
Optometric Education: Volume 48 Number 3 (Summer 2023)

1

PEER REVIEWED

Neuromyelitis Optica Spectrum Disorder and
MOGAD Optic Neuritis
Raman Bhakhri, OD, FAAO, Christopher J. Borgman, OD, FAAO, and Leonard V. Messner, OD, FAAO

Abstract

Optic neuritis is an inflammatory disorder of the optic nerve secondary to infectious and noninfectious
causes. In traditional thinking, 90% of optic neuritis is associated with demyelinating disease, namely
multiple sclerosis (MS). However, with recent advances in testing and technology, two atypical
conditions that result in demyelination and subsequent optic neuritis have been isolated and identified,
neuromyelitis optica spectrum disorder (NMOSD) and myelin oligodendrocyte glycoprotein antibody-
associated disease (MOGAD). Although the clinical signs and symptoms can overlap with MS, the
overall clinical course, treatment options and outcomes with NMOSD- and MOGAD-associated optic
neuritis can greatly vary. This is owing to a separate and distinct pathophysiology. We report two cases
of atypical optic neuritis associated with these conditions with diagnosis based on clinical findings and
additional testing. A comprehensive review of the conditions is also presented including pathophysiology
and treatment options.

Key Words: neuromyelitis optica, myelin oligodendrocyte glycoprotein, optic neuritis, neuroimaging,
multiple sclerosis

Introduction

Typical optic neuritis (ON) has historically been described as inflammatory demyelination, most
commonly associated with multiple sclerosis (MS).1 However, a new era of biomarkers has expanded the
identification of atypical causes of ON to include neuromyelitis optica spectrum disorder (NMOSD) and
myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD).1 Historically, there has
been significant discussion about whether MS, NMOSD and MOGAD are different entities or similar
presentations of a same-spectrum disease.1,2 However, with the identification of these new biomarkers, it
is now accepted that they are indeed separate entities.1-6 As prognosis and chronic treatment options
vary among these conditions, eyecare practitioners need to be aware of typical clinical findings and
available testing for biomarkers to help identify and differentiate these separate diseases.1,3,4 This case
report highlights two cases of atypical ON, NMOSD ON and MOGAD ON, which were ultimately
diagnosed with the aid of ancillary testing and multimodal imaging.

Case #1 Description

A 30-year-old Hispanic male presented with sudden, painful vision loss over 3 days in both eyes. He
reported mild photophobia, pain on eye movement, and that vision in his right eye was worse than in his
left eye. The patient reported he had presented to a local emergency department 2 days prior where
computed tomography of his brain was found to be normal. However, he sought a second opinion at our
clinic because his vision continued to decline. His ocular and medical history were unremarkable.
Medications included acetaminophen 500 mg as needed. He had no known allergies to medications and
his social history was unremarkable. Entering visual acuity was 20/800 in the right eye and 20/125 in the
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left eye, with no improvement with pinhole testing. Pupils were equal in size, round and responsive to
light. Swinging flashlight test revealed a right relative afferent pupillary defect (RAPD). Extraocular
muscle motility was full in both eyes, but the patient reported pain with eye movement in all gazes. Slit
lamp examination was unremarkable, and intraocular pressure (IOP) measured 12 mmHg in each eye
with Goldmann applanation tonometry. Dilated fundus exam revealed bilateral ON edema (Figure 1).
The macula and peripheral retina were unremarkable in both eyes. Threshold 30-2 visual field testing
was performed and showed overall depression in both eyes (Figure 2). Baseline spectral-domain optical
coherence tomography (OCT) of the optic nerves was obtained. A large amount of retinal nerve fiber
layer (RNFL) thickening was noted in the right eye, more so along the superior and inferior portions of
the optic nerve head. Thickening was also noted inferiorly in the left eye. Unfortunately, the data for the
superior portion of the left optic nerve was not reliable due to scanning artifact (Figure 3). Emergency
magnetic resonance imaging (MRI) revealed bilateral optic nerve enhancement consistent with bilateral
ON (Figure 4). Given the bilateral ON findings and entering visual acuities, NMOSD was suspected and
confirmed with positive aquaporin-4 immunoglobulin G (AQP4-IgG) titers.

