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Neuromyelitis Optica Spectrum 
Disorders

Jonathan F. Cahill

 Clinical Presentation

Optic neuritis (ON) and transverse myelitis 
(TM) have long been considered the core clinical 
characteristics of neuromyelitis optica spectrum 
disorder (NMOSD). The optic neuritis of 
NMOSD presents similarly to that of multiple 
sclerosis (MS) and other inflammatory ON with 
decreased visual acuity, loss of color vision, and 
pain with eye movement developing subacutely 
over hours to days. The episodes or attacks of 
optic neuritis are most commonly severe and of 
a relapsing and remitting course. Unilateral ON 
is most typical, although simultaneous bilateral 
ON is not uncommon [1, 2]. There is frequently 
incomplete recovery from attacks with a step-
wise accrual of disability (loss of visual acuity 
and constriction of visual fields) over time. 
Similarly, the clinical presentation of TM with 
NMO is similar to that of MS, with paraparesis, 
bladder dysfunction, and a sensory level on the 
trunk being common symptoms. Lhermitte sign 
and tonic spasms, other symptoms of myelopa-
thy, are also common. Compared to MS, severe 
symptoms and incomplete recovery are more 
common in NMOSD [3]. A third clinical presen-

tation in NMOSD, which is included as a core 
clinical characteristic in the 2015 NMOSD crite-
ria [4], is that of the area postrema syndrome 
(APS). Lesions of the area postrema, the chemo-
sensitive vomiting center of the brain in the dor-
sal medulla, can be caused by the extension of 
longitudinally extensive cervical cord lesions. 
APS is characterized by intractable hiccups, 
nausea, and vomiting [5].

About half of all patients with NMO have a 
relapse of symptoms within 1 year of diagnosis, 
and up to 90% have a clinical relapse within 3 
years [6, 7]. Because residual symptoms after 
each attack are common and disability accrues 
with time, approximately half of all patients 
develop severe visual loss or inability to ambu-
late without assistance after 5 years [7, 8]. With 
the effect on neurological disability leading to 
other complications such as respiratory failure 
from high cervical lesions, the median survival 
for patients with NMO is less than 18 years [7, 9]. 
Factors associated with more severe disease and 
shorter survival include higher attack frequency 
during the first year of disease, incomplete recov-
ery from the first attack, blindness at disease 
onset, and the presence of other autoimmune dis-
eases [7, 9].

The main difference between typical MS and 
typical NMOSD is the lack of significant brain 
disease in NMOSD. The disease primarily affects 
the optic nerves and spinal cord, with relative 
sparing of the brain, although some specific brain 
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areas are increasingly recognized as being 
affected in NMOSD. Another key clinical differ-
ence between NMOSD and MS is that NMOSD 
does not have a secondary progressive phase of 
illness [10]. NMOSD is a disease characterized 
almost exclusively by relapses, sometimes with 
incomplete recovery, which can be more severe 
than relapses of MS [1, 11, 12].

 Epidemiology

The median age of onset of symptoms in NMOSD 
is about 10 years later than in MS (39 years com-
pared to 29 years) and the female-to-male ratio is 
significantly higher (range 3:1 to 9:1 in NMOSD) 
than in MS [11, 13, 14]. Other autoimmune dis-
eases, especially systemic lupus erythematosus 
(SLE) and Sjogren syndrome (SS), have been 
associated with NMOSD and longitudinally 
extensive myelitis [15–18]. The serological mark-
ers of these systemic autoimmune disorders (anti-
nuclear antibodies and Sjogren syndrome A 
antibodies) are also common in patients with 
NMOSD who do not have clinical manifestations 
of SLE or SS.  In one study of 78 patients with 
NMOSD, 66.7% of them had aquaporin-4 anti-
bodies, antinuclear antibodies were found in 
43.8%, and Sjogren syndrome A antibodies in 
15.7% [19]. Only five of the aquaporin-4 
antibody- positive patients had coexisting clinical 
SLE, SS, or both.

