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A rare case of systemic lupus erythematosus-associated
neuromyelitis optica spectrum disorder with cystic
lesions and dual seropositivity for anti-AQP4 and
anti-MOG antibodies
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Neuromyelitis optica spectrum disorder (NMOSD) is a rare autoimmune disorder of
the central nervous system that affects the optic nerve and spinal cord. It is associated
with autoantibodies against aquaporin-4 (AQP-4) and/or myelin oligodendrocytes
glycoproteins. It is diagnosed based on clinical, radiological, and serological criteria,
and treated with immunosuppressants in the acute phase. Long-term immunosup-
pression is essential to prevent potential relapses. In this case report, we present the
case of a 19-year-old female patient with systemic lupus erythematosus (SLE), who
presented with blurriness and loss of vision in her left eye. Optical coherence tomog-
raphy was normal, but a gadolinium-enhanced cervico-dorsal MRI showed multiple
lesions extending from the brainstem to the C7-T1 junction suggestive of longitudi-
nally extensive transverse myelitis (LETM), the largest of which was a cystic lesion
at the cervico-spinal junction. A contrast injection also revealed left optic neuritis.
Cerebrospinal fluid analysis showed elevated IgG and red blood cell count, but no
oligoclonal bands. The patient tested positive for AQP-4 autoantibodies, confirming
the diagnosis of NMOSD. Treatment with intravenous methylprednisolone led to
partial improvement, but the patient experienced a relapse with severe neurological
symptoms, including tetraplegia and bladder and bowel dysfunction. This case illus-
trates the importance of considering NMOSD in the differential diagnosis of patients
with SLE who present with optic neuritis and/or myelitis, especially when MRI find-
ings are suggestive of LETM. Early diagnosis and adherence to treatment are crucial
to prevent further relapses and deleterious sequelae.
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1 | INTRODUCTION

Neuromyelitis optica spectrum disorder (NMOSD) is a
rare autoimmune demyelinating inflammatory disorder
of the central nervous system (CNS) that predominantly
affects the optic nerve and spinal cord, often leading to
severe disability and poor prognosis. NMOSD is associated
with autoantibodies against aquaporin-4 (AQP-4), a water
channel protein expressed in astrocytic foot processes,
and/or autoantibodies against myelin oligodendrocytes
glycoproteins (MOG)."?

The diagnosis of NMOSD is based on clinical, radio-
logical, and serological criteria. The appropriate treat-
ment consists of managing the acute phase with high-dose
corticosteroids and/or plasma exchange, in addition
to long-term immunosuppression to prevent relapses.
Nevertheless, some patients may be noncompliant with
the treatment, or have contraindications or adverse reac-
tions to the prescribed medications, leading to additional
complications.’

The discovery of NMOSD can be traced back to 1894,
when Dr Eugéne Devic and his doctoral student Fernand
Gault first delineated the condition, leading to its subse-
quent recognition as Devic's disease.* While initially cate-
gorized as a subtype of multiple sclerosis (MS), NMOSD is
now universally recognized as an independent disorder.
In fact, NMOSD has a prevalence of 0.3 to 4.4 cases per
100,000 individuals, and is more commonly found in in-
dividuals of Asian or African descent. It is, however, less
prevalent among Europeans.”

2 | CASE REPORT

2.1 | Case history and methods

In the following case report, we present the case of a
19-year-old female, who is known to have systemic
lupus erythematosus (SLE) for 6years, treated with
hydroxychloroquine.

Our patient presented to an ophthalmologist with a
1-week history of blurriness and loss of vision in her left
eye. Her visual acuity was 1/200 in the left eye and 100%
in the right eye. The patient could only notice hand mo-
tion in the central view, but was able to count fingers in
the temporal view. She had no pain, redness, or discharge
from her eyes. Her intro-ocular pressure, slit-lamp exam-
ination, and funduscopy were all normal.

