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Acute demyelinating encephalomyelitistADEM) and neuromyelitis optica(NMO) are two important diseases involving white matter of
central nervous system. This review covers current criteria for diagnosis, differential diagnosis, and treatment of ADEM and NMO.
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Acute disseminated encephalomyelitis (ADEM)

ADEM 54 HWFo] walstth= 5740] 9o, Aal
Aoy FJAdHFARE A5 sHHET ADEMS 49
a17] $1gk ® 7] A7t Aot obF] 1of| thgk veksh
Aole o). dAAEAME d¥F ez W (monophasic)
(ohd 9% JAWhe| AHE Hole, vvHd(diffuse) B
+ v (multifocal) o] FFA17A] d5olztal AHod
Tt ADEME A AR HH 5] 2]9= Y (experimental au-
toimmune encephalomyelitis, EAE) 28 2] 47 He|=
A%}, ADEM2 #4183 2= (postvaccinal encepha-
lomyelitis) 2 2 E-2]7]% d}%on, Tolx] gl gt nl
2} TS wkgo) o3 fEE Zog AR 555 ¥
2J8hA] 27l A F9] “Arfi(sleeves) ol 5} EolF
geto] Q= FHie LHUEst AAIHo] fon, HE 1
on7t tA] = Heldhgo s ADEMS AAA
(fulminant) F/3 3785 (multiple sclerosis, MS)3}
sk = Stk 54 MSe S dolRlge, FxAME

o] Aol FEA, WA HoluAl 2o} 3 A%
o

o} ERPAIAN Z223APT Al ENS A A Zd
71%(Table 1DoA AFH F8 I8 B E3] Y=
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] dolAE Bebdsitt? ek Fdk)Eols v A7)
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Acute Demyelinating Encephalomyelitis and Neuromyelitis Optica

Table 1. International pediatric multiple sclerosis study group consensus definitions

Monophasic Acute Disseminated Encephalomyelitis (ADEM)
« A first dlinical event with a presumed inflammatory or demyelinating cause
« Acute or subacute onset that affects multifocal areas of the CNS
« Polysymptomatic and must include encephalopathy, including one or more of the following:
- Behavioral change (confusion, irritability)
- Alteration in consciousness (lethargy, coma)
« Postevent improvement clinically, on MRI, or both; residual deficits permitted
*No prior clinical episode consistent with demyelinating event
* No other etiologies apparent
* New or fluctuating symptoms, signs, or MRI findings occurring within 3 months of the inciting ADEM event permissible

* Brain MRI (T2-weighted) with focal or multifocal supratentorial or infratentorial lesions, often large (1 to 2 cm), predominantly involving
white matter, but frequently present in gray matter (especially basal ganglia or thalamus), without evidence of previous destructive white
matter changes; brain MRI showing a single large lesion (1 to 2 cm), predominantly affecting white matter also possible, although rare

* Spinal cord MRI may have confluent intramedullary lesion(s) with variable enhancement, in addition to abnormal brain MRI findings
specified previously
Recurrent ADEM
* Recurrence of the initial symptoms and signs of ADEM 3 or more months after the first event
*No new lesions based on history, examination, or neuroimaging
« Event does not occur while on corticosteroids and occurs at least 1 month after completing therapy
* MRI shows no new lesions; original lesions may have enlarged
* No better explanation exists
Multiphasic ADEM

» New clinical event also meeting criteria for ADEM but involving new anatomic areas of the CNS as confirmed by history, neurologic
examination, and neuroimaging

« Subsequent event must occur:
- At least 3 months after the onset of the initial ADEM event
- At least 1 month after completing steroid therapy

« Subsequent event must be a polysymptomatic presentation, including encephalopathy, with neurologic symptoms or signs that differ from
the initial event (mental status changes may not differ from the initial event)

* Brain MRI shows new areas of involvement and complete or partial resolution of prior ADEM-associated lesion

o ek 7P o] Maakn, A %, A48 24, sl ohgHel o] MALET ek, ADEMANE %A
PN WA 54, et W 5 olgd o= MRIE 37 ZAS W Al2e W] UrEMXl o
O

