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ABSTRACT

Background: Cortical involvement and leptomeningeal enhancement are rare in neuromyelitis optica spectrum disorder 
(NMOSD). Cerebrospinal fluid (CSF) total protein is usually raised typically ranged between 0.5 and 1.5 g/l.

Case Presentation: A 22-year old lady who was previously well presented with a subacute onset of bilateral lower limb weakness 
for 1 week, which progressed in an ascending pattern involving the upper limbs. Magnetic resonance imaging spine showed 
longitudinally extensive transverse myelitis as well as leptomeningeal enhancement of the entire spine. CSF protein was high with 
3.33 g/l. Serum Aquaporin-4 IgG was positive. After failed steroid therapy, she responded dramatically with plasma exchange.

Conclusion: The presence of very high CSF protein and the presence of extensive leptomeningeal enhancement should 
not dissuade clinicians from considering the diagnosis of NMOSD, but merely reflects its severity and may need aggressive 
immunotherapy such as combination of steroids and plasma exchange.
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Background
Neuromyelitis optica spectrum disorders (NMOSD) are 
inflammatory disorders of the central nervous system 
characterized by episodes of immune-mediated demy-
elination and axonal damage predominantly affecting 
optic nerves and spinal cord [1]. Current consensus on 
diagnosis of NMOSD with Aquaporin-4 (AQP4)-IgG 
requires present least one of the six core clinical charac-
teristics of NMOSD which include optic neuritis, acute 
myelitis, area postrema syndrome, acute brainstem syn-
drome, symptomatic narcolepsy, or acute diencephalic 
clinical syndrome with NMOSD-typical diencephalic 
magnetic resonance imaging (MRI) lesions, and symp-
tomatic cerebral syndrome with NMOSD-typical brain 
lesions [2]. One of the most distinct features in NMOSD 
is longitudinally extensive transverse myelitis (LETM), 
which was defined as a lesion that spans over three 
or more contiguous vertebral segments [3]. Cortical 
involvement and leptomeningeal enhancement are rare 
in NMOSD [4]. Cerebrospinal fluid (CSF) total protein 
is usually raised typically ranged between 0.5 and 1.5 
g/l [5]. We present a case of NMOSD, AQP4-IgG posi-
tive with LETM with two unusual features which are the 
extremely high CSF protein and the presence of exten-
sive leptomeningeal enhancement (LME), involving the 
whole spine.

Case Presentation
A 22-year old lady who was previously well presented 
with a subacute onset of bilateral lower limb weakness 
for 1 week which progressed in an ascending pattern 
involving the upper limbs. There is no bulbar symptoms, 
diplopia, or blurring of vision. No prior visual loss, hic-
cups, nausea, or vomiting as well as diencephalic symp-
toms. She is afebrile otherwise. Upon examination, she 
was hemodynamically stable and afebrile. Her lower limb 
power was Medical Research Council (MRC) 0/5 with 
upper limb power of MRC 4/5. Reflexes were absent and 
there was a sensory level at T2. Fundoscopy was normal. 

Her initial laboratory workout, including full blood 
count, renal profile, liver function tests, calcium, magne-
sium, phosphate, thyroid function test, serum complement 
level for C3 and C4 all were normal. C-reactive protein was 
not raised, and her Antinuclear antibodies and anti-double 
stranded DNA (anti-dsDNA) were not detected. Blood 
cultures were negative. The chest radiograph was normal. 
CSF analysis showed a very high protein level of 3.33 g/l 
with normal glucose, and sterile culture. CSF GeneXpert 
and polymerase chain reaction (PCR) for tuberculosis 
(TB), and PCR for Herpes Simplex virus were negative. 
Serum Aquaporin-4 IgG antibody was positive. A few red 
blood cells were present in CSF, hence unable to proceed 
with cell counts by our laboratory.
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MRI brain showed scattered non-enhanced bilateral 
frontoparietal T2/fluid-attenuated inversion recovery 
(FLAIR) hyperintense juxtacortical lesion (Figure 1). 

MRI spine showed LETM as well as smooth leptomenin-
geal enhancement of entire spine (Figures 2 and 3).

