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Neuromyelitis optica spectrum disorders (NMOSD) is a demyelinating syndrome of the central nervous system.

This case report describes a 31-year-old woman whose electromyography revealed radiculopathy in the left L5-S1

spinal segment without anatomical abnormalities on lumbosacral magnetic resonance imaging (MRI). She was

diagnosed with NMOSD based on gadolinium contrast whole spine and brain MRI and anti-aquaporin-4 antibody

findings. Her peripheral nervous system might have been damaged during the early course of NMOSD. Therefore,

it is necessary to consider NMOSD for patients who have radiculopathy in electromyography if lumbosacral MRI

shows no abnormalities.
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INTRODUCTION

Neuromyelitis optica spectrum disorders (NMOSD) is
an inflammatory demyelinating central nervous system
(CNS) disorder distinct from multiple sclerosis (MS) [1].

The peripheral nervous system (PNS) has not been
known to be involved in MS or NMOSD. However, a
recent study has reported peripheral neuropathy and
chronic inflammatory demyelinating polyneuropathy
(CIDP) in patients with MS [2]. In contrast to MS, there
have been limited reports on the characteristics of pe-
ripheral neuropathy as a complication of NMOSD. Here

we report a case of NMOSD that initially presented as left
leg weakness and radiculopathy.

CASE REPORT

A 31-year-old woman initially presented with left leg
weakness and numbness that had started 2 months ago.
Weakness and numbness occurred at the same time. As
leg weakness got worse, foot drop occurred one month
after developing the numbness. She had visited a local
medical center and received lumbosacral spine magnetic
resonance imaging (MRI) and electromyography (EMG).
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However, there was no evidence of peripheral neuropa-
thy on EMG study except reduced recruitment pattern of
L5 myotome. Lumbosacral MRI revealed no anatomical
abnormalities, suggesting radiculopathy. After that, her
left leg weakness was aggravated with gait disturbance.
She had no bowel, bladder, or visual symptoms. Past
medical and familial history revealed nothing special.
Initial neurologic examination revealed normal cranial
nerve function. There was weakness of left hip extensor,
knee flexor/extensor (extended Medical Research Coun-
cil grade 4), ankle dorsi-flexor/plantar-flexor, and big toe
extensor (grade 3). She had mildly decreased pain, tem-
perature, touch, joint position, and vibration sensations
in her left 15 dermatome. All deep tendon reflexes were
normal except an absent left ankle jerk. Babinski sign
was unclear in her left foot. Testing of the spasticity of her
four extremities revealed a Modified Ashworth Scale of
zero. She had abnormal gait pattern with genu recurva-
tum during the standing phase, hip hiking with circum-
duction, and foot drop during the swing phase.

Table 1. Nerve conduction studies

Routine nerve conduction study was normal. F-wave la-
tencies were also normal (Table 1). However, the H-reflex
of the left tibial nerve (31.5 ms) was prolonged compared
to the right one (28.5 ms). Needle EMG showed active
denervation in the left anterior tibialis, tensor fascia lata,
and L5 paraspinalis with reduced recruitment in the
left tibialis anterior, peroneus longus, extensor halluces
longus, gastrocnemius, and tensor fascia lata (Table 2).
Because the nerve conduction study with needle EMG
findings were not correlated with previous normal lum-
bosacral MRI finding and there was uncertain Babinski
reflex, we measured the sensory evoked potentials (SEPs),
motor evoked potentials (MEPs), and visual evoked po-
tentials (VEPs). There were abnormalities in the MEPs
(prolonged latencies from left median and tibial nerves).
However, SEPs were normal. VEPs showed left P100 la-
tency delay (118.20 ms) compared to the right side (102.40
ms).