ADEM®] Aghe the 75 Alvko] MiAES Wl 7hs R A I IR e

o

s, Qo AT g Aol U kgt g B K SR WSo|Hel 2ol BE IgGAR(G in-
oe F7 Baslo} drh 53] F4ol AU EE 2HE dew7) —7}0}7&4 gelnaEn} AEHAE gon, 1
o= AR F ghElEieA, Aol WASEA Bol Fas  oF Ade wolt shuehs YrKelt

. Qb AWe ADEME) ko] &7 B8 ke A 8ol tht E2el e AR 3] ADEM] 2elsh
7} Eh W, Zojelits Aol MAE) Sl ADEMe] 7l oJAlE)3 The e Zhs Aol rka Hek 2wz
ke 73] WA QF Bk ADEMS] GH8HA & oS o84 RS AEsit dukHow 2 Rels
Ae vSoldolrt, thFRel ol Mseh ety W ok @e ARE, U 5 o el A=A e, ol
£ 797 wom, ox, 24, 7148 Fol WA A9 H] ADEM S} e F4L moly] uhelth 1g
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Table 2. Diagnostic criteria for neuromyelitis optica

Optic Neuritis
Acute Myelitis
At Least Two of the Three Supportive Criteria Below:

Contiguous spinal cord MRI lesion extending over three or more vertebral segments (reliably assessed in the context of an acute myelitis)

Brain MRI not meeting diagnostic criteria for multiple sclerosis

Neuromyelitis optica-lgG seropositive status

Table 3. Neuromyelitis optica 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)

NMO, neuromyelitis optica

2 AH 2ot X Bow B3l Ao g oflEl= A
< ¥ 27 A Algste] g2 7Fsd d3kS zhEs|ol

goln, o] HPHog FH 9| TS = Al
neFo = gt olgh Wesd A Msox] 54
Hog AFEE §FA LoldEe, trAE Hf, v
/g Holuw M T3 TiEt HZells MS SAelA A
Aok 7} SFEtEkAl B/gskE AL 3 (aggregation) B
270 ?&%El?igﬂ%, OIt— o Axs s

$ chpev, ol Zivko] <lnh
e o] FolA) 7}011 we} gelgich, e ADEM]

3t EolAQl et HAAPHo] gla, AAA MSU ThE FA4

g} s SR 24 B S A=

ADEMe]| tgh 5219 g A= AlsE Ho| gltt. Al
H7 Ao A3 7|FE AEHS FZEFAHRo|E I
{5k Aol Eojo|n] AHFH O 1 g/day (&o}e] 7 10-30
mg/kg/day) S50 5UTF Fofdt 7 AT sy so R
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uHto] 3650l AA A} 7rEksith, a5
74 dolygehs Hole o] At Aol Wow
ADEMe]l thaljAli= Zde] #30 spAt A= 5
gFREd Ao Fof 2 g2 ddAAo] tsirs Sl
B} zhe grre] S 9 H(case series) S| Bl n}
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Neuromyelitis optica (NMO)
1 I‘l IQI- ==

71 de] WolEoiR|e et 7)Ee vlola FelY oA
XJW?‘& AS R, 19999 A LEHAIL 20009 7HH =
o.* 1990d 71 2 NMO-IgG/AQP4 &7} whA=7] A
of W H Aola, A 34 FA| G4 1 MRIE Ho|
© MS 325 NMOg} 73] ETheE Zlo] YSE At
2000 7R E 7152 o] del| Hlsl T<estE AL, AQP4e]
ek 2t gAE EEehes 2= UK Table 2), 2
AP el weh WIZEET) ol E=A] gobA] AQP4 A7} 3|
7F Zlgkel] P 270 o), ek 71E2 Al 99 3
W 2HrAS T 53 NMO2| AEAR T S F
Sk 7FAIRE Ho| ALt 1 el thekst A AAg Kol
RSN = AQP4l FolA]l A TEAI7F W ETHE A
o] BarE|o], AP AHEHZASHNMO spectrum dis-
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Acute Demyelinating Encephalomyelitis and Neuromyelitis Optica

order, NMOSD)#] 7ide] AlJxek(Table 3). NMO= &
AolAY A ARE Helth A NMOE AQP4 A
ZVakAlel BEE A7) o Bar, ojAo| A o) Be
A ATE Hol= %7} w0 o)m o
“é el o] NMO7} ADEMJ & P S i =%
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NMOo||A] 2|4= o] 542 ofg] 7]2] 24 B
ks %—’Fi(demyehnamon)olu} =0 MAT} 5=

