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ABSTRACT 
 

Neuromyelitis Optica, also known as Devic's disease, is a central nervous system (CNS) 
autoimmune inflammatory disease that primarily affects the optic nerve and spinal cord. The 
mechanism of the disease is given by the generation of IgG antibodies, whose major target is the 
aquaporin channel 4 (AQP4), causing an inflammatory and demyelinating process in the 
aforementioned tissues. In this study, we discussed extensively this disease entity by describing 
the epidemiology, pathogenesis, clinical features, management, and prognosis. 
 

 

Keywords: Neuromyelitis optica; devic’s disease; igg autoantibodies to aquaporin 4; neuromyelitis 
optica spectrum disorder. 
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1. INTRODUCTION  
 
“Neuromyelitis Optica (NMO), also known as 
Devic's disease, is an autoimmune inflammatory 
disorder of the central nervous system (CNS), 
characterized by recurrent debilitating episodes 
of optic neuritis (ON) and/or transverse myelitis 
(TM)” [1]. “The more encompassing term 
Neuromyelitis Optica Spectrum Disorders 
(NMOSD), proposed in the international 
consensus diagnostic criteria in 2015, 
incorporates cerebral syndromes (such as area 
postrema and brainstem syndromes) whether 
associated or not with relapsing episodes of ON 
(often severe and simultaneous bilateral) or 
acute transverse myelitis (mostly longitudinally 
extensive transverse myelitis (LETM), >3 
vertebral segments)” [2-5]. 
 
“NMO is caused by pathogenic IgG 
autoantibodies to aquaporin 4 (AQP4-IgG), the 
most abundant water channel protein in the 
central nervous system (CNS) in more than 80% 
of cases. About 10–40% of those lacking AQP4-
IgG have IgG autoantibodies to myelin 
oligodendrocyte glycoprotein (MOG-IgG)” [6]. 
“However, MOG-IgG is also present in a subset 
of patients (mostly children) with acute 
disseminated encephalomyelitis (ADEM)” [7]. 
“NMO has also been described in patients with 
sarcoidosis, connective tissue diseases, and 
paraneoplastic neurological disorders, although 
these cases are rare [8]. In a small subgroup of 
patients, the cause remains unknown (idiopathic 
NMO)” [8]. 
 
The aim of this study is to discuss the concepts 
of the pathogenesis of neuromyelitis optica, 
clinical presentation, diagnosis, and treatment 
options. 

 
2. PREVALENCE 
 
“The prevalence of NMOSD ranges from 0.5 to 
4/100,000, and it may be up to 10/100,000 in 
some racial groups. This prevalence is small 
compared to that of multiple sclerosis, which 
ranges from 1 to 2/100,000 in the equatorial 
region to 150 to 200/100,000 in places like 
Canada and the Northern part of Europe” [9, 10].  
 
The prevalence of NMOSD among the White 
population has consistently been ~1/100,000. 
Studies were done in Australia and New Zealand 
gave a prevalence of 0.55/100,000 [11, 12],  
other studies gave the prevalence as thus: 
Catalonia (1.09/100,000), and 1.04/100,000 in 

Sweden [9,10,13,14]. “A study from South 
Denmark reported the prevalence of AQP4-
antibody-positive NMOSD as 1.68/100,000 and 
the prevalence of the total clinical phenotype, 
including AQP4-antibody-negative and MOG-
antibody-positive subsets as 4.4/100,000” [15].  
 
The prevalence of NMOSD seems to be higher in 
the Asian population, especially the east Asians 
(around 3.5/100,000) [16] “This is in line with 
genetic studies that showed that Japanese and 
Chinese share the same HLA risk genes for 
NMOSD, namely, HLA-DPB1*05:01 and HLA-
DRB1*16:02” [17]. Studies also done in the black 
population shows that the prevalence is higher 
than in the white population. A study done in 
Ibadan, Nigeria, in 1971 found a prevalence of 
0.4/1000 among the hospital population [18]. “A 
study conducted in Liverpool, UK, reported a 
prevalence rate of 1.8/100,000 among 
Blacks” [19]. 
 

3. PATHOGENESIS  
 

3.1 AQP4-IgG Related Disease  
 
“In AQP4-IgG seropositive NMOSD, the 
presence of AQP4-IgG in the blood is the critical 
pathogenic component” [20]. “AQP4 is a 
bidirectional, osmosis-driven water channel 
impervious to anions and glycerol; it is found in 
the highest quantities of perivascular and peripial 
astrocytic endfeet in direct contact with the 
endothelium's basal lamina and pia, 
respectively” [21]. “AQP4 is also found in the 
membranes of ependymal cells but not in those 
of oligodendrocytes, neurons, or choroidal 
epithelial cells” [22]. 
 