Figure 1. Fundus images of the right (A) and left eye
(B) showing mild to moderate disc edema. The edema
is noted to be greater in the right eye. Click to enlarge

Figure 2. Humphrey visual field testing (30-2
protocol) showing severely depressed visual fields in
both eyes, with greater depression in the right eye.
This corresponds with the more severe initial
presentation of the right eye (Figure 1) and with the
larger amounts of retinal nerve fiber layer thickening
seen in Figure 3. Click to enlarge

https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-1.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-1.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-2.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-2.png
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Figure 3. Retinal nerve fiber layer (RNFL) scans of the
right and left optic nerves. Significant thickening is
present in the right eye, especially in the superior and
inferior portions of the nerve. Thickening is also noted
in the inferior portion of the left nerve with artifact (red
arrows) preventing proper imaging of the superior
portion of the nerve. The artifact corresponds to
artificial RNFL thinning superiorly (purple arrow). Click
to enlarge

Figure 4. A: Orbital axial magnetic resonance
imaging (MRI) without contrast showing posterior
optic nerve hyperintensities (yellow arrows)
suggestive of bilateral optic neuritis. B: Orbital axial
MRI with contrast and fat suppression showing
extensive bilateral enhancement of the optic nerves
(yellow arrows) confirming the diagnosis of bilateral
optic neuritis. Click to enlarge

The patient underwent intravenous methylprednisolone treatment and was prescribed chronic treatment
with mycophenolate mofetil (MMF), which resulted in a full recovery of his vision. Unfortunately, the
patient has been unable to follow-up in the clinic due to travel issues. He is currently monitored by an
outside neurologist. In a phone conversation, the patient reported that with the prescribed treatment he
had no NMOSD recurrence in approximately 3 years.

Case #2 Description

A 51-year-old African American woman presented complaining of painful, sudden vision loss in her right
eye approximately 1 week earlier. The pain was noted upon eye movement in all gazes. She stated that
her vision was improving since the initial onset of vision loss. Medical history was unremarkable with no
known allergies. Entering visual acuity was 20/20- in the right eye and 20/20 in the left. Trace RAPD was
observed in the right eye with corresponding 10% dyschromatopsia as measured by red cap
desaturation. Extraocular muscle motility was full in both eyes. Confrontation visual field test results were
normal in each eye. External ocular exam and slit lamp exam were unremarkable, and IOP measured 14
mmHg in each eye with Goldmann applanation tonometry. Dilated fundus examination revealed an
essentially normal appearance of both optic nerves with a cup to disc ratio of 0.45/0.45 in the right eye
and 0.35/0.35 in the left eye. OCT RNFL scans revealed one clock hour of borderline thinning inferior-
temporal in the right eye and one clock hour of severe thinning inferior-temporal in the left eye. Ganglion
cell complex (GCC) analysis showed generalized 360-degree thinning in the right eye with mild inferior-
temporal thinning in the left eye (Figure 5). Retrobulbar ON was suspected, and MRI of the brain with
and without contrast was performed and found to be essentially normal. Orbital imaging was not
obtained. The patient was diagnosed with idiopathic retrobulbar ON and asked to return for follow-up in 3
to 4 months.

https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-3.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-3.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-3.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-4.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-4.png
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Figure 5. Retinal nerve fiber layer scans of both optic nerves
showing one clock hour of borderline inferior-temporal thinning
in the right eye and one clock hour of severe inferior-temporal
thinning in the left eye (A). Ganglion cell complex analysis
showing generalized 360-degree thinning in the right eye with
mild inferior-temporal thinning in the left eye (B). Click to
enlarge