FollAl FAk(necrosis)$F &-F3H(cavitation), w73 FAt

E i)

oo

E£go] B3 }71] ke, slaE 7)ok E(oligodendrocyte)
o] 2lo] Felait), WL APHor Hg TR 9
2stH, FRole 27 vy HEwo] glrh, W ot
o] AL FAYA L 2] @sHhyalinization)Ho] 91O
™, FA4Ht(eosinophil) 2} T (granulocyte) 7} Z%|0]
S ASE BEE? 854 WHoE F% 299 16,
IgM, BA| 243} 2He Fo] 312t o] 5442l Hl(im) &=

L 2ZA|E(osette) FEIE o2} B3] AQP4 vl A3}
Holw A E (astrocyte) 7} A E AL £3%27] 2 A (myelin
basic protein, MBP)2 B3 HZEEo] ¢l o|Ae t}
WAASIE Sixle] HEME B £ Qe ﬁ:ZﬂO]U}'ls’m

AT g, NMO2o| S 1
ohe} B Azl elefe] F2 ujEw, LAl Ss = A
g Mo W] 7|Helx] Fagh 9EE st NMO 3z}
ol Fo] AQP4 A= E N (blood-brain barrier)
2 Bohele] SRR otk 5, WohmAlEe) wE)
(foot process)oll Q1= AQP4¢] Agste] BAS &4}
o), A3k BAE ST 3TE sty 27
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W32 E2207)a, a8 Qs FFE o] 7/H7<l7~ﬂ
Fo] FHE-ZA(excitotoxicity) o] LAl o|xHog &
7} ubget Aoz =AE Y ‘}z]?} ol = 3 QP4 B

Ao 2 Sio} e W TS H2 5 glov, ol
Ay B, 1A 493 & '§T°]7§. T A3 (antigen-
specific T cells) 5 & Q2Q15°] HQsit}

200430l NMO A=Al A" NMOIgGE o] %9
o WAL F3AAAS) AQPi o AFRITH Zlo] HeiA
WA AQP4 AR WRET AQPAE vl 7] BAP} B
oJx Bhte] B E&(water channel)E A= 25
Z2NAA, A7, o

Fﬁ mlo

Zeh A (water channel protein)Z,

ok Z&F(inner ear), AL 5 HAle B 7|Hd] BX3
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o} FFAA dhellNE AQPaZE S el 71edst
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olulA|E o] WhETol| FAEBPHAA ] B Hgo] R IS
AR dgks s, ¥AFME(ependymal cell) 2
9] WA E(endothelial cell)oll= &A3c}, A5
A2}k 2] 3 (supraoptic nucleus)@}, o}l ed H(area post-
rema), =23 (lamina terminalis)e] 34 7]&(vascular
organ) 5 G o] °i"’ *JEO 724 2178 HIE (osmo-
sensitive neuron)7} &
.?._]:T;‘I—'ZO 22

FAQP4 FAI= Tt AeSo] AP} oY, S5
273A W] AQp4el A 3?3‘}04 A 2 A vke SAdsE
3 NMOS] Bl Hgs Fhth= Zlo] of2] Al o3|
SHEAT. HARE dFH o2 NMOSH fARE S-S B
ol A= T dFeXE & AQP4 FAIZE S/dolH, &
A FdQl BRSOl A Ao Aol wheA] Ak
SR Fethe A 508 n|Fo, 4 o|2ld thE