“CNS lesions in individuals positive for AQP4-IgG 
are characterized by vasculocentric IgG and IgM 
deposits, which are most prominent around the 
blood vessels (corresponding to the high AQP4 
expression at the glia limitans interna), 
complement deposits, and cellular infiltrates 
consisting of macrophages/microglia, 
neutrophils, eosinophils granulocytes, B cells, 
and a few T cells” [23]. “Complement-dependent 
cytotoxicity is produced when AQP4-IgG 
breaches the blood-brain barrier (BBB) and 
reacts with AQP4 in astrocyte feet and the 
recruitment and activation of complement. 
Furthermore, effector cells such as natural killer 
cells are activated, resulting in antibody-
dependent cytotoxicity and astrocyte 
damage” [20]. “Complement activation and 
astrocyte-derived cytokines attract inflammatory 
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cells such as eosinophils, neutrophils, and 
macrophages, causing further BBB destruction 
and increasing AQP4-IgG access into the 
CNS [20]. In addition, inflammatory cell 
degranulation and astrocyte destruction cause 
oligodendrocyte injury, resulting in rapid myelin 
sheath loss, axonal damage, and neurological 
impairments” [24]. “The interaction of AQP4-IgG 
with astrocytic AQP4 causes brain water 
movement dysfunction, glial scarring, and 
neuroexcitation” [25]. 
 
“Depending on the stage of the lesion and the 
intensity of the attack, the hallmark diagnostic 
histopathological findings include a significant 
loss of astrocytes, with either preservation or 
secondary loss of oligodendrocytes and 
neurons” [25]. “Astrocyte dysfunction and/or 
inflammatory bystander injury cause secondary 
loss of neurons and oligodendrocytes” [26].  
 
“The detection of AQP4-IgG in cerebrospinal fluid 
(CSF) is less sensitive than in serum, implying 
that a significant fraction of AQP4-IgG originates 
in peripheral lymphoid tissues” [27]. “Serum 
AQP4-IgG testing is the most efficient way of 
seropositive NMO diagnosis because AQP4-IgG 
penetration into the CNS requires a crucial 
serum/CSF gradient to achieve a pathogenic 
level” [27]. “Furthermore, before relapses, AQP4-
IgG titers have a greater positive connection with 
disease activity than during remission” [28]. 
“Differences in AQP4 expression levels (higher in 
the optic nerve, spinal cord, diencephalon, and 
area postrema than in other CNS regions), the 
proportion of supramolecular AQP4 aggregates 
between brain areas (higher in the spinal cord 
and optic nerves), and blood-brain barrier (BBB) 
permeability (higher in the circumventricular 
organs, including the area postrema) may 
explain the distribution and severity of lesions in 
patients with AQP4-IgG” [29]. “The lack of 
inflammation outside the CNS, despite high 
AQP4 expression in specific tissues and organs 
like the kidneys, the lack of inflammation outside 
the CNS has been attributed to stronger co-
expression of complement activation regulators 
(CD46, CD55, and CD59) in the periphery in the 
CNS” [30]. “Other astrocytic markers, such as 
glial fibrillary acidic protein (GFAP), are still 
detectable in some lesions, indicating that AQP4 
disappearance precedes astrocyte loss” [8]. 
“However, serum AQP4-IgG is not an accurate 
indicator of the severity of astrocytopathy” [20]. 
“Still, astrocytic damage may be more accurately 
reflected by elevated CSF levels of glial fibrillary 
acidic protein (GFAP), which is related to the 

clinical severity and primary pathologic process 
in NMO, and are more severely affected than 
demyelination-related biomarkers” [20].  
 
“The presence of plasma AQP4-IgG alone is 
inadequate to cause the BBB to be disrupted. 
Antigen presentation, synthesis of pro-and anti-
inflammatory cytokines, and immunoglobulin 
formation are all functions of B cells in 
NMO” [31]. “A B-cell subpopulation produces 
AQP4-IgG with the CD19, CD27, and CD38 
phenotype in patients with NMO, which is 
selectively enhanced in the peripheral blood 
during NMO relapse and has morphological 
characteristics comparable to plasmablasts” [32]. 
“Pathogenesis may potentially be aided by 
impaired B cell regulatory qualities caused by a 
scarcity of regulatory B cells or diminished IL-10 
production in the presence of activated 
intrathecal B cells” [33]. “Furthermore, some 
human B cell germline clones may express 
AQP4-specific B cell receptors (BCRs) that 
behave as antigens that cross-react with 
antigens from other species. CXCL13 and B-cell 
activating factor (BAFF) levels in the CSF are 
significantly higher in NMO, implying increased 
recruitment and activation of intrathecal B 
cells” [33]. 
 
“As AQP4-specific B and T cells migrate between 
lymph nodes, the initial B cell reaction may occur 
in CNS-draining or non-draining lymph 
nodes” [34]. “When antigen-presenting cells 
(APCs) such as dendritic cells (DCs) and 
macrophages in the perivascular space, choroid 
plexus, or leptomeninges stimulate autoantigen 
presentation, astrocytes may trigger T cells 
migrating into the CNS” [34].  
 
The BBB is then disrupted by the activated 
AQP4-specific T cells, allowing more AQP4-IgG 
and other immune effectors to enter tissues 
harboring astrocytes with AQP4 in their 
membranes. Even a tiny number of AQP4-
specific T cells can disrupt the BBB and recruit 
sustained levels of pathogenic effectors. Also, 
activated AQP4-specific B cells function as 
effective APCs and play an essential role in 
activating AQP4-specific T cells via BCR-
internalized AQP4 [34].  
 