The patient was lost to follow-up but presented again 7 years later complaining of similar painful vision
loss, this time in the left eye, for 1 to 2 weeks. Her entering visual acuity was 20/20 OD and 20/60 OS
with a 1+ RAPD in the left eye. Entrance testing was otherwise unremarkable. Slit lamp examination was
also unremarkable. IOP measured 19 mmHg in the right eye and 18 mmHg in the left eye. Dilated
fundus examination revealed generalized optic disc pallor in the right eye. The pallor corresponded to
the patient’s history of ON. Examination of the left eye revealed an edematous and hyperemic optic
nerve. Cup to disc ratios were stable compared with previous exams. OCT raster scans showed a flat
optic nerve in the right eye and nasal elevation and edema of the left optic nerve (Figure 6). Optic nerve
head OCT of the right eye showed advanced, generalized thinning of both the GCC and RNFL (Figure
7). This correlated with the patient’s history of ON and her optic nerve presentation (pallor). Optic nerve
head OCT scanning of the left eye revealed significant RNFL thickening combined with an inferior-
temporal zone of GCC thinning (Figure 7). A recurrence of ON was suspected and repeat MRI of the
brain and orbits was performed with and without contrast. The results were essentially normal with
patchy, longitudinal enhancement of the left intraorbital segment of the optic nerve (Figure 8). AQP4-IgG
and myelin oligodendrocyte glycoprotein (MOG) antibody testing was performed and showed positive
anti-MOG titers. A diagnosis of MOGAD ON was established and the patient was treated with pulsed
intravenous methylprednisolone followed by an oral prednisone taper. Follow-up visits showed rapid
improvement of vision to 20/25 in the left eye in the presence of resultant disc pallor. No RAPD was
noted. Repeat OCT showed stable findings of advanced and generalized thinning of both the GCC and
RNFL in the right eye. OCT of the left eye showed advanced and generalized thinning of both the GCC
and RNFL, which corresponded to the new disc pallor (Figure 9). In the next 2 years, the patient
experienced several episodes of ON involving both the right and left eye. With each relapse, she
reported rapid vision improvement following treatment with intravenous steroids. She was subsequently
placed on maintenance therapy with oral MMF and her condition has remained stable with no further
recurrences.

https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-5.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-5.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-5.png
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Figure 6. Horizontal raster scans taken through the
center point of both optic nerves. A: The right optic
disc is flat with significant cupping. B: The left optic
disc scan shows moderate elevation and edema.
Click to enlarge

Figure 7. A: Retinal nerve fiber layer (RNFL)
analysis of both eyes. In the right eye, advanced
RNFL thinning, sparing the nasal portion of the
nerve, is seen. Compared with the previous scans
(Figure 5), progression is illustrated by a lower
average thickness and deeper and larger amounts of
thinning on the deviation map. Analysis of the left
eye shows acute RNFL thickening, greater superiorly
than inferiorly, which was not noted in the previous
scans (Figure 5). B: Ganglion cell analysis of both
eyes. Advanced ganglion cell complex (GCC)
thinning is present in the right eye. This corresponds
with the patient’s previous bout of optic neuritis.
Compared with previous scans (Figure 5),
progressive GCC thinning is illustrated in the right
eye by a lower average GCC thickness. Inferior-
temporal GCC thinning is noted in the left eye. The
scan is relatively stable when compared with the
previous scan (Figure 5).
Click to enlarge

Figure 8. A: T1-weighted coronal magnetic
resonance imaging (MRI) with gadolinium showing
mild enhancement of the left optic nerve (yellow
arrow). B: T1-weighted axial MRI showing mild
longitudinal enhancement of the left optic nerve
(blue arrow). Click to enlarge

Figure 9. Panomap analysis showing advanced,
bilateral thinning of the retinal nerve fiber layer and
ganglion cell complex. These findings correspond to
the bilateral disc pallor observed on fundus
examination. Click to enlarge

Education Guidelines

Key concepts

The pathophysiology of MOGAD ON and NMOSD ON1.
Clinical signs and symptoms to help differentiate between NMOSD ON, MOGAD ON and similar2.
conditions
Understanding medical treatments for both conditions3.

https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-6.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-6.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-7.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-7.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-8.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-8.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-9.png
https://journal.opted.org/wp-content/uploads/2023/06/SU23.P3.Fig-9.png
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Long-term vision implications for patients with either NMOSD ON or MOGAD ON4.

Learning objectives

Define and recognize the clinical presentation of NMOSD ON and MOGAD ON, including signs1.
and symptoms
Know the importance of signs and symptoms and results of additional testing in determining a2.
correct diagnosis
Understand the pharmacologic treatments used for each condition3.

Discussion questions

Knowledge, understanding and facts related to the case and condition1.