Optical coherence tomography (OCT) was performed,
after cessation of hydroxychloroquine, to exclude any
visual toxicity due to secondary effects of this medica-
tion. OCT showed normal results, excluding retinopathy,
corneal deposits, glaucoma, macular edema, and optic
neuropathy.

For further evaluation, our patient was referred to
a neurologist, where she denied any headache, fever,
seizures, weakness, or bladder or bowel problems.
Numbness and neck stiffness were reported by the pa-
tient. Otherwise, her neurological examination was
normal.

A gadolinium-enhanced cervico-dorsal MRI of the
spine was performed, showing several hyperintense le-
sions in the spinal cord, the biggest of which was seen in
the cervical spine, presenting as a cystic spinal lesion, and
causing an increase in the thickness of the cervical spinal
cord. This lesion extended from the brainstem to the level
of the C7-T1 intervertebral disc, suggesting a diagnosis
of longitudinally extensive transverse myelitis (LETM).
Furthermore, three noncystic lesions were detected at the
level of the dorsal spine: a 15mm lesion at the level of T3,
as well as two lesions located between T8 and T10, mea-
suring 15mm and 30mm, respectively. Moreover, a con-
trast injection at the cerebral level showed a small contrast
enhancement of the left optic nerve, suggesting left optic
neuritis (Figure 1A).

In addition to these radiological findings, a cerebrospi-
nal fluid (CSF) analysis showed normal protein, glucose,
and LDH levels, as well as an elevated IgG level and red
blood cell count, but no oligoclonal bands, as shown in
Table 1.

To rule out conditions like neurosarcoidosis and sub-
acute combined neurodegeneration, a chest X-ray and
vitamin B12 level were ordered, respectively, but turned
out to be normal. Moreover, acid-fast and Gram stains
showed no bacterial growth in the CSF after 4days of in-
cubation, excluding any potentially concomitant bacterial
infections.

Interestingly, our patient tested positive for both AQP-4
and MOG autoantibodies, which are specific serological
markers for NMOSD.

3 | RESULTS

Based on the previous data, our patient was diagnosed
with NMOSD, and intravenous (IV) methylprednisolone
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FIGURE 1 MRI of the brain and
spine. (A.a) Brain MRI at presentation
(T2-weighted axial sections). (A.b and
A.c) show sagittal T2-weighted MRI
images of the cervical spine and thoracic
spine, respectively. (B.a) shows an axial
T1-weighted MRI image of the spine. (B.b
and B.c) show sagittal T1-weighted MRI
images of the spine.

TABLE 1 CSF analysis and oligoclonal banding of our patient.

Reference
Measured variables range Results
Cerebrospinal Glucose levels (mg/dL) 40-80 66
fluid chemistry 1 py (u/L) <70 <4
Protein levels (g/L) 0.12-0.6 0.49
Oligoclonal IgG-CSF (mg/dL) 0-3.4 8.89
banding (CSF/  1G-Serum (g/L) 7-16 15.2
Serum) by
electrophoresis
Cerebrospinal Leukocytes (cells/uL)  0-5 5
fluid cell count  prythrocytes (cells/uL) 0-5 1000
Lymphocytes (%) 60-70 100%
Neutrophils (%) 0-6 0%
Monocytes (%) 15-30% 0%
Eosinophils (%) 0 0
Basophils (%) 0 0

was initiated for 5days, after which complete visual re-
covery was achieved. The patient was then discharged
with a plan to taper oral prednisone. Nevertheless, she did
not adhere to her medication regimen, and was readmit-
ted 15days later with a relapse of NMOSD, manifesting
as tetraplegia and loss of proprioception and sensation in
both arms, in addition to bladder and bowel dysfunction.

Upon readmission, a new MRI revealed a diffuse, ex-
tensive infiltrating-like process, involving the cervical
cord from the middle of the medulla oblongata down to T1
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vertebra, with a swollen cervical cord showing a hetero-
geneous signal, compatible with multifocal cystic zones.
The cervical cord's thickness was estimated to be 17mm
at the cranio-cervical junction, where the largest cyst was
identified (Figure 1B).

