosis of NMO™

Optic neuritis
Acute myelitis
At least two of the following three supportive criteria:

Contiguous spinal cord MRI lesion extending over at least three
vertebral segments

Onset brain MRI not meeting the diagnostic criteria for MS

NMO-IgG seropositivity status

201413 thett A eta] M33K} ofstie] -4o=-



a37,38

Table 2. Diagnostic criteria of NMO'

Major Criteria (all criteria are required, but may be separated by an unspecified interval)

(i) Optic neuritis in one or more eyes

(i) Transverse myelitis, clinically complete or incomplete, but associated with radiological evidence of spinal cord lesion extending over three or more
spinal segments on T2-weighted MRI images and hypointensity on T1-weighted images when obtained during acute episode of myelitis

(iii) No evidence for sarcoidosis, vasculitis, clinically manifest systemic lupus erythematosus or Sjdgren’s syndrome, or other explanation for the

syndrome.

Minor criteria (at least one must be fulfilled)

1. Most recent brain MRI scan of the head must be normal or may show abnormalities not fulfilling Barkhof criteria used for McDonald diagnostic

criteria, including:

i) Non-specific brain T2 signal abnormalities not satisfying Barkhof criteria as outlined in McDonald criteria

iii) Hypothalamic and/or brainstem lesions

(
(i) Lesions in the dorsal medulla, either in contiguity or not in contiguity with a spinal cord lesion
(
(

iv) “Linear” periventricular/corpus callosum signal abnormality, but not ovoid, and not extending into the parenchyma of the cerebral hemispheres in

Dawson finger configuration
2. Positive test in serum or CSF for NMO-lgG/aquaporin-4 antibodies

*These criteria exclude limited or inaugural syndromes that may be NMO, such as recurrent transverse myelitis with longitudinally extensive spinal cord
lesions, or recurrent ON; further study is warranted to clarify their relationship with NMO, especially in the setting of seropositivity for NMO-1gG/AQP4

antibodies.

®Periodic surveillance with brain MR scanning is necessary to monitor for the emergence of new lesions that may lead to a revised diagnosis.

Table 3. NMO spectrum®

NMO
Limited form of NMO

Idiopathic single or recurrent events of longitudinally extensive myelitis (> 3 vertebral segment spinal cord lesions seen on MRI)

Optic neuritis: recurrent or simultaneous bilateral
Asian optic-spinal multiple sclerosis

Optic neuritis or longitudinally extensive myelitis associated with systemic autoimmune disease

Optic neuritis or myelitis associated with brain lesions typical of NMO (hypothalamic, corpus callosal, periventricular, or brainstem)

2. SASYALIAZS-AH(Seronegative NMO)
WA o Z= AP A S HolANE NMOIgG/

FAQP4 A A= S7d& Hole FARA AA1B8H
I k. NMO-1gG/3}
AQP4 FHA| A Wbl whe} Wiz T} 200 HEo] ApolE
Y g olona WE tigk A7 FE o]FaL Qirh
NMO-IgG/&AQP4 &HA1¢] 97} 52 XIsdo] mi-¢- wrotba]
Aol FrPHeRE AZo] BIlsE Aee AT Ao
2 A7 weba] NMO-IgG/3AQP4 A7 HEE]#] &
ShaL 3t AR A ] Zlehs wiAIE = Qivk e

O

20141 HEHIZTLEIS| H337 B18THE| -2/

Ed ?_]r?(]-‘)ﬂ/ﬂ TJ_§/]J_%7 e (myelin oligodendrocyte
glycoprotein, MOG)]| thél AU, CV2/CMRPS&} 22 A1
A28} (paraneoplastic antibody)7} 71ZH v} 9lc},*

3. AlnlExE

0] AMER0| JHi] Hat
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