According to studies, patients with NMO have 
Th17-dominant AQP4-specific T-cells, with such 
cells being substantially more prevalent in NMO 
than in MS [35]. In addition, NMO sera included 
high quantities of Th17-related cytokines such as 
interleukin-21 (IL-21), IL-23, and IL-17 in cultured 
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cells from patients with NMO [35,36]. T cell 
proliferation was found with limited production of 
Th1 cytokines [36]. Furthermore, because the 
generation of Th17-related cytokines was 
substantially more resistant to glucocorticoids in 
patients with NMO, these individuals were likely 

more resistant to glucocorticoid therapy. As a 
result, in patients with NMO, the predominant 
Th17-mediated response was positively 
connected with neurological impairment, as was 
the significant release of Th17-related 
cytokines [36]. 

 

 
 
Fig. 1. a) This schematic diagram illustrates the sites of expression of aquaporin-4 (AQP4) and 
myelin oligodendrocyte glycoprotein (MOG) within the CNS: AQP4 is expressed at the blood–

brain barrier, on the ‘‘foot-like’’ processes of astrocytes, whereas MOG is expressed by 
oligodendrocytes and on the outermost surface of myelin sheaths. b) AQP4-IgG is synthesized 

in the bloodstream by mature B-cells. On crossing the blood–brain barrier it activates 
complement-mediated astrocyte damage with relative preservation of myelin initially. The 

inflammatory response involves accrual of neutrophils and eosinophils. c) MOG-IgG is also 
produced outside of the CNS. It causes demyelination, but the mechanism is less well 

understood. Adapted from [37] 
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3.2. MOG-IgG Related Disease 
 
Found in the surface lamellae of oligodendroglial 
myelin; myelin oligodendrocyte glycoprotein 
(MOG) is more immunogenic than other CNS 
myelin proteins like proteolipid and myelin 
essential proteins [38]. “It is an intrinsic 
membrane glycoprotein with two transmembrane 
domains, two extracellular domains, and one 
cytoplasmic domain that belongs to the 
immunoglobulin superfamily” [8]. “MOG is found 
on the surface of oligodendrocytes and the 
outermost surface of myelin sheaths, but it only 
makes up a minor part of the total number of 
myelin proteins” [39,40]. 
 
“Lesions in patients with MOG-IgG are 
characterized by demyelination with dominant 
loss of MOG [41] and relative preservation of 
axons and oligodendrocytes” [41]. “Also, lesions 
are characterized by cellular infiltrates consisting 
of macrophages/microglia, T cells (with a 
preponderance of CD4+ T cells), granulocytes 
and relatively few B cells, and IgG and 
complement deposition” [8].  
 
Unlike MS, lesions in MOG-IgG patients have 
intact or even increased AQP4 and no dystrophic 
astrocytes, but hypertrophic, reactive astrocytes 
(containing occasional Creutzfeldt–Peters cells) 
and a dense GFAP-positive network [8]. 
Although there is some overlap with so-called 
pattern II MS lesions, perivascular demyelination, 
similar to that found in ADEM, appears to be a 
distinguishing feature that separates MOG-IgG 
lesions from normally confluent MS 
lesions [8,42–44]. “CNS lesions beyond the optic 
nerves and spinal cord are common in MOG-
IgG-associated disease, as they are in AQP4-
IgG-positive NMOSD, and children present with 
brain lesions more frequently than adults in both 
conditions” [8]. “Notably, cortical demyelination, 
rare in AQP4-IgG-positive NMOSD, is common 
in MOG-IgG patients with brain involvement and 
is frequently topographically related to meningeal 
inflammation” [42]. 
 

4. CLINICAL MANIFESTATIONS  
 

4.1 Optic Neuritis  
 
“Optic Neuritis (ON) is an optic nerve 
inflammation that causes vision loss and eye 
pain aggravated by eye movement” [43]. 
“Compared with MS, ON in NMO is more severe 
and more likely to present with simultaneous 
bilateral or rapidly sequential eye 

involvement” [45]. NMO-related ON is associated 
with cloudy vision and a decrease in high-
contrast visual acuity (VA) as measured by a 
Snellen chart [46,47]. In some cases, only low-
contrast VA or color vision (resulting in color 
desaturation) is affected [46,47], in patients with 
AQP4-IgG and those with MOG-IgG [48]. 
  
“Visual loss can be mild during acute ON, but it 
can develop to complete functional blindness 
(defined by VA 0.1) in one or both eyes” [46]. 
“Ocular pain and/or pain in eye movement are 
frequently preceded by the onset of ON, 
significantly if the retrobulbar portion of the optic 
nerve is affected” [46]. “Simultaneous ON in both 
eyes occurs more regularly in NMO patients than 
in MS patients and possibly more frequently in 
MOG-IgG patients than in AQP4-IgG 
patients” [47]. 
 
“MRI during an acute episode may demonstrate 
a more significant signal on fat-suppressed T2-
weighted sequences or T1 gadolinium 
enhancement in the optic nerve or optic 
chiasm” [2, 45]. “The lesions are frequently 
lengthy, spanning more than half the distance 
between the orbit and the optic chiasm, and they 
impact the chiasm's posterior aspect” [2, 45]. 
“Eighty-four percent of patients with acute ON 
had increased signal intensity on the optic 
nerve's T2-weighted short-tau inversion recovery 
scans, and 94 percent have gadolinium 
enhancement on T1-weighted spin-echo 
sequences” [49].  
 