o[}l
o
L o
inj
juad

3
Al o 33 3)%o] Bekas 7
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F2 35 S0 9%

A AT 2 wheIsh B2 2, o o] ol
s, 742} o2 B5(dysesthetic pain), 217% e 5%
(radicular pain), Lhermitte & $-(Lhermitte’s sign)7} E3&}7|
Uehde}? 735 Haglo] HRhe YHE A B4 9,
T, TE 2 5F Aol Fo] yepd 5 ekt
NMO $:2p7} At A2 Holu, it sty gy
oPt WA o AYEe A SECE AL QP2
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sel, A 2710 QA ot BT 5 ek 2
) A 7T
S0l NMOSIAR: ] o] §lat, MRiol] ] o]
WRiEle} Sfefehe o Sl Sl A0 el
sfizel eipel s BAQPs A 24 BAHES 700 o]
Aolr] | wule] MR, Psel BaEely wed

7o) gt HA = Mse] MRI ek 7o
79 NMO7} ZIkollA] wAl =l ot Mse] MRI zlgk 7]
T WEShe FAbollA] NMOIgG/AQP4-Ab7} A=
797k WAEE > ) o] AN Hcdol
wial] 2ol NMOS| A B2 wlshs A el
A Nvoe] Qi ZalERe 3 WA Qe
NMO2] ¥ & T2 7% 94 & FLAIR (fluid attenu-
ated inversion) 3AFollA] k= tiy] wze] FH3 By
2 ok= w] &A= 2 (corticospinal tract), 7} A 2 A3,

RI=

42 9], A2 2 AWGE BA wolH, olela 5
e AGAR PR ek ] e vl
% 2 R

(1) g9 sl At

2ol AALA NMO $A=L 2A77) 34 WA
2ol A EZ7}E pleocytosisS H oM (>50 x 10° leuko-
cytes/L), Ze|aFZE(oligoclonal band)& thitd7ds}t
= @Ablx o] 850% B} vhe, ok 1530004 A}

(2) NMO-IgG/AQP-Ab

HpFolu AlXIAY, H7be H(brainstem encephalitis)
5o WEsl gkxjo A NMO-IgG/AQP4-Ab7} wHE 7%
ol o 7 g}/‘\,:]d- NMOZ ZgPsh= H]Eo| mouZ o
e 2o a0 Fhsks Aoe rler

vt NMOIOG/AQP4 Ab7} &40l H4 AAIAY =
= HZE S S| e 71de okek Zlo R AztE,
o5 &rte] AF4E NMOR JashA] ekt
SFAQP4 gHA o] ZAAPH-E 1 7] (substrate) o] whe} 23
78 (tissue-based assay) A7 (cell-based as-

ay), TH2 719 (protein-based assay) & W= 4= Ut}
537—‘}7]?}_“<>ﬂt Aol T Fof H2AE o835 HY
Z2|3FHE-4 (immunohistochemical assays, THC)©] $J.0.H,
ol olkghalel uje} Papwclz stk
histochemistry, IHC-F) B E24 21 H]3FEX (conven-

_|_4J

A (fluoroimmuno-
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tional THC, IHC-C)22 1t} NMO-1gG/AQP4-Abdl| TH
Sk WIZFEE 12,5%-100% (FXHE 62.5%)0]H, So|=w= Al
LB (FHE 100%)0] =27 |RHEA (XL 98.12%)
I} ehil R 7 A (S 98.00%) KLt ot

271 o NMO-1gGe] A&l 71 WA] o] 41
2 At AR FAll
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AZ7 MR ol = & Fa gz 2ele A SEHNESAH
(Flow cytometry, FACS) 5°] 2™, AQP4E L&A Z] 2]
Zhafo} A1z M| E (human embryonic kidney cells, HEK cells)
U} 33 2B \AM| 3 (Chinese hamster ovary cells, CHO
cells)& 7|A= o]gght MEZNE g dz2|slehEA]
He 227 HAPR RS RIZkeT) st o] A
AQP4E W= MEF(cell line)E PHo=E 28 &
AJ5}717F o3, A F i (green fluorescent protein,
GFP)o|u S73=2833th (enhanced green fluorescent
protein, EGFP)& AQP4ol| A3A|A s E3A 2 He o
5] 728 ol AQPIS] AR ML WA+ a}g
™, RPREA AR Zhsekar, A7tbe] Fol] i) E AL,
£ Ao AL I A I7F Erbs st ©dol
. BERAIZESAHL2 AQP4E sk QI HolalA|
Z(astrocytoma) ot} HEK AZE ARESHHY, df=gs) 3
AeFskslr] fok. 2ev 7lsH o R oyl vE dAHE
AR & gloke wdo] gigk ™

