














Figure 3 Diencephalic and cerebral lesions in neuromyelitis optica spectrum disorder

A variety of brain lesion patterns are associated with neuromyelitis optica spectrum disorder. Axial T2-weighted fluid-
attenuated inversion recovery (FLAIR) MRI from 2 patients demonstrates lesions involving the right thalamus (A; arrow)
and the hypothalamus (B; arrows). Axial T2-weighted FLAIR MRI shows an extensive subcortical white matter lesion
(C; arrow) that enhances after gadolinium administration on T1-weighted sequences (D; arrow). Chronic longitudinally
extensive and linear corpus callosum lesions are depicted on sagittal T2-weighted FLAIR MRI (E; arrows). Coronal
T2-weighted FLAIR MRI shows longitudinal involvement of the corticospinal tract extending to the cerebral peduncle
and pons (F; arrows). Acute periependymal cerebral lesions from one patient are depicted using sagittal (G; arrow) and
axial (H; arrows) T2-weighted FLAIR MRI and axial T1-weighted MRI with gadolinium (I; arrows).
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experienced recurrent cerebral manifestations including
encephalopathy.56 Aside from these caveats, the
currently proposed diagnostic criteria for NMOSD
are appropriate for pediatric patients. Longitudinal
observation of the clinical course for dissemination in
time and retesting the AQP4-IgG status of some
children, especially AQP4-IgG-seronegative individuals
presenting with an ADEM-like event that includes
optic neuritis and LETM, may be required to achieve
confident diagnosis.

Monophasic NMOSD. The occurrence of a second clin-
ical attack, which defines a relapsing disorder, was
often considered sufficient to revise the diagnosis to
MS in otherwise typical NMO cases. Approximately
5%–10% of contemporary cases are described as mon-
ophasic, although the optimal definition for monopha-
sic NMOSD remains elusive. It is unclear whether the
occurrence of bilateral optic neuritis and myelitis at
initial presentation are helpful or essential to distin-
guish such cases from relapsing NMOSD. Similarly,
the interval between index clinical events that is com-
patible with monophasic NMO has not been consis-
tently defined or adequately examined as a predictor of
future clinical course. Although early risk of relapse is
high in AQP4-IgG-seropositive cases (e.g., about 60%
within 1 year after LETM),20 cases have been
documented in whom more than a decade elapsed
between the index events and relapse.e34

Several studies show a pattern of apparently mon-
ophasic NMO being associated with a more equitable
sex distribution, relatively younger age at disease
onset, tendency to present with simultaneous myelitis
and bilateral optic neuritis (rather than unilateral
optic nerve involvement), lower frequency of other
autoimmune diseases, and lower prevalence of serum
AQP4-IgG compared to relapsing NMO.4,37,e96 A
fraction of these patients may have other serum anti-
bodies such as MOG-IgG.47

The Panel concluded that monophasic NMOSD
is a recognizable clinical entity but that criteria that
accurately predict long-term adherence to a mono-
phasic course cannot currently be defined. An interval
longer than 4 weeks between index attacks indicates
relapsing disease. The Panel also recommended that
at least 5 years (preferably longer) of relapse-free clin-
ical observation after the index events be required
before a monophasic course is assumed with any
degree of confidence. Patients who are AQP4-IgG-
seropositive should be assumed to be at risk for
relapse indefinitely and preventive treatment should
be considered, even in the setting of a prolonged clin-
ical remission.

Systemic autoimmunity associated with NMOSD. Based
on evidence from several observational studies, the

Panel concluded that clinical diagnoses of SLE, SS,
or myasthenia gravis may coexist with NMOSD clin-
ical syndromes in AQP4-IgG-seropositive patients
and, in fact, their presence strengthens confidence
about a NMOSD diagnosis.58,e97,e98 The underlying
cause of CNS symptoms and signs is more likely to be
co-associated NMOSD than a direct complication
(e.g., associated vasculitis) of SLE or SS. In a
patient suspected of having NMOSD, the presence
of clinical myasthenia gravis or detectable serum
acetylcholine receptor antibodies is considered
supportive of NMOSD diagnosis.e99–e101

Pathology. Pathologic findings in biopsy or autopsy tissue
obtained from patients with AQP4-IgG-seropositive
NMOSD demonstrate loss of AQP4 immunoreactivity
and evidence of perivascular complement activation in
actively demyelinating lesions.e20,e21 Additionally,
findings supportive of astrocytopathy such as truncated
astrocyte processes or cell loss may be detected by
immunostaining for glial fibrillary acidic protein.59,e20

These findings in active lesions distinguish AQP4-IgG-
positive NMOSD from MS; data from seronegative
individuals are not yet available.59 Necrosis and lesion
infiltration with neutrophils and eosinophils are
supportive characteristics,e102 but may not be present.
Spinal cord lesions may differ from supraspinal lesions
in this respect.e103 Serum AQP4-IgG testing usually
obviates the need for biopsy in severe myelitis and
leukoencephalopathy syndromes.e19,e104,e105 Aquaporin-4
immunostaining is not a routine procedure in CNS
biopsy processing and is available only in select centers.
The Panel does not recommend CNS biopsy but
recognizes that in atypical cases, expert pathologic
review of biopsy tissue of brain or spinal cord might
help establish NMOSD and exclude competing
diagnoses.60

Opticospinal MS. The term opticospinal MS was
introduced in Japan to refer to a pattern of MS that
is relatively more common in Asian countries.11,e106

It was defined by recurrent optic neuritis and myelitis
attacks with no brain involvement, although some
investigators allow occurrence of certain brainstem
syndromes.e107 The description of opticospinal MS
represented an important milestone because it recog-
nized that there was a relapsing illness distinct from
conventional MS that selectively targeted the optic
nerve and spinal cord at a time when relapses were
deemed to be incompatible with a diagnosis of NMO
in both Western countries and Japan.