4.2 Transverse Myelitis  
 
The term "transverse myelitis" (TM) refers to a 
group of inflammatory disorders characterized by 
bilateral sensorimotor and autonomic spinal cord 
dysfunction, spinal cord inflammation as 
determined by cerebrospinal fluid (CSF) analysis 
or magnetic resonance imaging (MRI), and the 
exclusion of compressive, post-radiation, and 
vascular causes [50–52]. The majority of the 
lesion resides in the central gray matter, and 
acute lesions cover most of the cross-sectional 
area with associated swelling and gadolinium 
enhancement [45,53,54]. 
 
Symptoms usually start in the feet and progress 
to a sensory level on the trunk and are commonly 
preceded by discomfort at the lesion site. TM can 
also result in an overactive bladder and urine 
retention (which typically necessitates 
catheterization) and a decreased quality of life, 
and the need for lifestyle changes [55]. The 
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Lhermitte sign (a brief electric shock or 
paraesthesia-like sensation running down the 
spine and occasionally the limbs, precipitated by 
neck flexion and caused by stretching of 
demyelinated fibers in the spinothalamic 
columns) is not unique to MS patients, but it can 
occur in patients with AQP4-IgG-positive or 
MOG-IgG-positive TM [46,47,56,57]. 
 

4.3 Brain Syndromes 
 
“Cerebral symptoms are more common in 
children than adults in AQP4-IgG-positive 
NMOSD” 58. “The ADEM-like disease is a 
frequent manifestation in young children with 
MOG-IgG, characterized by encephalopathy 
(impaired consciousness, altered behavior, 
seizures) and polyfocal neurological symptoms 
associated with inflammatory brain lesions” [8]. 
 
“Symptomatic brain involvement is more 
common than previously thought and may occur 
both in patients with MOG-IgG and in those with 
AQP4-IgG [8]. The brainstem is commonly 
affected in both AQP4-IgG-positive and MOG-
IgG-positive disease, and spinal cord lesions 
often extend into the medulla oblongata” [8]. 
  
Intractable hiccups, nausea, and vomiting are 
some of the most common brain symptoms, and 
they are caused by lesions affecting the area 
postrema in the medulla [59]. In certain NMOSD 
patients, these symptoms may precede acute 
aggravation or relapses of myelitis; hence 
patients with these symptoms should be 
examined for medullary lesions [60]. Some 
patients may have lesions in the brainstem that 
are not in the region postrema; these lesions 
could be in any portion of the brainstem, 
including the cerebral peduncles, cerebellar 
peduncles, and the medulla [61]. Those lesions 
in the brainstem are most likely 
asymmetrical [61]. Hemiplegia, vertigo, 
dysphagia, respiratory disturbances, and other 
symptoms induced by brainstem lesions differ 
depending on where the lesion is located [61]. 
 
“In a rare number of anti-AQP4-Ab-seropositive 
patients with NMOSD, diencephalic lesions 
(particularly those in the hypothalamus) can 
arise” 17. “These lesions may occur in the areas 
surrounding the basilar cistern or the third 
ventricle. Diencephalic lesions are more likely to 
occur on both sides of the brain” [61]. “The 
syndrome of inappropriate antidiuretic hormone 
secretion, narcolepsy, irregular menstruation, 

hyperprolactinemia, hypothyroidism, secondary 
amenorrhoea, galactorrhoea, hypothermia, 
hypotension, obesity, and behavioral 
abnormalities are all possible symptoms” [62]. 
 

4.4 Others 
 
Pain and dysesthesia (abnormal unpleasant 
sensation) are common and can be a 
considerable burden [8]. In NMO, painful tonic 
spasms typically accompany or follow myelitis, 
which can be confused for spasticity [63,64]. 
 
Myositis, internal otitis, gastritis, and vitamin B12 
insufficiency have all been mentioned as 
probable extra-CNS consequences of AQP4-
IgG-related autoimmunity due to AQP4 
expression outside the CNS [65–67]. “AQP4-IgG-
positive NMOSD is also frequently linked to other 
autoimmune diseases, including CTDs like SLE, 
Sjögren syndrome, antiphospholipid syndrome, 
rheumatoid arthritis, myasthenia gravis, coeliac 
disease, and in rare cases, other CNS 
autoimmune disorders such as N-methyl-d-
aspartate receptor encephalitis” [68–70]. The 
presence of such comorbidities can modify a 
patient's clinical presentation and should be 
taken into account while making treatment 
recommendations [8]. 
 

5. DIAGNOSTIC CRITERIA  
 
The International Panel for NMO Diagnosis 
(IPND) developed a set of diagnostic criteria in 
2015 that defines the unifying term NMOSDs, 
divided into the seropositive and seronegative 
diseases by serologic testing [2]. The updated 
criteria describe six "core clinical characteristics" 
that recognize clinical signs of the disease 
beyond optic nerve and spinal cord 
damage           [2]. 
 

6. INVESTIGATIONS 
 
These include serologic testing for AQP4-IgG, 
neuroimaging of the brain and spine, CSF 
analysis, and ophthalmologic evaluation. 
 