A diagnosis of NMOSD was made. She was treated 
with methylprednisolone followed by oral prednisolone. 
However, she showed very minimal improvement in mus-
cle power of the right ankle dorsiflexion and plantar flex-
ion (MRC 2/5) after 2 weeks. She was then undergone 
five cycles of plasma exchanges via centrifuge method. 
She showed a significant improvement in muscle power. 
At the end of the sessions, her strength improved; upper 
limb MRC 5, lower limb MRC 3 proximally, and MRC 
5 distally. The band-like sensation at thoracic region was 
gone. After undergone in-patient rehabilitation, she was 
recently discharged with her being able to walk with 
Zimmer frame.

Discussion
Although there are other differential diagnoses besides 
NMOSD in patients with LETM [3], NMOSD remains the 
most common cause of LETM [6]. Other causes of LETM 
includes systemic autoimmune diseases, such as systemic 
lupus erythematosus and parainfectious phenomenon, 
including mycobacterium TB [6,7]. Even though our 

Figure 2. (a and b) MRI whole spine shows longitudinally extensive intramedullary T2 hyperin-
tensity (entire spinal cord with extension into the brain stem). (c) MRI T2-weighted image of the 
cervical spine at the axial view, showing hyperintensities signal within the grey matter (bright 
spotty lesions, BSL). (d) Similar findings at the thoracolumbar axial view.

Figure 1. MRI brain showed scattered non-enhanced bilateral 
frontoparietal T2/FLAIR hyperintense juxtacortical lesion.
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patient has the evidence of LETM, the diagnosis became 
in doubt with the presence of extensive leptomeningeal 
enhancement involving the whole spine. Typical causes of 
spinal leptomeningeal enhancement include malignancy 
either primary or secondary metastases, neurosarcoidosis 
and infection such as TB [8–11]. 

Although not common, LME has been described with the 
exact frequency yet to be known. Chen et al [12] described 
six patients with LME around the brainstem. A retrospec-
tive case series of 11 AQP4-IgG-positive NMOSD patients 
with LME by Asgari et al [13], described its involved 5–17 
vertebral segments length. Our patient had LME of the 
entire spine, with also the presence of bright spotty lesions 
(BSLs) in the cervical axial images which are clues to the 
diagnosis. Gadolinium enhancement in NMOSD occurred 
as a result of disruption of the blood-brain barrier attrib-
ute to the ventricular margin containing ependymal cells 
and astrocytes abundant in AQP4 [13]. Similarly, intense 
immunoreactivity in the astrocytic end feet, which abut the 
leptomeninges contributes to LME [14].

Elevated CSF protein is not uncommon in NMOSD, 
especially during the severe myelitis attack. This is the 
result of the disruption of the blood CSF barrier which 

opens the sanctuary areas to the extrathecally-produced 
aquaporin-4 antibodies. CSF total protein is usually raised 
typically ranged between 0.5 and 1.5 g/l [5].

Traditionally, the acute treatment for NMOSD is high-
dose corticosteroids, usually intravenous methylpredniso-
lone 1 g/day for 3 to 5 days, followed by a slowly tapering 
course of oral steroids. If initial treatment fails, plasma 
exchange is the next option [1]. Our patient responded 
poorly to steroid but dramatically improves with plasma 
exchange. The extremely high CSF protein and extensive 
LME may reflect the severity of inflammation and thus 
failed steroid therapy. 

Conclusion
The presence of very high CSF protein and the presence 
of extensive smooth LME, although unusual but a possi-
ble presentation and should not dissuade clinicians from 
considering the diagnosis of NMOSD. These changes 
merely reflect the severity and more extensive inflamma-
tion. These features may prompt the clinician to initiate an 
aggressive immunotherapy upfront such as a combination 
of steroids and plasma exchange. Our patient responded 
dramatically to plasma exchange and steroids.

Figure 3. (a and b) MRI whole spine shows longitudinally extensive intramedullary T1 (post 
gadolinium) hypo-intensity (entire spinal cord with extension into the brain stem) with smooth 
leptomeningeal enhancement (red arrows). (c) MRI T1-weighted post-gadolinium image of the 
cervical spine at the axial view, showing leptomeningeal enhancement (red arrows) and intrapa-
renchymal lesion. (d) Similar findings at the thoracolumbar axial view.
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Summary of the case

1 Patient (gender, age) Female, 22

2 Final diagnosis Neuromyelitis Optica Spectrum Disorders

3
Symptoms

Subacute onset of bilateral lower limb weakness for 1 week which progressed in an ascending 
pattern involving the upper limbs.

4 Medications Methylprednisolone and prednisolone

5 Clinical procedure Steroids followed by 5 cycles of exchange transfusion

6 Specialty Neurology
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