Thl A 7R A o) = WRASTH o2 2R (radioimmuno-

F

X2 Sl

precipitation assay, RIPA), &3 324 (fluoroimmuno-
precipitation assay, FIFA), 9]281E&-5(Western blotting,
WB), 42835224 (enzyme linked immunosorbent
assay, ELISA)S9] ¥ o] It} ELISAE AHeFz el EAo]
7Feste] FaQp4 FAle] Fref MskE RUEFsh= b
TV Ade Ao Azka. Al gt dole 314
ok g A 7R o] Wizt e PP A Iz s R

HECHE 11 AE7NHEAHECRE W o= ofAxl
HH 5 HoA] NMO-1gG/3FAQP4 SHAE A= AL

595 o] g7] vizel Qubdow s ech
ksl

5t AATtol| oJshd A A FAQP4 A7 HEE NMOSD
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Acute Demyelinating Encephalomyelitis and Neuromyelitis Optica

gkzte] oF 70%0lM HEFH F FAQP4 AL HEE
o, 84 HAPF 420 SAolAY dizelMe &
AQP4 A7} HEEA| &kt HH A HAL2HE 30
ojul Ae] ARAAY, A M| FAQP4 Ao G7Ert
1:250 o] wl, EH-738 o) AAs B uf, X5t
A AL e A o W HFH A AQP4-AbZL o5t
Al o] AZHAG”

FAQP4 A7} NMOSD $alollx] Ao SATE 7Y
Shbs o7 o] Wol BaEQY}, F2do] Aike uj
At TS B W =& T AEHI, "dYIAX R
£ Aldehel wet ser) FHAshs 210 & UERTE NMO
o] 74 F NMO-IgG/AQP4-Ab®] ZIAL A¥7} Adolln] &
A EE AN LR niE A9t Aol oet
15%-55%°| B2, A2 02 NMOSD7| A =E ghAfollA]
NMO-gG/AQP4-Ab &7 4712 Holthd HALE vhEs)d]
Aal= Ao| Aned.”

NMO-1gG/&AQP4EA| o] A W T% 5717} NMOSD
7] Aol A Yeh= 497t 8] whiol] AQP4
1& A&5Ho2 HAlsk= 212 NMOSD $2kE XU
= H 788 Ao AAHANRE AME ST 7 9l
gk A7} (AL, FAQP4 Al FET} Fopxivtar
HIEA] APke] Wsh= Aw ofy 7] wiiZof, E
&4, AtolE7RIL THIE &4d3) So] 37 dod A
o7 Ayzte

Il o o
of it

Of
-

o o
1R 8

(3) 7Iet A7FAl At

NMOE £F £0#:F 37 (Sjogren’s syndrome), HA1&
HEE3E 2 (systemic lupus erythematosus, SLE), 2744 A3}
Z(hypothyroidism), F7FE]2~34 A(rheumatoid arthritis)
So] AgtzZA "3 connective tissue disease), & L5
=(myasthenia gravis), 7 (celiac disease) ¢ T}=
A7 e Asky) Futey, &8 gkA| (antinuclear antibody),
Ro(SSA), FLa(SsB)aA|e} 22 77]-1]50]Z (non-or-
gan-specific) A7FAIEC] FF vehdt), o]2fgh AR
NMO$} th& 27 Sdgto] 35 A9 7HAAL S
7V A ey FAQP4 FAlE o vl So
#o]ojA] NMOE FHFHA] 9= thE A PA g dgtelAa=
HHAER] ekt kA HpEdolu AlalA ol aels
ST e T oA IS wf, FAQP4 FA
Fdolebd ol2gh HFoht AR Yol SdllFIToe
L F3F20] o]z} o] ofyzt NMO2] dgto = Wy

(] _‘01

20141 LRk A erS| MB3A} efsthal - 2= -

AQon], aadEFEol) FEA) SukEoe] gl @
ek Ao] Aalet.