6.1 Serologic Testing for AQP4-IgG  

 
Although specific test features vary depending  
on the assay utilized, serum AQP4-IgG testing 
has moderate sensitivity and high specificity for 
the disease [71]. The initial indirect immuno- 
fluorescence
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Table 1. Diagnostic criteria for Neuromyelitis Optica Spectrum Disorder (NMOSD) 
 

Core clinical characteristics  

1. Optic neuritis. 
2. Acute myelitis. 
3. Area postrema syndrome: an episode of otherwise unexplained hiccups or nausea and 

vomiting. 
4. Acute brainstem syndrome. 
5. Symptomatic narcolepsy or acute diencephalic clinical syndromes with NMOSD-typical 

diencephalic MRI lesions. 
6. Symptomatic cerebral syndrome with NMOSD-typical brain lesions. 

 

Diagnostic criteria for NMOSD with AQP4-IgG 

1. At least 1 core clinical characteristic.  
2. Positive test for AQP4-IgG using best available detection method (cell-based assay strongly 

recommended). 
3. Exclusion of alternative diagnoses. 

 

Additional MRI requirements for NMOSD without AQP4-IgG and NMOSD with unknown 
AQP4-IgG status 

1. Acute optic neuritis: requires brain MRI showing (a) normal findings or only nonspecific 
white matter lesions, OR (b) optic nerve MRI with T2-hyperintense lesion or T1-weighted 
gadolinium-enhancing lesion extending over >½ optic nerve length or involving optic 
chiasm. 

2. Acute myelitis: requires associated intramedullary MRI lesion extending over >_ 3 
contiguous segments (LETM) OR >_ 3 contiguous segments of focal spinal cord atrophy in 
patients with a history compatible with acute myelitis.  

3. Area postrema syndrome: requires associated dorsal medulla/area postrema lesions  
Acute brainstem syndrome: requires associated periependymal brainstem lesions. 

Adapted from Wingerchuk DM, Banwell B, Bennett JL, et al. International consensus diagnostic criteria for 
neuromyelitis optica spectrum disorders [2] 

 
assay has a reported sensitivity of 58% -75% 
and specificity of 85% - 99%, but cell-based 
assays offer both higher sensitivity (74%–83%) 
and specificity (100%) [4,72–74]. Because a 
small percentage of seronegative individuals are 
later discovered to be AQP4-IgG positive, it is 
advised that they be retested at the time of 
recurrent attacks [71]. “According to the 
international recommendation, MOG-IgG testing 
should be considered primarily in patients with 
monophasic or relapsing acute ON, TM, 
brainstem encephalitis, encephalitis, or any 
combination thereof, and radiological findings 
that are compatible with CNS demyelination in 
whom at least one of the clinical or paraclinical 
features listed in diagnostic criteria are 
present” [8]. 
 

6.2 Neuroimaging  
 

“Neuroimaging is an essential aspect of the 
diagnostic evaluation, particularly in patients with 
clinical features consistent with NMOSD who are 
AQP4-IgG negative [71]. Patients with suspected 
NMO should have MRI with and without 

gadolinium enhancement of the brain and spine 
and optic nerve MRI to identify, characterize 
lesions, and discriminate between NMO and 
MS” [71].  

 
6.2.1 The spinal cord  

 
The presence of an LETM lesion is the MRI 
feature that best distinguishes NMO from MS; 
however, shorter lesions occur in ~15% of 
patients with AQP4-IgG-positive and 44–52% of 
patients with MOG-IgG-positive myelitis at least 
once [46, 75, 76]. The extent of the spinal cord 
lesion should be assessed using both axial and 
sagittal plane images [77]. In sporadic cases, 
routine MRI does not show a distinct lesion 
despite symptoms compatible with myelitis; 
hence, in such cases, antibody testing should be 
repeated to exclude a false-positive result [77]. 
Lesions in individuals with AQP4-IgG and MOG-
IgG primarily damage grey matter (the so-called 
axial H-sign, which often lacks gadolinium 
enhancement), but lesions in MS patients 
primarily affect white matter [78]. 
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Inflammatory edema (visible as spinal cord 
extension or swelling on MRI), necrosis, and 
cavitations are all possible outcomes of AQP4-
IgG-positive NMOSD; hence, T1 hypointense 
spinal cord lesions are not uncommon [78]. MRI 
may also reveal (often longitudinally extensive) 
spinal cord atrophy or a reduced mean upper 

cervical cord area, which appears to be more 
common in AQP4-IgG patients than in MOG-IgG 
individuals [79]. Lesions of the cervical spinal 
cord frequently spread into the brainstem. Conus 
involvement is more common in MOG-IgG 
patients, although it can also happen in AQP4-
IgG-positive NMOSD and MS patients [79]. 

 

 
 
Fig. 2. (A) Sagittal T2-weighted MRI scan of cervicothoracic spinal cord showing  longitudinally 

extensive myelitis in a case of neuromyelitis optica (NMO). Note that the lesion spans six 
vertebral segments with cord expansion. (B) Axial T2-weighted MRI scan (corresponding axial 
image of (A)) showing the transverse extent of the lesion, which involves more than half of the 

cord. (C) Sagittal T2-weighted spinal MRI scan of another patient with NMO showing a 
medullary lesion in contiguity with cervical myelitis. (D) Axial T2-weighted MRI scan 

(corresponding axial image of (C)) showing the medullary lesion. White and black arrows point 
to the intrinsic lesions. Adapted from [80] 
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Fig. 3.  MRI short tau inversion recovery, axial, high-intensity edematous lesion in the right 
optic nerve (A) with contrast enhancement (B) in a patient with the first episode of optic 

neuritis and aquaporin-4 (AQP4) antibody positivity. Adapted from [82] 
 