 Pathology and Pathophysiology

The pathology of NMOSD is primarily demye-
lination. The degree of demyelination within 
lesions is frequently more extensive than in MS, 
and there is more commonly associated necrosis, 
cavitation, and acute axonal pathology (spher-
oids) [20, 21]. There is significant oligodendro-
cyte loss in both gray matter and white matter. In 
active lesions, there is perivascular inflammation 
with macrophages and T-cells, as well as neutro-
phils and eosinophils.

With the discovery of specific autoantibodies 
to the aquaporin-4 channel on astrocytes in 

NMOSD [22], a biomarker for the disease was 
found. Aquaporin-4 is an astrocyte water channel 
found in the periventricular and periaqueductal 
brain and the gray matter of the spinal cord [23, 
24]. The aquarorin-4 channel is one of a family of 
channels that allow for movement of water across 
cell membranes [25]. The channel is highly rep-
resented in the optic nerve, the spinal cord, and 
the area postrema. In NMOSD, specific autoanti-
bodies to the aquaporin-4 channel have been 
shown to be pathogenic [26, 27]. Measurable 
aquaporin-4 immunoglobulin G antibodies 
(AQP4-IgG) can be found in 75–90% of patients 
with NMOSD, and when found, the AQP4-IgG is 
91–100% specific for NMOSD [11].

 MOG Antibodies

In a subset of patients with a clinical presentation 
of NMOSD but without AQP-4-IgG, antibodies to 
the membrane-embedded myelin oligodendrocyte 
glycoprotein (MOG) have been found [28, 29]. 
MOG-IgG is also found in children with acute dis-
seminated encephalomyelitis [30], but in those 
cases, the antibody seropositivity is not persistent 
and MOG-IgG cannot be detected after the mono-
phasic illness. MOG-IgG is not found in patients 
with multiple sclerosis or AQP-4-IgG seropositive 
NMOSD [31]. The clinical presentation of MOG-
IgG-positive NMOSD is like that of AQP-4-IgG-
positive cases, with ON and TM as the most 
common presenting syndromes. Though the sever-
ity of symptoms is similar between the two, the 
degree of recovery from attacks of ON or TM in 
patients with MOG-IgG disease is generally 
greater than for those with AQP-4-IgG disease. 
Patients with MOG-IgG- positive disease are more 
likely to have simultaneous bilateral ON, rapidly 
sequential ON, or simultaneous ON and TM [32]. 
In one large cohort of 252 patients, 56% of MOG-
IgG seropositive patients had a monophasic pre-
sentation [33]. Involvement of the cerebellum and 
brainstem is also more common in MOG-IgG-
positive patients, and cases of seizures, encephali-
tis, and meningitis have been described [34–36]. 
Because of the greater degree of phenotypic vari-
ability in MOG-IgG-positive patients, some have 
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 suggested it be considered a separate entity outside 
of NMOSD, and the terms MOG-IgG-associated 
optic neuritis, encephalitis, and myelitis 
(MONEM) have been suggested [37]. The natural 
history of MOG-IgG seropositive NMOSD is not 
fully understood, owing to the limited follow- up 
time and the low number of described cases. In 
clinical practice, most patients with MOG-IgG 
seropositive NMOSD are treated with long-term 
immunotherapy in a similar way to patients with 
AQP-4 IgG seropositive NMOSD [38].

 Imaging NMOSD

MRI is a valuable diagnostic tool for the diagno-
sis and monitoring of disease activity in 
NMOSD. Just as how the clinical presentation of 
NMOSD is similar but with notable specific dif-
ferences from MS, the imaging abnormalities of 
the two diseases are distinct. A large majority of 
patients with NMOSD presenting with ON have 
gadolinium enhancement of the optic nerve visi-
ble on MRI [11]. Bilateral optic neuritis, chias-
matic involvement, and enhancement of more 
than half of the length of the optic nerve (longitu-
dinally extensive optic neuritis—LEON) are fea-
tures more typical of NMOSD than MS [4, 39].

