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ABSTRACT

Neuromyelitis optica (NMO) is a CNS demyelinating disorder, characterized by optic neuritis and
acute myelitis. A specific autoantibody of NMO, NMO-IgG was recently detected, which resulted in
the revision of the diagnostic criteria of NMO, proposed in 1999. The new diagnostic criteria emphasized the long cord lesion over 3 vertebral segments and the presence of NMO-IgG. In addition, with
the positivity of NMO-IgG in longitudinal extensive myelitis, recurrent optic neuritis and autoimmune
disorders, the spectrum of NMO-related disorders were broadened. The review for NMO spectrum
disorders and NMO-IgG will provide a help to understand NMO, this rapidly disabling disease.
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Introduction
Neuromyelitis optica (NMO), known as Devic syndrome
(or Devic disease) was identified in the 19th centry.1 The traditional term NMO was applied to patients with a monophasic
event consisting of bilateral simultaneous optic neuritis (ON)
and acute myelitis, but sparing the remainder of the central
nervous system.2 However, NMO is now recognized to
typically evolve as a relapsing disorder that also includes
patients with unilateral ON and those with index events of ON
and myelitis occurring weeks or even years apart.2 Recently,
the detection of NMO immunoglobulin G (NMO IgG), an autoantibody, in the serum of patients with NMO, is known to
3
distinguish NMO from other demyelinating diseases. Moreover,
this antibody is also found in other NMO-related disorders,
which suggests of the need to reestablish the spectrum of NMO.

Diagnostic criteria of neuromyelitis
optica (NMO)
In 1984, Devic and Gault described the sine qua non clinical

characteristics of neuromyelitis optica: ON and acute transverse
myelitis. The patients had monophasic or relapsing courses
of NMO.4 The definition of NMO developed from the
recognition that attacks of ON are more commonly unilateral
than bilateral, and that attacks of ON and myelitis usually
occur sequentially rather than simultaneously. A previous
diagnostic criteria of NMO, which has been most widely
used and replicated, was the result of a retrospective study
published in 1999 by Wingerchuk et al (Table 1).5 These
include the absolute requirement that a patient experiences
both ON and myelitis but without clinical symptoms or
signs implicating other CNS structures. Major and minor
supportive criteria, including characteristics of the attacks
(bilateral ON, attack severity and recovery), brain and spinal
cord MRI features, and the CSF profile, were also proposed
to enhance the specificity of the diagnostic schema. However,
the criteria have limitations, and international experience
generally has concurred with this fact. In 2006, Wingerchuk
et al proposed revised diagnostic criteria for NMO (Table 2).6
In this proposal, several criteria has been removed or changed,
‘No clinical disease outside of optic nerves and spinal cord’,
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Table 1. Proposed diagnostic criteria for neuromyelitis optica
(1999)
Diagnosis requires all absolute criteria AND
One major supportive criterion or 2 minor supportive criteria
Absolute criteria
1. Optic neuritis

Idiopathic single or recurrent events of longitudinally extensive myelitis
(vertebral segment spinal cord lesion seen on MRI)
Optic neuritis : recurrent or simultaneous bilateral

2. Acute myelitis

Asian optic-spinal multiple sclerosis

3. No clinical disease outside of the optic nerves and spinal cord

Optic neuritis or longitudinally extensive myelitis associated with systemic
autoimune disease

Major supportive criteria
1. Negative brain MRI at disaese onset (normal or not meeting radiological
diagnostic criterai for MS)
2. Spinal cord MRI with T2-signal abnormality extendnig over > 3
vertebral segments
3. CSF pleocytosis (> 50 * 106 WBC/L) or > 5 * 106 neutrophils/L
Minor supportive criteria
1. Bilateral optic neuritis
2. Severe On with fixed visual acuity worse than 20/200 in at least 1 eye
3. Severe, fixed, attack-related weakness (MRC grade 2 or less) in 1 or
more limbs
Potential criteria revisions
1. Allowance for extraoptic-spinal clinical symptoms and signs or brain
MRI lesions if other criterai satisfied
2. Requirement for > 3 segment spinal cord MRI lesion
3. Integration of NMO-IgG serologic status into diagnostic schema

Table 2. Revised diagnostic criteria of neuromyelitis optica
Definite NMO
Optic neuritis
Acute myelitis
At least two of three supportive criteria
1. Contiguous spinal cord MRI lesion extending over 3 vertebral
segements
2. Brain MRI not meeting diagnostic crietria for multiple sclerosis
3. NMO-igG seropositive status

‘negative brain MRI at disease onset’, ‘CSF pleocytosis’,
and 3 minor supportive criteria. Newly incorporated criteria
are ‘NMO-IgG status’ and ‘brain MRI not meeting diagnostic
criteria for MS’.