6.2.2 The optic nerve  
 
AQP4-ON, like MS, primarily affects the posterior 
portions of the optic nerve (including the 
chiasma), whereas MOG-ON primarily affects the 
anterior portion; however, posterior lesions (or 
long lesions also involving the posterior parts, 
including the chiasm) can occur in MOG-ON on 
rare occasions [81]. Acute ON associated with a 
T2 or gadolinium-T1 lesion extending over more 
than half of the distance from the orbit to the 
chiasm is defined by the current NMOSD criteria 
as longitudinally extensive ON. Simultaneous 
bilateral ON is more common in MOG-ON than 
AQP4-ON at the outset, and it is relatively 
uncommon in MS [8]. 
 

6.2.3 The brain  
 

AQP4-NMOSD is characterized by 
periependymal lesions that can be severe and 
gadolinium-enhancing [8]. The lateral ventricles, 
as well as the third and fourth ventricles, may be 
affected. Periventricular MS lesions, on the other 
hand, are usually ovoid or perpendicular 
(Dawson's fingers) [83].  
 

White matter lesions in MS are usually                
modest and restricted, whereas AQP4-NMOSD 
patients have more extensive, confluent, 
unilateral, or bilateral subcortical or deep white 
matter lesions (sometimes with 'cloud-like' 
gadolinium enhancement) [78]. On the other 
hand, large, tumefactive lesions are uncommon 
in MS and might be challenging to spot, 
particularly in patients without AQP4-IgG        
[78]. 
 
Circumventricular organ lesions (most typically in 
the area postrema) also indicate AQP4-IgG-
positive NMOSD, but they can also occur in 
patients with MOG-IgG or MS [84–86]. Brainstem 
lesions are common in both AQP4-IgG and 
MOG-IgG patients, and they are frequently 
contiguous, especially in AQP4-IgG patients, with 
an upper cervical spinal cord lesion [8]. Both 
brain and brainstem lesions can occur bilaterally 
in AQP4-IgG-positive NMOSD, and brain lesions 
are usually longitudinally extensive, including 
corticospinal tract lesions and corpus callosum 
lesions [78,87].
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Fig. 4. Brain lesion distribution in our patients with Neuromyelitis Optica. MRI FLAIR images. 
(A) medulla involvement. (B, C) lesions in diencephalon and optic chiasm. (D, E) signal 

abnormalities in middle cerebellar peduncles, midbrain and internal capsule. (F) white matter 
abnormalities with cavitations suggesting early axonal loss. (G) lesions in the periventricular 

and subcortical cerebral white matter and corpus callosum. (H) corpus callosum, optic chiasm 
and medulla involvement. (I) corpus callosum lesions and slight signal abnormalities in 

periventricular cerebral white matter. Adapted from [88] 
 

6.3 Cerebrospinal Fluid Analysis  
 
CSF investigation is not essential for diagnosing 
NMO, but it can help confirm CNS inflammation, 
identify individuals with non-MS-related CNS 
demyelination, and rule out other significant 
illnesses [8]. Although CSF-restricted oligoclonal 
bands are a diagnostic cornerstone in MS, they 
are lacking in most NMO patients, which is 
consistent with the fact that AQP4-IgG and 
MOG-IgG are produced primarily outside the 
CNS [89–91]. Patients with NMOSD have a 
higher CSF IL-6, which is not seen in MS 

patients [92]. Pleocytosis is more common in 
NMOSD (about 35%), especially when 
neutrophils or eosinophils are present [92]. A 
CSF white cell count of more than 50 cells/µl is 
uncommon in MS and should cause physicians 
to question the diagnosis, but it is not unusual in 
patients with AQP4-IgG-associated or MOG-IgG-
associated acute myelitis, where it can reach 100 
cells/µl. Granulocytes are seen in nearly half of 
people with AQP4 and MOG illness, whereas 
they are rarely found in people with MS [93]. In 
AQP4-IgG-positive NMOSD, which is also 
characterized by elevated CSF levels of 
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eosinophil attractants, eosinophils are primarily 
absent in patients with MS (and rare in Myelin 
oligodendrocyte glycoprotein encephalomyelitis 
(MOG-EM)), but they are present in 10% of CSF 
samples in AQP4-IgG-positive NMOSD, which is 
also characterized by elevated CSF levels of 
eosinophil attractants [93]. In MS, an increased 
albumin CSF to serum ratio (QAlb), indicating 
blood-CSF barrier dysfunction, is extremely 
infrequent (less than 10%) and rarely surpasses 
12×10-3 but it is found in 50% of samples from 
patients with AQP4-IgG and MOG-IgG and 
exceeds 12×10-3 in ~25% of samples [89–91]. 
 
In individuals with AQP4-IgG and those with 
MOG-IgG, CSF white cell counts can be average 
or similar to those in MS, especially in patients 
presenting with isolated ON and in samples 
taken after remission [89–91]. Other CSF 
markers with differential diagnostic and 
prognostic potential are IL-6, GFAP (which has 
been reported to correlate with spinal cord lesion 
length and functional outcome after six months), 
and neurofilaments [94]. 
 