At the time of diagnosis, brain MRI in 
NMOSD patients is normal in nearly 80%, and 
the remainder usually have nonspecific white 
matter T2 hyperintensities not meeting diagnos-
tic criteria for MS [1]. Over time, the brain MRI 
in most patients with NMOSD demonstrates the 
accumulation of white matter T2 hyperintensi-
ties, but typically they remain nonspecific and 
not meeting MS criteria [1]. The brain MRI is 
useful in differentiating MS from NMOSD, but 
not in differentiating different antibody-medi-
ated forms of NMOSD from one another [40]. At 
disease onset, several patterns of brain MRI 
lesions specific to NMOSD have been described, 
including lesions that are longitudinally exten-
sive within the corticospinal tract, extensive 
hemispheric lesions, periependymal lesions sur-
rounding the lateral ventricle, and cervicomedul-
lary lesions [41]. With further follow-up imaging, 
a minority of patients (16%) ultimately develop 

typical MS-like lesions which satisfy MS criteria 
[42, 43].

In NMOSD patients presenting with myelitis, 
a large majority (90%) have abnormal spinal cord 
MRI showing T2 hyperintensity most often in the 
central gray matter, which usually (88%) spans 
three or more vertebral body levels within the 
spinal cord [1]. Although longitudinally exten-
sive transverse myelitis (LETM) is typical, 
lesions spanning less than three levels are also 
described [44]. Cord edema (50%) and gadolin-
ium enhancement (64%) are common during the 
acute presentation, and over time, many patients 
develop cord atrophy [1].

 2015 Criteria

Previous diagnostic criteria for NMOSD [1, 45] 
have defined NMOSD by the clinical presenta-
tion of ON and acute myelitis, with supportive 
evidence of AQP4-IgG seropositivity and MRI 
findings. Recognizing the role of AQP4-IgG in 
the pathogenesis of NMOSD, some have reported 
cases of AQP4-IgG seropositive patients not 
meeting previous NMOSD criteria [44, 46]. 
Many of these cases were first attacks or mono-
phasic presentations of ON or acute myelitis. 
Some were cases of short-segment myelitis, 
hypothalamic, or brainstem syndromes.

With increasing recognition of several differ-
ent CNS syndromes as within the spectrum of 
NMOSD, a consensus panel revised the diagnos-
tic criteria in 2015 [4]. These criteria dichoto-
mize NMOSD cases into those APQ4-IgG 
seropositive and those seronegative. Because of 
the specificity of the AQP4-IgG, the requirements 
for diagnosis of NMOSD are fewer in seroposi-
tive cases. Table  12.1 summarizes the 2015 
NMOSD diagnostic criteria.

These criteria may facilitate earlier and more 
accurate diagnosis of NMOSD, often after only one 
clinical attack (in the AQP4-IgG-positive patients). 
The criteria may also prove helpful in diagnosing 
NMOSD in a subset of patients with atypical 
MS. As treatment for NMOSD with immunother-
apy becomes more widespread, the importance of 
early and accurate diagnosis becomes clear.
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 Immunotherapy for NMOSD

Like with MS, there are several goals of treat-
ment for NMOSD.  First, one should consider 
treating acute attacks of NMOSD with immuno-
therapy to reduce CNS damage and enhance 
repair. Second, long-term immunotherapy should 
be considered to reduce the frequency and sever-
ity of subsequent attacks in order to reduce dis-
ability in the long term. A third consideration, 
though not reviewed in detail here, is the use of 
pharmacological agents and other therapies to 
reduce chronic symptoms of NMOSD, much in 
the same way as MS.

The primary goals in treating acute attacks of 
NMOSD are to restore neurological function and 
to limit irreversible damage of the CNS.  The 
mainstay of treatment for acute attacks of optic 

neuritis and transverse myelitis, the two most 
common presenting symptoms of NMOSD, is 
high-dose corticosteroids [47]. A typical dose is 
1000  mg of intravenous methylprednisolone 
daily for 3–5 days. Intravenous methylpredniso-
lone has been the treatment of choice since the 
Optic Neuritis Treatment Trial demonstrated the 
superiority of intravenous steroids over low-dose 
oral steroids [48]; but several recent studies have 
shown high-dose bioequivalent oral steroids to be 
as effective as intravenous doses [49, 50]. Oral 
tapering doses of steroids following the high- 
dose course are optional, but have not be evalu-
ated in a systematic way. An oral taper over 2–6 
months may be considered in cases of limited 
recovery or instances when the long-term immu-
notherapy to be started has a delayed onset of 
action.