The patient was treated again with solumedrol/meth-
ylprednisolone sodium succinate, 1-g IV bolus in 250cc
normal saline solution for 5days, omeprazole, 40-mg IV,
enoxaparin sodium, 20-mg subcutaneously, paracetamol,
1-g IV every 6h, glycerin suppositories, and rituximab
1000 mg twice 14 days apart.

Due to the development of tetraplegia, our patient was
transferred to a rehabilitation center for physiotherapy.
All her laboratory results, upon the first and second ad-
missions, are shown in Table 2.

4 | DISCUSSION
The following case report illustrates the clinical features,
diagnosis, and treatment of NMOSD, a rare and poten-
tially devastating disorder that affects the optic nerve and
spinal cord. NMOSD is associated with serum autoanti-
bodies against AQP4 and/or MOG, which are markers of
disease activity and prognosis. The resultant CNS damage
is caused by the presence of serum autoantibodies that
bind to the astrocytic water channel protein AQP4 at the
foot processes of astrocytes.

AQP4 is the most common type of aquaporin in
mammals’ brains, where it normally maintains water
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TABLE 2 The blood tests' results at
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the New Mazlou.m .Hospital, upon the first Reference :(ill:ltission :Z(;?s‘:ion
and second admissions. Measured variables  range (2/1/2024) (22/1/2024)

Blood chemistry Glucose (mg/dl) 74-106 110 100
Creatinine (mg/dl) 0.52-1.04 0.6 0.4
eGFR (mL/ >90 128.79 205.63
min/1.73m?)
Sodium (mmol/L) 137-145 140 137
Potassium (mmol/L) 3.5-5.1 4 4.1
Chloride (mmol/L) 98-107 106 104
Carbon dioxide 22-30 26 21
(mmol/L)
Calcium (mg/dl) 8.4-10.2 9.9 9.2
Protein, Total (g/L) 63-82 71 -
ALT (SGPT) (U/L) 5-35 15 32
Lactate dehydrogenase 120-246 135 -
(U/L)
C-reactive protein 0-10 6.3 6.1
(mg/L)

Endocrinology ~ TSH (mU/L) 0.35-4.94 1.2930 -

Hematology Leukocytes (x10°/pL)  3.39-8.86  12.35 4.24
Erythrocytes (x10°/pL) 3.91-5.31 4.27 4.19
Hemoglobin (g/dL) 10.6-14.8 123 11.6
Hematocrit (%) 32.9-41.2 34.1 32.5
MCV (fL) 77.7-93.7  79.9 77.6
Platelets (x10%/pL) 186-353 352 240
Neutrophils (%) 42.5-73.2 79.2 67.7
Lymphocytes (%) 18.2-47.4 14 23.6
Monocytes (%) 4.3-11 6.6 8.0
Eosinophils (%) 1-4 0.1 0.5
Basophis (%) 0-0.7 0.1 0.2

Vitamins Vitamin B12 (pg/mL)  400-883 730 -

Immuno- Anti-aquaporin-4 titer 1/32 -

serology Anti-MOG titer 1/8 -

homeostasis and helps mediate waste protein clearance.’
Within the CNS, AQP4 is most abundant in the optic nerve,
the hypothalamus, the cerebellum, the para-ventricles re-
gions, and the spinal cord. Moreover, it is also present in
other organs, including the kidneys, and the digestive and
respiratory systems.®

It has been shown that AQP4 antibodies, also known as
NMO IgG, are very specific (94%), and moderately sensitive
(76%) for NMOSD.’ The pathophysiology of NMOSD is me-
diated by these AQP4 immunoglobulins (IgGs) that enter
the CNS via the blood-brain barrier (BBB) and selectively
bind to the AQP4 channels at the foot processes of astro-
cytes.'” While NMO IgG cannot cross the BBB in healthy
individuals to cause CNS disorders, the antibodies that are

produced extrathecally disrupt the BBB to provoke NMOSD
in the affected patients.11 In the latter, these autoantibod-
ies mainly belong to the IgG1 subtype (98%), which can
strongly activate the complement system.'? The subsequent
complement activation can increase the permeability of the
BBB, with additional recruitment of pro-inflammatory leu-
kocytes (neutrophils, eosinophils, macrophages, and nat-
ural killer cells), promoted by C5a, causing astrocyte and
neuronal damage, and potentially death due to the deposi-
tion of C5b-C9 complexes. Moreover, the AQP4 antibody-
complement-mediated cytotoxicity is a major cause of
damage to AQP4-expressing astrocytes."