6.4 Opthalmologic Evaluation  
 
Patients with ON will have impaired color vision 
or "red desaturation" (red objects seem orange 
or gray when viewed through the affected 
eye) [71]. On fundus examination, they may also 
have bland optic disc enlargement and, if there is 
unilateral involvement, an afferent pupillary 
defect [71]. Although MS and AQP4-IgG-positive 
NMOSD mainly impact the retrobulbar optic 
nerve, MOG-IgG patients frequently experience 
anterior ON. As a result, the presence of 
papillitis/papilloedema raises the likelihood of a 
MOG-IgG-related disease; however, various 
other diagnoses must be evaluated [46,                
95].  
 
6.4.1 Optical Coherence Tomography (OCT) 
 
“OCT is an easily applicable, rapid, and non-
invasive technique that can measure retinal 
neuro-axonal degeneration, indicated by thinning 
of the retinal nerve fiber layer (RNFL) and the 
ganglion cell/inner plexiform layer (GCIPL)” [8]. 
In AQP4-IgG-positive NMOSD, ON attacks 
usually cause severe thinning of the RNFL and 
GCIPL that is, on average, more pronounced 
than in classical MS-associated ON [96], 
resulting in poorer visual function and impaired 
visual quality of life [97]. In contrast to MS, 
clinically unaffected eyes in AQP4-IgG-positive 
[98].  

“Although single ON attacks in MOG-IgG patients 
appears to cause less severe retinal damage 
than in AQP4-IgG-related ON patients, the 
resultant retinal thinning over the disease seems 
to be comparable in both conditions, presumably 
due to a higher frequency of ON attacks in MOG 
disease” [99, 100]. “Whether progressive retinal 
thinning occurs in non-ON eyes of patients with 
MOG-IgG requires further investigation, as does 
the diagnostic and prognostic relevance of 
microcystic alterations of the inner nuclear layer 
detected after ON in a subset of patients both in 
MOG-IgG-associated and in AQP4-IgG-
associated disease” [101]. 
 

7. MANAGEMENT  
 

7.1 Treatment of Acute Attacks  
 
Since neurological abnormalities in NMOSD 
result from the cumulative consequences of 
attacks, acute treatment is necessary. 
Intravenous Methylprednisolone (IVMP) 1g daily 
for at least 3–5 days is the first line of treatment 
for acute attacks, followed by an oral steroid 
taper [102, 103]. Treatment with IVMP within four 
days of commencement of AQP4-ON and MOG-
ON can enhance the possibility of full visual 
recovery [104]. In contrast, treatment within 
seven days after onset is linked to a higher risk 
of poor visual recovery [104].  
 
In one investigation, early initiation of high-dose 
IVMP therapy was also crucial for limiting axonal 
damage in NMO-associated ON [105]. When 
recovery is inadequate or slow, oral steroid 
tapering for 2–6 months may be beneficial and 
may help to prevent early flare-ups, especially in 
patients with MOG-IgG [102, 103]. In instances 
unresponsive to high-dose steroids, therapeutic 
plasma exchange (PEX) is indicated as part of 
acute therapy, and it should also be considered 
in episodes involving spinal cord 
demyelination [105, 106]. Immunoadsorption (IA) 
and intravenous immunoglobulin (IVIG) therapy 
are other options for patients who do not improve 
significantly with IVMP [8]. 
 

7.2 Preventive Immunosuppressive 
Therapy  

 

Long-term immunosuppression should be started 
as soon as the diagnosis of NMOSD is 
confirmed. In this case, therapy goals are to 
lower the intensity of future attacks, delay 
relapse, and minimize permanent 
impairment [107]. Several immunosuppressive 
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drugs, including rituximab, mycophenolate 
mofetil (MMF), azathioprine (AZA), and 
mitoxantrone, have enhanced outcomes in 
observational studies [102, 103, 108]. 
 
7.2.1 Rituximab  
 
Many studies have shown that rituximab (a 
CD20+ B cell-depleting monoclonal antibody) 
lowers the recurrence rate in individuals with 
NMOSD, with 60–80% of patients avoiding 
relapse if B cell depletion is maintained [109]. 
Rituximab treatment begins with either two of 1 g 
infusions spaced two weeks apart or four weekly 
375 mg/m2 body surface area administrations. 
Redosing every 6 to 9 months, when the CD19 
population exceeds 0.1 percent, or with the 
therapeutic target of 0.05 percent circulating 
peripheral memory B cells (CD271 cells in 
peripheral blood mononuclear cells) have all 
been tested maintenance therapy 
regimens [110,111]. Through complement-
mediated and cell-mediated processes, rituximab 
depletes nearly all circulating B lymphocytes 
within hours [102, 103, 108]. Following the initial 
dosage, the second dose depletes B cells that 
reach the circulation, with circulating B cells 
remaining decreased for an average of 6–9 
months [102, 103, 108]. The best outcomes are 
related to repeated infusions every six months or 
upon B cell repletion [102, 103, 108]. Reduced 
IgG levels (occurring in 20% of patients with 
NMOSD), which, if severe enough, can lead to 
an immunosuppressed condition and, in rare 
circumstances, early or delayed neutropenia, are 
among the adverse effects [112,113].  
 