Describe the typical appearance and presentation of NMOSD ONa.
Describe the typical appearance and presentation of MOGAD ONb.
Explain the pathogenesis of each condition. How are they similar? How do they differ?c.

Differential diagnosis2.

What other condition(s) should be considered as differential diagnoses for NMOSD ON anda.
MOGAD ON?
How can a clinician differentiate between these similar conditions based on presentationb.
(history, signs, symptoms)?

Patient management and role of the optometrist3.

What additional testing should be ordered for MOGAD ON and NMOSD ON?a.
What are the similarities and differences of test results for the respective conditions?b.

Critical-thinking concepts4.

When should a patient start pharmacological treatment for either condition?a.
What medications are indicated initially for each condition? Why?b.
What type of treatment outcomes can be expected for NMOSD and MOGAD?c.

Assessment of learning objectives

As MOGAD ON and NMOSD ON are fairly novel and advanced topics, these teaching case reports are
best-suited for third- and fourth-year students and residents who have already been taught the
foundational knowledge associated with ON, specifically MS-related ON. Formal assessment could be
conducted in a variety of ways, such as:

The case reports could be used as a part of a journal club at a student’s school, optometric
rotation site or residency site. The students and/or residents could work in small groups or
independently to answer the discussion questions. Open dialogue of the discussion questions
would be encouraged so that the students and residents can learn from each other and from any
mistakes made during the process. Follow-up meetings to discuss other specific literature cited in
these case reports could also be scheduled.
The cases could be presented to third- or fourth-year optometry students in a classroom setting.
The case details could be presented to students who would then be responsible for arriving at a
final diagnosis and proper management plan based on the given findings and test results.
Comprehension and knowledge could be assessed through open-ended questioning to the class
or through formal testing with multiple-choice questions.
The case descriptions along with the results of any additional testing could be presented online to
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third- or fourth-year optometry students. Students could then be tested with multiple-choice
questions on concepts involving pathophysiology, signs and symptoms, differential diagnosis, test
interpretation, and treatment and management. Students would be required to answer a question
correctly before moving on to the next question. Feedback and further elaboration on tested
concepts could be provided if the question is answered correctly or incorrectly. This would allow
students to learn from their potential mistakes and/or strengthen their existing knowledge base.

Discussion

While MS has been associated with ON in 57-80% of cases, clinicians must keep in mind that other
etiologies exist. Studies have shown that idiopathic (14-29%), MOGAD (5-12%) and NMOSD (3-5%) ON
can also occur.7-9 Clinical presentations of ON secondary to MS, NMOSD and MOGAD can be difficult to
distinguish based on clinical findings and presentation alone.1,3,10 Typical MS ON presents as a
demyelinating autoimmune condition at approximately 30 years of age. As the condition is autoimmune
in origin, women are more likely to be affected. Patients usually present with unilateral visual acuity and
visual field loss, a corresponding RAPD, dyschromatopsia and pain upon eye movement.1 The amount of
visual acuity loss varies but has been found to be better than 20/200 in more than 50% of patients.1

Examination of the posterior segment can reveal disc swelling, or as seen in a majority of cases, the
inflammation can be retrobulbar.11 Neuroimaging with MRI produces abnormal results with the presence
of periventricular white matter lesions. In terms of treatment, in the Optic Neuritis Treatment Trial (ONTT)
intravenous methylprednisolone led to faster vision recovery but had no real effect on the final visual
outcome. ONTT also established that intravenous methylprednisolone treatment should be followed by
oral prednisone as this led to lower rates of MS within the first 2 years of the ON attack.12

As not every presentation follows these norms or responds to the above treatment guidelines, cases
outside these parameters should be considered atypical and etiologies such as NMOSD ON and
MOGAD ON should be considered. Quick and accurate identification of underlying associated disorders
in atypical acute ON episodes is important to prevent permanent vision loss.13 The risk of permanent
vision loss ? 20/200 is approximately 3% for MS ON, 6-14% for MOGAD ON and > 33% for NMOSD ON.
This underscores the importance of identifying non-MS causes of ON in a timely manner.1,10,14