Because acute attacks of NMOSD can be 
severe and poorly responsive to corticosteroids, 
additional treatment options may be necessary. In 
cases of severe optic neuritis, severe transverse 
myelitis, and NMOSD attacks, plasmapheresis 
has been shown to be helpful in achieving better 
functional recovery [51–54]. The benefit of 
 plasmapheresis is independent of AQP-4 IgG 
 seropositivity in patients with NMOSD [55]. 
A  typical regimen would be five to seven 
exchanges of 1–1.5 volumes of circulating 
plasma every other day [56]. Other acute immu-
notherapies such as intravenous immune globulin 
(IVIG) have not been shown to be effective in 
treating acute NMOSD attacks.

Because incomplete recovery from attacks is 
common, and the accrual of disability in NMOSD 
over time is largely dependent on the attack sever-
ity and frequency, long-term immunotherapy 
to reduce attacks is warranted in most patients. 
Unlike MS, NMOSD does not have a second-
ary progressive phase, and the therapeutic target 
in NMOSD is for reduced attack frequency only. 
Prior to 2019 no randomized controlled trials of 
preventative immunotherapy agents in NMOSD 
had been completed, though many different 
agents had shown benefit in small prospective 
and retrospective series, including oral corticoste-
roids, azathioprine, mycophenolate, methotrexate, 
mitoxantrone, and rituximab. Immunomodulating 

Table 12.1 2015 NMO-spectrum disorders diagnostic 
criteria

AQP4-IgG 
seropositive

AQP4-IgG seronegative or 
unknown

At least one core 
clinical 
characteristica

At least two core clinical 
characteristicsa, occurring as a 
result of one or more clinical 
attacks, and meeting the following 
requirements:
  1.  One of the core clinical 

characteristics must be ON, 
myelitis with LETM, or APS

  2.  Dissemination in space (two 
or more different core clinical 
characteristics)

  3.  MRI findings consistent with 
NMOSDb

aCore clinical characteristics: (1) Optic neuritis (ON), (2) 
Acute myelitis, (3) Area postrema syndrome (APS), (4) 
Acute brainstem syndrome, (5) Symptomatic narcolepsy 
or acute diencephalic clinical syndrome with NMOSD- 
typical diencephalic MRI lesionsb, (6) Symptomatic cere-
bral syndrome with NMOSD-typical brain MRI lesionsb

bMRI findings consistent with NMOSD: (1) Brain MRI 
normal or only nonspecific white matter lesions, (2) Optic 
nerve MRI with T2-hyperintensity or gadolinium 
enhancement extending over half the optic nerve length 
(LEON) or involving optic chiasm, (3) Spinal cord MRI 
with lesion extension over three contiguous segments 
(LETM), or three contiguous segments of focal spinal 
cord atrophy in patients with history compatible with 
acute myelitis, (4) Area postrema syndrome requires asso-
ciated dorsal medulla/area postrema lesions, (5) Acute 
brainstem syndrome requires associated periependymal 
brainstem lesions
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agents used to treat MS, such as beta-interferon, 
natalizumab, and fingolimod, have largely been 
unsuccessful in NMOSD or shown to be harmful 
[57–59].

A small retrospective study showed long-
term corticosteroid therapy in NMOSD to 
reduce relapse rates [60], but the side effects of 
long- term corticosteroid use limit its wide-
spread adoption as first-line therapy. Several 
steroid-sparing agents have been investigated 
and used for NMOSD. Azathioprine, which 
inhibits de novo purine synthesis and prevents 
T-cell and B-cell proliferation, has been used 
to treat NMOSD for decades [61]. It has been 
shown to decrease annualized relapse rates in 
NMOSD patients when used alone or in con-
junction with oral corticosteroids [62]. Because 
of the delayed onset of action of azathioprine, 
a typical approach is to treat with a target dose 
of 2–3  mg/kg/day in conjunction with oral 
prednisone, and to taper the prednisone over 
several months. Mycophenolate, an inhibitor 
of de novo guanosine synthesis, which pre-
vents T-cell and B-cell proliferation, also has 
also been shown in a retrospective series to 
reduce relapse rates and reduce or stabilize dis-
ability in NMOSD [63]. Target doses for myco-
phenolate are 1000 mg twice daily. Like with 
azathioprine, there is a delayed onset of action 
with mycophenolate and a prolonged oral cor-
ticosteroid taper may be warranted. Long-term 
immunosuppression with azathioprine or 
mycophenolate has been associated with 
increased risk of infection, myelosuppression, 
and secondary malignancy. Small studies have 
shown benefits in NMOSD with the use of 
methotrexate [64] and mitoxantrone [65, 66], 
but the significant side effects of these drugs 
and the availability of other immunotherapeu-
tic options have limited their use.