Infections can occur while taking rituximab, just 
like they might with other immunosuppressants; 
hepatitis B, active tuberculosis, and other serious 
diseases must be ruled out before starting 
treatment. During pregnancy and lactation, 
rituximab is thought to be relatively safe [8]. “The 
adverse events of rituximab in the setting of 
NMOSD are similar to those observed in other 
conditions, such as rheumatoid arthritis, including 
infusion reactions and infections” [110,111]. 
 
7.2.2 Azathioprine  

 
Azathioprine is an immunosuppressive drug that 
disrupts purine metabolism [8]. “The use of 
azathioprine for NMO is supported by data from 
a case series in which 37% of treated patients 
remained relapse-free after two years of follow-
up, with stable or improved disability scores in 
just over 60% of patients treated for one year, 

despite a 38% discontinuation rate” [114]. “A 
retrospective study found that 61% of patients 
remained relapse-free after a median of 18 
months, with a reduction in median relapse rate 
from 1.5 to 0 per year; however, 46% of patients 
discontinued due to adverse events (in 62% of 
cases) and either death or continued disease 
activity (in 34% of cases)” [115].  
 
Although evidence from larger trials is required, 
two retrospective investigations and one 
controlled clinical trial have suggested that 
rituximab is superior to azathioprine. 
Azathioprine is also commonly used in those with 
MOG-IgG, and it appears to be effective when 
taken with oral steroids during the drug's latency 
period [46,116]. Due to its latency in action, 
azathioprine is frequently used in conjunction 
with oral steroids for the first 4–6 months of 
treatment [8]. 
 
7.2.3 Mycophenolate mofetil  
 
Some observational and controlled trials support 
the use of MMF to prevent NMO relapses; the 
reported reduction in relapse risk with therapy is 
70–93% compared to pretreatment estimates. 
According to a meta-analysis, MMF may have 
better overall tolerability than azathioprine and 
cyclophosphamide; however, MMF is linked 
to teratogenicity, and it takes weeks or months to 
achieve the required decrease in absolute 
lymphocyte counts, during which time patients 
are at risk of relapse. MMF is frequently used 
with low-dose prednisone to prevent recurrence 
during this vulnerable period [102, 103, 108].  
 

7.3 New Long-Term Therapies  
 
7.3.1 Tocilizumab  
 
Tocilizumab is an IL-6 receptor humanized 
monoclonal antibody [8]. Increased IL-6 levels 
have been identified in the serum and CSF of 
patients with NMOSD, notably during relapses 
suggesting that IL-6 may have a role in the 
etiology of NMOSD [107]. Plasmablasts produce 
and secrete AQP4-IgG in response to IL-6 [107]. 
Tocilizumab, given for 12 to 24 months, reduced 
clinical and MRI disease activity in NMO, 
according to several case reports and a 
prospective pilot trial [117–119]. These findings 
were verified in a retrospective study of 8 
individuals with severe relapsing illness who had 
been unresponsive to previous treatments, 
including rituximab, treated with tocilizumab for 
up to 51 months [120]. 
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7.3.2 Eculizumab  
 
“Eculizumab is a humanized therapeutic 
monoclonal antibody that inhibits the terminal 
complement cascade, preventing C5 cleavage 
and the production of the cytolytic membrane 
attack complex” [8]. “Eculizumab was found to be 
highly effective in reducing the risk of relapse in 
patients with NMOSD in a global phase III study 
(PREVENT) and was approved in June 2019 for 
the treatment of adult patients with AQP4-IgG-
positive NMOSD in the United States, and shortly 
after in the European Union and Japan” [121]. 
“Increased susceptibility to infections, particularly 
with encapsulated bacteria, and upper 
respiratory tract infections are among the side 
effects of eculizumab; in one trial, one patient 
with NMOSD had meningococcal sepsis” [122].  
 
Meningococcal vaccines are required; 
immunization must be done at least 2 weeks 
before the first dose of eculizumab unless 
delaying treatment outweighs the risk of getting a 
meningococcal infection [8].   
 
7.3.3 Satralizumab  
 
“Satralizumab is a humanized anti-IL-6 receptor 
monoclonal antibody with a longer half-life than 
tocilizumab, which is given subcutaneously” [8]. 
“In patients with AQP4-IgG-positive NMOSD and 
active disease, a phase III studies evaluated the 
efficacy and safety of satralizumab as an add-on 
(SAkuraSky) or monotherapy (SAkuraStar)                 
both showed a significant reduction in relapse 
risk” [123]. In August 2020, the FDA                
approved the medicine to treat adult patients with 
AQP4-IgG-positive NMOSD, including by self-
injection, based on the findings of these 
studies [8]. In both investigations, the number of 
patients who experienced significant adverse 
events was identical, and no allergic reactions, 
opportunistic infections, or deaths were observed 
[8]. 
 

8. CONCLUSION 
 
Despite the fact that the underlying mechanism 
of NMO has been established, with AQP4-IgG 
antibodies found in the majority of NMO patients, 
ethnic and environmental factors play a 
substantial role in the disease's clinical features 
and prognosis. Improved understanding of NMO 
pathogenesis is critical for developing diagnostic 
tools for earlier detection and developing novel 
effective treatments. NMO is currently incurable, 
and patients may suffer from devastating 

disability for the duration of their condition. 
Multiple biochemical therapies (corticosteroids, 
immunosuppressants, monoclonal antibodies, 
and plasma exchange) reduce relapse rates and, 
in certain cases, anti-AQP4 blood levels.  
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