NMOSD and MOGAD pathophysiology

The pathophysiology of NMOSD has been shown to be an autoimmune attack on AQP4 water channels
in astrocyte foot processes (AQP4 immunoglobulin) in the central nervous system.1 The specific antibody
that targets the AQP4 water channel on astrocytes is therefore referred to “AQP4-IgG” or “NMO-IgG.”1,2,15

This leads to complement activation and ultimately to secondary cytotoxic demyelination.1 Areas of the
brain that are rich in AQP4 channels include the optic chiasm, spinal cord and the area postrema in the
dorsal medulla. Thus, these areas are most commonly involved with NMOSD-associated disease.1

Discussion of the clinical phenotypes of NMOSD other than ON are beyond the scope of this paper but
include transverse myelitis, area postrema syndrome (resultant nausea and vomiting), acute brainstem
syndrome, narcolepsy and cerebral syndrome.1

The pathophysiology of MOGAD has also been shown to be an autoimmune attack; however, the
pathophysiology differs when compared with NMOSD. MOG is a transmembrane protein expressed on
myelin sheaths (MOG immunoglobulin) in the central nervous system.1,6,14 Antibodies targeting them lead
to primary demyelination in the central nervous system, but notably spare astrocytes, unlike NMOSD.1,6,14

The clinical phenotype is also diverse when compared with NMOSD phenotype, but similarities exist as
both conditions can present with ON and transverse myelitis. Interestingly, MOG-IgG is positive in
approximately one-third of seronegative NMO patients notably in the setting of transverse myelitis.1,6,14

However, the diseases rarely co-exist due to their different mechanisms. Other signs seen with MOGAD
include acute demyelinating encephalomyelitis and brainstem encephalitis.
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Clinical presentation of NMOSD ON and MOGAD ON and comparisons to MS ON

Although NMOSD ON, MOGAD ON and MS ON all lead to demyelination, clinicians can use clinical
presentation, neuroimaging and laboratory studies to help differentiate them. MOGAD ON has an equal
prevalence among males and females with most patients initially presenting in their 30s.1,16 In contrast,
NMOSD ON patients are much more likely to be female and to present in their 40s while MS ON patients
are more likely to be females in their 30s.1 Clinicians should note that MOGAD ON can be present in
childhood, which is rare with NMOSD.1,17 All three conditions may present with eye pain upon movement
(of the involved eye), but pain is seen more frequently with MOGAD ON. Other characteristics include
bilateral presentation (although MOGAD ON can be unilateral at times), severe vision loss, and
recurrences for NMOSD ON and MOGAD ON.1 In contrast, MS ON presents unilaterally, thus it presents
with a corresponding RAPD. It also has a possible relapsing course with the amount of vision loss at
nadir having been found to be less severe when compared with NMOSD ON and MOGAD ON.1

Examination of the optic nerve reveals edema, which tends to be more severe in MOGAD ON than in
NMOSD ON.1,17,18 MS ON is distinct in this sense as it tends to present as retrobulbar in a majority of
cases. Therefore, no edema is visibile.11 In terms of outcomes, MOGAD ON patients tend to recover
rapidly when intravenous steroids are initiated, which is not seen with NMOSD ON. As the recovery is
rapid, MOGAD ON patients also tend to have better visual outcomes. Studies have indicated that only
6-10% of patients with MOGAD ON have final visual acuities worse than 20/200 compared to a third of
NMOSD ON patients.1,16,19 Table 1 summarizes the similarities and differences between MOGAD ON,
NMOSD ON and MS ON.

Neuroimaging

MRI findings between the conditions can be similar but with key differences. Enhancement of the ON
with longer segments of involvement is seen with MOGAD ON and NMOSD ON, while MS ON tends to
show shorter segments of involvement. MOGAD ON also shows enhancement of the perineural tissue of
the optic nerve, which can also extend into the orbit. In contrast, NMOSD ON shows enhancement of the
optic nerve extending to the optic chiasm and optic pathways.1 Thalamic and pontine lesions are more
common in MOGAD ON than in NMOSD ON. MS-related brain neuroimaging is abnormal with the
presence of periventricular white matter lesions not seen with either of the other two conditions.
Cerebrospinal fluid analysis frequently shows oligoclonal bands that are rarely associated with the other
two conditions.11

Laboratory testing

Serum samples are preferred over cerebrospinal fluid testing and should include AQP4-IgG cell assays
as well as MOGAD IgG. The AQP4-IgG antibody has 75% sensitivity and > 99% specificity for
NMOSD.1,15 In both cases presented, AQP4-IgG antibody and MOGAD IgG tests were ordered. The
AQP4-IgG results were positive for the first patient, confirming NMOSD ON. MOGAD ON was confirmed
for the second patient based on her positive MOGAD IgG titer.