Neuromyelitis optica antibody
(NMO-IgG)
NMO-IgG is a disease-specific autoantibody for NMO and
binds selectively to aquaporin-4 (AQP4), a CNS water channel
protein, which is found in astrocyte foot processes (blood-brain
border), the glia limitans (subarachnoid cerebrospinal

6

Table 3. Neuromyelitis optica spectrum disorders
Neuromyelitis optica
Limited forms of neuromyelitis optica
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Optic neuritis or myelitis associated with brain lesions typical of neuromyelitis
optica (hypothalamic, corpus callosal, periventricular, or brainstem)

fluid-brain border) and ependyma (ventricular cerebrospinal
fluid-brain border). This antibody was reported to be 76%
sensitive and 94% specific for clinically defined NMO, by
Lennon et al.3 Two independent groups have since reported
experience with the assay introduced by Lennon and co-work7,8
ers11 using recombinant human aquaporin 4 as the antigen.
Takahashi and co-workers reported that with 1:4 dilutions of
patient serum, the immunofluorescence assay of transfected
HEK280 cells described by Lennon and co-workers9 was 91%
sensitive and 100% specific for NMO, with clinical diagnosis
8
as the reference standard. However, even with the most
sensitive assays, 10-25% of patients clinically diagnosed with
NMO are seronegative for NMO-IgG. Whether the lack of
NMO-IgG in these patients is indicative of inadequate clinical
diagnostic criteria, suboptimal assay sensitivity, or it represents
a closely related autoimmune disorder that targets a different
autoantigen in the glia limitans is not clear.

Neuromyelitis optica spectrum
disorders (NMOSDs)
NMO-IgG, a specific serologic marker for NMO, is also
detected in the serum of patients with disorders related to
neuromyelitis optica, including Asian optic-spinal multiple
sclerosis, recurrent myelitis associated with longitudinally
extensive spinal cord lesions, recurrent isolated optic neuritis,
and optic neuritis or myelitis in the context of certain organspecific and non-organ-specific autoimmune diseases (Table 3).4

1. Limited forms of neuromyelitis optica
The term, “limited forms of NMO” usually indicates ‘idiopathic
single or recurrent events of longitudinally extensive myelitis
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(LEM)’ and ‘recurrent or simultaneous bilateral ON’. In the
study of Lennon et al. which described NMO-IgG first,
NMO-IgG was detected in a half of patients with recurrent
3
LEM and in a quarter of patients with recurrent ON. Another
study to confirm the previous results for NMO-IgG in Oxford,
NMO-IgG was also observed in 4 of 5 patients with isolated
LEM.10 Moreover, NMO-IgG was positive in patients with
11
progressive necrotizing myelopathy. A recent observation
showed that some of patients with immune-mediated optic
neuritis, such as chronic relapsing inflammatory ON, relapsing
isolated ON and single isolated ON had NMO-IgG, compared
to the negative results in patients with ON in the context of MS.12
More importantly, Weinschenker et al. reported that approximately 40% of LEM patients were NMO-IgG seropositive and
these patients were at high risk for relapse.13

2. Asian optic-spinal multiple sclerosis (OSMS)
Multiple sclerosis (MS) in Asian population is characterized
by the selective involvement of the optic nerve and spinal cord
and 15-40% of them especially in Japan have been of ‘opticospinal’ type.14 This form of MS has a higher age at onset and a
higher female to male ratio than conventional MS. However,
recently many neurologists suggested that OSMS is NMO, but
no more MS.14,15 One of evidences of this was that NMO-IgG
was found in more than half of Japanese patients with OSMS.3,16
However, some Japanese neurologists suggested that OSMS is
not same with NMO, because interferon is effective in Japanese

OSMS patients and NMO-IgG was detected in a few Japanese
17-19
Moreover, recently, it was
patients with conventional MS.
suggested that anti-AQP4-positive patients are immunologically distinct from anti-AQP4-negative OSMS patients in
Japan.20 However, there are still debates for the relationship between OSMS and NMO.

3. Optic neuritis or longitudinally extensive myelitis
associated with systemic autoimmune disease
The association of NMO and autoimmunity was well
described in a previous paper published by Pittock et al.21 In
NMO patients, anti-nuclear antibody is observed in 52% and
anti-extractable nuclear antigen in 17%, without having
systemic lupus erythematosus (SLE) or Sjogren’s syndrome
(SS). They observed that patients meeting diagnostic criteria
for SLE or SS, but not having ON or LEM were NMO-IgG
seronegative. Therefore, the coexistence of NMO and autoimmune disorders was strongly suggested. Moreover, there
were reports where NMO was the initial presentation of SLE or
Sjogren’s syndrome.22-24

4. Optic neuritis or myelitis associated with brain lesions
typical of neuromyelitis optica (hypothalamic, corpus
callosal, periventricular, or brainstem) (Fig. 1)
MRI findings of the brain at the onset of NMO are typically
normal (except for optic nerve enhancement by intravenously

Figure 1. Brain lesions typical of neuromyelitis optica. Periependymal
corpus callosal lesions, hypothalamic lesions, and periventricular
brainstem lesions adjacent to the 3rd and 4th ventricles, known to
have high AQP4 expression, are observed in neuromyelitis optica
patients.
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administered gadolinium during an acute attack of optic
neuritis), in contrast to MS, or they show non-specific, white
matter lesions that do not satisfy neuroimaging criteria for the
5,25,26
diagnosis of MS.
Hence, asymptomatic brain lesions are
commonly found in NMO and symptomatic brain lesions do
27
not exclude the diagnosis of NMO. In addition, several brain
lesions atypical for MS, but characteristic for NMO were
observed and these lesions are known to be localized at sites of
high expression of aquaporin 4, the target for NMO-IgG.28