Another mechanism that explains the astrocytic dam-
agein NMOSD patientsis mediated by antibody-dependent
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cellular cytotoxicity. In fact, mature B cells that produce
autoantibodies against AQP-4 proteins can also trigger
the production of interleukin-6 (IL-6), which helps break
down the BBB and enhances B cells survival. Plasmablasts
that are supported by IL-6 increase the release of AQP4-
IgG, with the help of AQP4-reactive T cells, and Th17-
related inflammatory cytokines."

Furthermore, AQP4-binding antibodies can provoke
glutamate impairment by downregulation of the excit-
atory amino acid transporter 2, which is responsible for
the extracellular glutamate clearance to prevent neuronal
excitotoxicity and hyperexcitability."?

Additionally, the death of astrocytes results in the
loss of support for the surrounding neurons and oligo-
dendrocytes. Damage to the latter appears to follow the
immune-mediated astrocyte injury. Consequently, de-
myelination is a secondary event occurring in NMOSD
patients due to significant losses in glial astrocytes and
oligodendrocytes."

NMOSD may be idiopathic, or can occur in associ-
ation with other autoimmune diseases such as SLE, as
seen in the case of our patient.'* While patients of any
age can be affected, this disorder is more common in
women, and usually starts around the age of 39. It in-
cludes several clinical syndromes: optic neuritis (ON),
LETM, area postrema syndrome, acute brain stem syn-
drome, diencephalic syndrome, and symptomatic cere-
bral syndrome.®

According to the 2015 International Panel for NMOSD
Diagnostic Criteria for Adult Patients, our patient met all
the criteria for “NMOSD with positive AQP4-1gG”, as evi-
denced by the presence of ON and LETM, positive AQP4-
IgG, and exclusion of alternative diagnoses as shown in
Table 3." In fact, vitamin B12 and chest X-ray were or-
dered to rule out subacute combined neurodegeneration
and neurosarcoidosis, respectively, but turned out to be
normal. Moreover, while short spinal segment lesions
are a common finding seen in MS, the spinal MRI of our
patient showed extensive lesions, involving more than
three segments, which makes the diagnosis of MS very
unlikely.®

While the pathophysiological link between SLE and
NMO remains unclear, some studies have estimated that
the probability of having both SLE and NMO in the same
individual is about one in 5,000,000."*

Differentiating between lupus myelitis and NMO or
MS in patients with SLE is challenging: myelitis in SLE
usually occurs 1-2years after the onset of SLE and is as-
sociated with SLE flares, whereas in NMO and MS, my-
elitis occurs several years later and is not related to flares
of SLE. Moreover, while uncommon in MS, SLE myelitis
and NMO can both cause ON. In addition, MRI findings
are crucial to distinguish between these entities: in SLE
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TABLE 3 The 2015 international panel for NMOSD diagnostic
criteria for adult patients.

Diagnostic criteria for NMOSD with AQP4-1gG

1. At least one core clinical characteristic

2. Positive test for AQP4-IgG using best available detection
method (cell-based assay strongly recommended)

3. Exclusion of alternative diagnoses

Diagnostic criteria for NMOSD without AQP4-IgG or NMOSD
with unknown AQP4-IgG status

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

(a) At least one core clinical characteristic must be optic
neuritis, acute myelitis with LETM, or area postrema syndrome
(b) Dissemination in space (two or more different core clinical
characteristics)

(c) Fulfillment of additional MRI requirements, as applicable
2. Negative tests for AQP4-IgG using best available detection
method, or testing unavailable