Testing is more sensitive prior to initiation of treatment, and repeat testing can be considered a few
months after an initial negative test if clinical signs and symptoms are strong for either condition. As ON
can have many causes other than demyelinating conditions, clinicians should also be thorough in testing
for infectious and inflammatory disease, such as syphilis and sarcoidosis.

Treatment and outcomes/prognosis 

With phenotypic overlap, namely ON, it can be difficult to distinguish between NMOSD ON and MOGAD
ON. Therefore, clinicians should be cognizant of the underlying etiology and results of ancillary testing.
This can help guide decision-making toward the ideal treatment options and best possible outcomes.
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MOGAD ON

Although standard treatment criteria and guidelines have not been created, general guidelines can be
followed. The treatment of MOGAD ON can be grouped into acute and chronic options with overlap
between the two. For acute bouts, and because 50% of MOGAD ON is monophasic, standard treatment
is a 3- to 5-day course of intravenous high-dose steroid therapy, usually methylprednisolone.20 MOGAD
ON responds more positively to steroids than MS ON and NMOSD ON do; however, high doses are
indicated as lower doses have been associated with relapse.21 In one study, 95% of patients who were
given at least 20 mg of prednisone for 6 months after the initial event had no repeat attacks for more
than a year.21 After the initial high dose of intravenous steroids, oral prednisone can be initiated and then
tapered for 1 to 3 months.1 Plasma exchange and intravenous immunoglobins are also options but
should be reserved for cases of severe vision loss (< 20/100) or when recovery is not seen with initial
intravenous steroid treatment.

As recovery occurs rapidly with positive vision outcomes with steroid treatment, long-term or chronic
therapy is less likely to be needed. Clinicians should note, however, that even in the absence of
corticosteroid treatment, many patients recover normal or near-normal visual acuity.22 Long-term
maintenance therapy for single-event MOGAD ON is not indicated as 50% of these individuals remain
monophasic. However, cases can be relapsing despite steroid treatment, and immunotherapy can be
initiated to prevent long-term visual disability. Immunomodulators can also be used if the initial attack
leads to residual deficits or if MOGAD-IgG titer is still positive 6 months after the initial attack, which have
been associated with higher rates of relapse.16 Immunosuppressants that can be considered include
rituximab, azathioprine (AZA) and MMF. This treatment paradigm was evident in our case #2. Although
the patient initially responded well to steroid treatment, recurrences were noted necessitating chronic
immunotherapy with MMF. Clinicians can also combine treatments to prevent further relapse as studies
have shown that patients using oral steroids for an extended period in conjunction with
immunosuppressive drugs were less likely to have a recurrent attack than patients taking only
immunomodulators.19,21 Caution should be taken when prescribing rituximab because relapses have
occurred after the first rituximab infusion in approximately 30% of patients.23 Promising results with
newer monoclonal antibody treatments such as tocilizumab are emerging, but more research is required
at this time.24,25 It must be remembered that these are off-label uses of these medications, and further
clinical trials are necessary to confirm their therapeutic value.

NMOSD ON

Treatment for NMOSD ON can be similar to treatment for MOGAD; however, outcomes can be
drastically different. As mentioned previously, despite treatment, NMOSD ON patients tend to have
worse vision outcomes. Again, the treatment can be divided into acute and chronic categories with
overlap between the two in certain situations. Treatment is further divided into classic or new treatment
due to the introduction of novel medications. Although a multitude of treatment options exist, there are no
clinically established guidelines, and treatment patterns vary from clinician to clinician.