4. X|=

i
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NMO®| A g+= A 57371 A5t 4714 A
ARZ Us Aok 5A710e dibE o= 30
B L8 ZEH|Ro|=E AW Fojslal, o]Fo
2| Zo|= ute] 3] 7 %
I8 2HRol= X7 WES3HA] k=], o]H
2] 18k (plasmapheresis) & IL#3lo} st}
T AT FEIAN, oy 33 A7 A
ZHZo|E X5l gk WS HolA| ¢k NMOS]
2b 5 50-75%004 Bk X5 § A Aol
7 A st TS ] SfellA E
elugks A8 33 oo AFtEE AoR HaEal gl
o}, di A= AR YusE A ¢ AA8] A1AE
A 3 WS B}, AN e algkse] AR
Al Sl g W, S 3 AAEA A8 2y
b = A=A Foll tisixE o] i ER] et dF
AFolME S HA 90 o|u] Al SxloaE &
Zte|ugleo] AIkE Bkl Harskal glovt 54
2y 20 ool e ndkes AldshE A, 5497 5
2 Ao AR AN HEE] QlE 7 To] & A
B 3HE 7S 5 e olF AR BarEo], 27 &
Rt ngkas AETE X8 vheo] 5 ZoE o
AaL Qiet.

NMO2| At 2] X585 23iME A9IAIx57
sith. X|EAe] el $ka} 7ivle] 3 A%,
2 el A, o]Ae] A5 719, BAA A "
TEE T ok JIAES arEste] AAslo gkt vht
73S SalolM dx) A BAR 71 de] AR e}
olE] ol E(interferon-B)-& NMO #hA}] Ak WA]ofl= &3}
b 3% B ohzh, 93lel Ase] AAE BN 4 ok
= o] HuEet ™ o}x7tA] ek 7)1 -o] welA|A]
AL, HERRIE #E-2 A BAHIZE S QNAHB-cell act-
vating factor, BAFF)E S7IAA B MEE &A4Js)shr] wE
o, A Weloldo] Fa Wel o A= NMO
o] MEIEAE ARt die] ke 2eE 5 IS
Aoz A7t e the Ms Aol Vel i
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Sgol Y AR 27l0] A8 FNE Wl Ane)
3wzl oA Ee @A el TASIET B
QA 2 ofg] AFSo] MelolAlAze) A
592 Baska ok NMOo| &3} Qlrkal HatE |
AAAZE o}A}E] @ H(azathioprine), H]ZH|Edo|ER
" (mycophenolate mofetil) 52| Zd7A|2} 2]EA T (ritu-
ximab), PF|EAFE E(mitoxantrone) 5] FAA7}F i}, o}
ZAE| e x A v FHEH 0| Ex 28 AlRle] =orn= A
2 27 4607018 Bt AT Zd=Y<L (40-60 mg/day)=
A Fofgitt, ofAlE] QX 3F 2-3 mg/kge] &S
AT 2E|Ro|E9) 3 e TEo R R A8
H|-g-o] stz Fdo] Qlov 1% o), WET 3
2%, 71339 5o F2Rgol vjad

ke
A, B3 @02 ASSIE A, L AR At ¥
=

rlr |t

}5
o <
1 g
T
ES

waht, meh opEl oYl ARE W BE BAE 4
7120l A} Hodhy, X8 &t ExEsitie

SEA, A5 Rabgo] WAlshs A9 ThE ERel W
ArAlz AR AL AFAo e Do} g, vz
el ) ol2) $ol WUT 4 U= Y e

Hw2 Mezog 28
= R s
Eo|&el ﬂ%islzﬂi B A=
Az, ol
ZEA] 28 7132 Add A 7)de] 2 WEr|d
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