Diagnostic issues of NMOSDs in Korea
The recent study by Korean MS study group showed that SS
patients with recurrent CNS involvement have brain abnor22
malities characteristic of NMO and AQP4-Ab in Korea. This
suggests that the coexistence of NMO should be explored in SS
patients with recurrent CNS manifestations, even without optic
neuritis or myelitis. Another study performed in a single center,
also demonstrated that patients with SS and myelitis have poor

prognoses with high mean annual relapse rates, and most
seemed to have the clinical and immunological characteristics
of NMO.29 In our study for SS, brain lesions typical of NMO
were observed in all 12 patients with optic neuritis or myelitis,
8 of whom were checked for AQP4-Ab and 6 of 8 were positive
for this antibody.22

1. Relation to systemic autoimmune disorders
The Korean MS study group has concentrated on the relationship of NMO and systemic autoimmune disorders, especially SS and studied ‘brain abnormalities of primary SS with
recurrent CNS manifestations : association with neuromyelitis
optica’.22 This study included 12 patients with SS who had
recurrent CNS manifestations with brain involvement. In the
analysis of brain MRI, neurologic and serologic findings, it was
found that all patients had common brain lesions characteristic
of NMO, as follows: (1) the involved sites adjacent to the ventricles and in the internal capsule, (2) unique configurations,

A

B

B'

C

C'

Figure 2. Brain lesions characteristic of NMO in Korean Sjogren’s syndrome patients with recurrent CNS involvement. (A) Adjacent lesions to the 3rd and
4th ventricles, (B) Longitudinal lesions involving corticospinal tract from internal capsule to cerebral peduncle, (C) Extensive large lesions over
3cm in diameter in hemisphere, cerebellum and corpus callosum.
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such as the longitudinally course from the internal capsule to
the midbrain, large lesions and cavity-like formations (Fig. 2).
Anti-aquaporin 4-antibody (AQP4-Ab, measured by P. Waters
and A. Vincent at Oxford Biomedical Research Center) was
positive in six of eight patients, tested. All patients with myelopathy revealed LEM, which was shown as over three vertebral
segments (8.3±2.7, meand±SD) and located in the central portion of the cord. Four patients met the revisited criteria of NMO
and nine had features of NMOSDs. This study demonstrated
that SS with CNS recurrence shows frequent characteristic
findings of NMO and these brain lesions suggest of NMOSDs.
Hence, the detection of NMO-IgG and brain lesions characteristic of NMO in those patients may support the coexistence of
NMO and autoimmune disorders. More interestingly, among
12, there was one SS patient who had AQP4-ab and brain
abnormalities characteristic of NMO, but did not suffer ON or
LEM. However, this patient developed ON and LEM one year
after the positivity of AQP4-ab; therefore this case suggests
that brain MRI lesions characteristic of NMO and positive
AQP4-Ab may predict LEM and ON in SS.30 Next, another
study for “SS with myelitis (SSM)” in Korea, also showed that
patients with SSM had poor prognoses with high mean annual
relapse rates, and most seemed to have the clinical and
immunological characteristics of NMO.29

2. Brain abnormalities in NMOSD
The 1st study, commented above, showed that patients including those with NMOSDs had brain lesions characteristic
for NMO. Among those, 4 NMO patients also revealed signal
abnormalities in diffusion weighted image (DWI) and they all
were AQP4-Ab seropositive. MRIs performed between 3 to 7
days after symptom onset, showed high signal intensities in
DWI and apparent diffusion coefficient (ADC) maps with
different enhancement patterns. It is suggested that these
lesions may be reflective of vasogenic edema, from interruption of blood-brain barrier, not vasculitis itself as observed
in other systemic autoimmune disorders. This vasogenic edema
in extensive hemispheric or periependymal lesions has been
reported in several studies.31,32 The lesions in patients with
NMO-IgG showed no enhancement, which suggests of intact
31
blood-brain barrier and dysfunction of AQP4 water channel.
Also, the unique enhancement pattern, “cloud-like enhancement” is observed in Japanese patients with NMO, which may

help to differentiate from MS.32

Conclusion
Most of all, the result of NMO-IgG must be important for the
diagnosis NMO as well as NMOSD, although the role of
NMO-IgG has not been fully elucidated. The specificity of
NMO-IgG as a marker for NMO and its immunoreactive sites
in the spinal cord suggests of a true pathogenic role rather than
being a secondary phenomenon.14,15 Finally, NMO is now considered as distinct from prototypic MS, despite the fact that
most patients with NMO have a relapsing-remitting course and
satisfy diagnostic criteria for MS.5,26 Therefore, the differentiation of NMO or NMOSD from MS could help the early diagnosis and the proper management.
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