The understanding of the antibody-mediated 
pathogenesis of NMOSD has led to the use of 
rituximab, an anti-CD20 monoclonal antibody that 
depletes peripheral B-cell populations. Rituximab, 
dosed either as four weekly 375 mg/m2 infusions 
or as 1000 mg biweekly infusions, reduces relapse 
rates in NMOSD [67, 68]. Disability scores in 
patients with NMOSD treated with rituximab also 

either stabilize or decrease over the course of treat-
ment, up to 2 years [69, 70]. A typical approach is 
to dose rituximab every 6 months, or alternatively 
to monitor circulating B-cells, and re-dose based 
on repopulation of CD19+ B-cells or CD27+ 
memory B-cells. Rituximab is generally well tol-
erated, with the most common side effect being 
allergy or infusion reaction, which can generally 
be avoided with pre-treatment with corticoste-
roids, diphenhydramine, and/or acetaminophen. 
Infections, including severe infections, are more 
common in patients treated with rituximab. And 
although cases of progressive multifocal leukoen-
cephalopathy (PML) have been reported in 
patients being treated with rituximab for other 
autoimmune conditions (risk estimated 1:25,000) 
[56], to date, there have been no reports of PML in 
patients treated with rituximab monotherapy for 
NMOSD or MS.

In 2019, the results of clinical trials of three 
different monoclonal antibodies were presented, 
showing a reduction in relapse rates in NMOSD 
subjects. Eculizumab is a humanized monoclonal 
antibody which inhibits the terminal complement 
protein C5. As an add-on therapy to existing 
immunomodulating therapy, eculizumab reduced 
the likelihood of relapse in AQP4-IgG positive 
NMOSD subjects. Only 3% of subjects in the 
eculizumab group experienced an adjudicated 
relapse compared to 43% of placebo treated sub-
jects [71]. Based on these results, eculizumab 
became the first drug approved by the US Food 
and Drug Administration for the treatment of 
AQP4-IgG positive NMOSD patients in June 
2019. Inebilizumab, a monoclonal antibody tar-
geting the B-cell marker CD19, reduced relapse 
rates by 73% in NMOSD subjects, the majority 
of whom were AQP4-IgG positive [72]. And 
satralizumab, an anti-IL-6 receptor monoclonal 
antibody, reduced relapse rates by 62% in a group 
of AQP4-IgG positive and negative subjects with 
NMOSD, although the treatment benefit was less 
evident in the antibody negative subjects [73]. 
The success of these three monoclonal antibodies 
in reducing relapse rates in NMOSD represents a 
breakthrough in the treatment of this disease and 
reinforces the importance of immunotherapy in 
NMOSD.
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The optimal duration of immunotherapy 
treatment for NMOSD is not well studied. In 
part, this is because of the relatively recent rec-
ognition of the disease as a specific entity and 
the lack of a known cure. In this way, NMOSD is 
like MS, and most immunotherapy is continued 
for the long term depending on tolerability and 
the development of adverse effects. The decision 
to stop immunotherapy for NMOSD should be 
based on consideration of multiple factors 
including pre- and post-treatment relapse rates, 
relapse severity, disability, treatment tolerability, 
treatment duration, and other patient-specific 
factors (e.g., age, other comorbidities, consider-
ations for potential pregnancy).

 Conclusion

Over the past two decades, neuromyelitis 
optica spectrum disorder has come to be under-
stood as a unique disease entity distinct from 
multiple sclerosis. The unique pathology, 
pathophysiology, imaging, epidemiology, and 
responses to treatment set the disease apart. 
But NMOSD also has significant phenotypic 
heterogeneity, and new information, such as 
additional pathogenic autoantibodies, is com-
ing to light each year.
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