Classic options for initial treatment of acute NMOSD ON include intravenous methylprednisolone, which
is transitioned to a slow taper with oral steroids. Complete vision recovery is possible and is more likely
when steroids are started promptly, underscoring the need for immediate treatment.20,26,27 Next, evidence
exists for the benefit of plasma exchange, especially if a patient’s vision does not respond to initial
steroid treatment. Similar to steroid treatment, plasma exchange should occur promptly as better
outcomes have been noted when compared with delayed treatment.28 Plasma exchange can also be
combined with steroid treatment, which can lead to better outcomes than with intravenous steroids
alone.26 Next, although rarely given, due to limited data sets, immunoglobin therapy can also be
considered.29,30 Newer options for acute disease are becoming widely available and include monoclonal
antibody medications such as intravenous bevacizumab and ublituximab in conjunction with traditional
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intravenous steroid treatment. Although these medications show promise, data is limited at this time.31,32

Long-term or chronic therapy is prudent for patients with NMOSD as relapses are common and can lead
to further disability. Again, with recent advances, therapy can now be classified as classic or new.33

Classic therapy for chronic NMOSD consists of immunosuppressive agents such as AZA, MMF,
rituximab and tocilizumab. Numerous studies have shown AZA and MMF to be effective in terms of
preventing relapses.18,33-36 When comparing the two drugs, MMF proved to be superior in terms of
efficacy in preventing annual relapses and in terms of side effects.37 The effects of this treatment
approach were noted in our case #1. The patient was initially started on systemic steroids as was
warranted. He was then transitioned to chronic treatment with MMF with no recurrence to date.
Unfortunately, these medications usually take 4 to 6 months to exert their clinical effect and therefore
must be given in conjunction with oral steroids.33

Ritixumab is another option for clinicians. It has been shown to be more effective than AZA or MMF in
terms of relapse severity and relapse prevention.33,38-40 Although the number of randomized controlled
studies is limited, one multicenter randomized double-blind placebo-controlled study by Tahara et al.
revealed that 7 of 9 patients treated with placebo relapsed vs. none treated with rituximab.40 It can also
be considered when there are contraindications to MMF and AZA. The monoclonal antibody tocilizumab
can also be considered. It has been shown to be effective in stabilizing relapses when compared with the
previously mentioned treatment options and can be used as an alternative for patients who do not
respond appropriately to ritixumab.33,41,42

With advancements in the understanding of the pathophysiology of NMOSD, three newer monoclonal
antibody treatments have been approved by the FDA: eclulizamab, inebilizumab and satralizumab.33

Each offers a distinctive mechanism of action in terms of preventing NMOSD relapses.

Eculizumab targets the terminal complement system to decrease inflammation.43 Although previous
studies showed eculizumab to be beneficial,44 the seminal study was the PREVENT trial, which
assessed the efficacy and safety of eculizumab as add-on or monotherapy compared with placebo.
Results showed a 94% reduction in relapse risk in patients with NMOSD.44 Inebilizumab decreases
NMOSD relapses by depleting CD19-positive B-cells.18,45 The largest study in NMOSD to date was the N-
MOmentum trial, which showed a 73% relative risk reduction in number of relapses with inebilizumab vs.
placebo. A more robust response was noted in patients who were positive for the AQP4 antibody.45

Satralizumab targets the interleukin 6 (IL-6) receptor.17 The cytokine IL-6 is thought to be a key driver of
inflammation in NMOSD. The phase 3 SAkuraSky study showed a 62% reduction in relapse risk when
satralizumab was added to immunosuppressive treatment.46

Although many treatments exist for NMOSD, most are based on small and retrospective studies. New
treatment options show promise; however, long-term data on them is not available. Ultimately, large
multicenter studies for a longer period of time are needed to establish clinical guidelines.

Conclusion

The historical paradigm of ON management is evolving. In our opinion, standard of care for ON should
now include testing for NMOSD and MOGAD biomarkers in all acute cases. This allows earlier
identification and potentially better outcomes in NMOSD- and MOGAD-associated ON, which have
worse vision prognoses compared with MS ON.1,10,14 Neuroimaging has previously been recommended
for all cases of acute ON and should be standard of care going forward.1,3,47 Promising new treatment
options for both conditions, which differ from treatments used for MS ON, are now available. Therefore, it
is appropriate to recommend utilizing MOG-IgG and NMO-IgG testing/titers for all cases of acute ON in
hopes of achieving optimal outcomes.
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