Contemporary NMO criteria that include MRI
criteria for length of spinal cord lesions and detection
of AQP4-IgG are more specific than historical optico-
spinal MS criteria. Clinicians and investigators in
many Asian countries now use the term NMO rather
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than opticospinal MS in research and practice. When
similarly defined in Asia, NMO clinical syndromes
and brain MRI lesions are both analogous to those
encountered in Western countries.22,23,33,39,e108 The
Panel concluded that opticospinal MS is a historically
important but now superseded term, especially in
light of the need to distinguish NMO from MS to
guide treatment decisions.15–18,e24–e26

DISCUSSION The high specificity of AQP4-IgG has
been exploited to expand the clinical and
neuroimaging spectrum of NMO. The consensus
definition of NMOSD unifies traditional NMO and
modern NMOSD definitions. It allows for NMOSD
diagnosis in AQP4-IgG-seropositive patients with
involvement of almost any CNS region as well as in
those with restricted involvement of a single region
(e.g., recurrent transverse myelitis). For the first time,
criteria allow for NMOSD diagnosis in patients who
have not experienced clinical involvement of either
optic nerves or spinal cord. The Panel reached these
conclusions for the following reasons: (1) there are
no established biological differences between patients
diagnosed with NMO compared with NMOSD
(using 2006 and 2007 definitions, respectively)
in AQP4-IgG-seropositive patients; (2) limited
NMOSD syndromes affecting CNS regions other
than the optic nerve and spinal cord often herald
subsequent clinical attacks consistent with
conventional NMO in AQP4-IgG-positive patients;
and (3) current immunotherapeutic strategies are the
same for relapsing NMO and NMOSD, regardless
of AQP4-IgG serologic status. To enhance criteria
specificity, AQP4-IgG-seronegative patients must
have experienced at least one of the 3 most common
clinical characteristics of seropositive NMOSD,
namely optic neuritis, transverse myelitis with
LETM, or area postrema syndrome with associated
MRI lesions. These criteria are appropriate for adults
and, with minor caveats, children. Finally, the Panel
cautions against making a diagnosis of monophasic
NMOSD, especially in AQP4-IgG-seropositive
patients, and recommends abandonment of the term
opticospinal MS for cases that meet NMOSD criteria.

The IPND criteria are expected to facilitate earlier
and more accurate diagnosis by identifying individu-
als who would have been diagnosed with idiopathic
transverse myelitis, idiopathic optic neuritis, or atyp-
ical MS. This will be particularly true for AQP4-IgG-
seropositive patients experiencing their first CNS
attack (such patients will now meet NMOSD crite-
ria), leading to a specific treatment path with immu-
notherapy for attack prevention. The criteria should
also provide greater specificity for distinguishing both
AQP4-IgG-seropositive and AQP4-IgG-seronegative
NMOSD from MS. Early-stage diagnostic specificity

is critical because recent observational data suggest
that interferon-b, natalizumab, and fingolimod may
worsen NMO.15–18,e24–e26

The IPND criteria are expected to facilitate more
comprehensive and comparable epidemiologic studies
by supplying a uniform case definition and a glossary
of defined terms. For AQP4-IgG-seronegative cases
diagnosed using the new NMOSD scheme, detailed
clinical, neuroimaging, and laboratory descriptions
of patients will be necessary to better characterize this
heterogeneous population. This is particularly impor-
tant to identify the frequencies with which serocon-
version to AQP4-IgG positivity or detection of
other autoantibodies of interest occur and to identify
phenocopies later diagnosed as other conditions.

Many observations used to construct the IPND
criteria were derived from relatively small case series.
The Panel recommends several large-scale prospective
validation and assessment strategies. These include
but are not limited to studies that (1) systematically
apply the criteria to consecutive cases of NMOSD,
with and without AQP4-IgG, to determine whether
the diagnosis is confirmed or another alternative diag-
nosis emerges in follow-up; (2) validate the associa-
tion and potential immunopathogenesis of serum
MOG-IgG (and other future potential laboratory
and neuroimaging biomarkers) with clinically diag-
nosed NMOSD; (3) identify clinical settings in which
false-negative and false-positive AQP4-IgG results are
more likely; (4) validate different definitions predic-
tive of clinical course (monophasic vs relapsing) and
determine the distinguishing characteristics of these
subtypes; and (5) further examine the immunopa-
thology of NMOSD to determine whether there is
unrecognized heterogeneity to inform its classifica-
tion, especially of AQP4-IgG-seronegative cases.
These and other approaches to criteria validation will
allow future refinement of NMOSD diagnostic crite-
ria commensurate with the next era of scientific
advances.
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