3. Exclusion of alternative diagnoses

Core clinical characteristics

1. Optic neuritis

2. Acute myelitis

3. Area postrema syndrome: episode of otherwise unexplained
hiccups or nausea and vomiting

4. Acute brainstem syndrome

5. Symptomatic narcolepsy or acute diencephalic clinical
syndrome with NMOSD-typical diencephalic MRI lesions

6. Symptomatic cerebral syndrome with NMOSD-typical brain
lesions

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 >1/2 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 history compatible with acute myelitis

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

4. Acute brainstem syndrome: requires associated
periependymal brainstem lesions

myelitis and MS, the lesions involve one to two spinal
segments, or rarely present as LETM, affecting three or
more vertebral segments. However, in NMO, LETM is
very common. Furthermore, brain involvement is rare in
NMO, but is commonly detected in the MRI of patients
with SLE myelitis and MS.
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Additionally, the assessment of oligoclonal bands can
be of great benefit, since these bands are mostly absent in
both NMO and lupus myelitis, but are commonly present
in patients with MS.'®"’

In patients with NMOSD, the treatment aims to reduce
the inflammation, and to prevent potential relapses that
can cause irreversible neurological damage and disabil-
ity. However, our patient did not comply with the rec-
ommended treatment due to depression, and developed
total paraplegia with loss of proprioception and sensation
in both arms upon the second admission. Therefore, it is
crucial to highlight the necessity for persistent follow-up
in the case of NMOSD patients, coupled with rigorous ed-
ucation, to prevent such disabilities and permanent dam-
age, including blindness and paralysis."®

Furthermore, acute episodes of NMOSD are typically
managed using corticosteroids, such as IV methylpredniso-
lone, and therapeutic plasma exchange may be considered
for cases with severe or refractory attacks. In fact, plasma
exchange removes up to 99% of circulating autoantibodies
after 5-7cycles, and may also eliminate other inflamma-
tory factors that contribute to the disability. If symptoms
persist without improvement after both steroid adminis-
tration and plasma exchange, the option of treatment with
IV immunoglobulins or an escalation to cytoablative ther-
apy, such as cyclophosphamide, may be offered to affected
patients. For long-term prevention, immunosuppressive
agents such as azathioprine, or treatment involving B cell-
targeted therapies like intravenous rituximab, are used.
Tocilizumab is considered to be a second-line treatment
in NMOSD after rituximab, as it can inhibit the IL-6 re-
ceptors, and provoke a reduction in the AQP4-IgG produc-
tion, in addition to decreasing the permeability of the BBB.
Additional alternatives include mycophenolate mofetil,
methotrexate, and mitoxantrone. However, the latter is
often avoided as an initial treatment due to significant
side effects, including cardiotoxicity and leukemia. Since
some patients may be noncompliant with the treatment or
have contraindications or adverse effects to the prescribed
medications, poor outcomes and complications may be
observed in such patients.'®"® Therefore, rigorous educa-
tion regarding the nature and management of NMOSD is
highly encouraged, in addition to continuous monitoring
of the adherence and response of patients to the treatment.
Early diagnosis and treatment of NMOSD can improve the
quality of life and prognosis of the disease.

5 | CONCLUSION

This paper elucidates the clinical aspects of neuromyeli-
tis optica spectrum disorder in a patient that presented
with recurrent episodes of optic neuritis and longitudinal

extensive transverse myelitis, leading to potentially visual
and motor impairments. The diagnosis of neuromyelitis
optica spectrum disorder is based on clinical and serologi-
cal criteria, particularly on the presence of aquaporin-4
autoantibodies. However, the diagnosis and treatment
of neuromyelitis optica can be challenging, especially in
developing countries, where limited access to specialized
care and advanced imaging techniques can hinder the ap-
propriate management of this condition. To prevent the
deleterious sequelae of neuromyelitis optica, physicians
should ensure appropriate management of the acute phase
of the disease, and must maintain regular evaluation to
prevent relapses and monitor potential complications.
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