We performed a gadolinium contrast whole spine MRI
to evaluate not only other causes of radiculopathy such

c Conduction F-wave
Nerve Stiml.llation Recqrding sl Latency (ms) velocity (m/s) latency (ms)
site site
Rt Lt Rt Lt Rt Lt Rt Lt
Motor
Median Wrist APB 8.9 2.80 - - - 22.60 -
Elbow APB 8.7 5.95 - 57.1 - - -
Ulnar Wrist ADQ 7.1 2.25 - - - 23.00 -
Below elbow ADQ 6.2 5.70 - 58.0 - - -
Peroneal  Ankle EDB 3.7 3.0 3.50 4.50 - - 43.65  48.75
Below fibular EDB 3.8 2.9 9.90 10.85 51.6 50.4 - -
Tibial Ankle AHB 16.2 13.1 3.60 4.10 - - 45.30  45.15
Popliteal fossa AHB 14.0 13.0 10.35 11.95 53.3 48.4 - -
Sensory
Median Wrist Second finger 52.0 2.05 - - - - -
Ulnar Wrist Fifth finger 37.6 1.95 - - = = =
Radial Wrist Thumb 47.3 1.50 - - - - -
Peroneal Lateralleg Foot 12.5 13.4 1.70 1.60 - - - -
Sural Calf Lateral 21.9 25.8 1.75 2.25 - - - -
malleolus
H-reflex Popliteal fossa  Soleus - 28.45 31.5 - - - -

Amplitudes are measured in millivolt (mV, motor) and in microvolt (uV, sensory). All motor and sensory latencies are
onset latencies. Left median, ulnar and radial nerve conduction studies are not performed.
Rt, right; Lt, left; APB, abductor pollicis brevis; ADQ, abductor digiti quinti; EDB, extensor digitorum brevis; AHB, ad-

ductor halluces brevis.
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Table 2. Needle electromyography studies

Spontaneous activity

Motor unit action potential

IA Fib PSW Amp (pV) Dur (ms) PPP Recruitment pattern
Rt First dorsal interossei N N N N N N Complete
Rt tibialis anterior N N N N N N Complete
Rt gastrocnemius (medial head) N N N N N N Complete
Lt tibialis anterior N 2+ 2+ N N N Reduced
Lt gastrocnemius (medial head) N N N N N N Reduced/single
Lt peroneus longus N N N N N N Reduced
Lt extensor halluces longus N N N N N N Reduced
Lt vastus medialis N N N N N N Reduced/complete
Lt tensor fascia lata N 2+ 2+ N N N Reduced/complete
Lt gluteus maximus N N N N N N Reduced/complete
Lt L5 paraspinalis N +1 +1 - - - -

IA, insertional activity; Fib, fibrillation; PSW, positive sharp wave; Amp, amplitude; Dur, duration; PPP, polyphasic

pattern; N, normal.

as ischemia, infection, inflammation but also CNS lesion.
This MRI showed multifocal left eccentric T2-weighted
high, T1-weighted iso-intensity, and a well-enhanced
spinal cord lesions (Fig. 1). Because lesions were limited
to spinal cord without spinal root lesion including con-
trast enhancing imaging, we ruled out radiculitis and
conducted gadolinium contrast brain MRI, blood, and
cerebrospinal fluid (CSF) examination for CNS disease.
Contrast brain MRI revealed multifocal nodular lesions
in both periventricular and subcortical white matter,
corpus callosum, left dorsal midbrain/pons, right middle
cerebellar peduncle, left cervicomedullary junction, and
left cerebellar hemisphere (Fig. 2). Routine blood exami-
nation had no definite abnormal findings. Viral marker
(hepatitis virus B, C, and human immunodeficiency vi-
rus), rapid plasma regain titer, rheumatoid factor, lupus
anticoagulant, fluorescent antinuclear antibody titer,
anti-neutrophil cytoplasmic antibody titer, angiotensin
converting enzyme, and anti-glycolipid antibodies (GM1,
GM2, GM3, GD1a, GD1b, GD3, GT1b, GQ1b, and Gal-C)
were all within normal ranges except GD1b. CSF exami-
nation revealed a white blood cell count of 11/uL with
80% lymphocytes. CSF immunoelectrophoresis revealed
elevated immunoglobulin G (IgG) levels (5.76 mg/dL;
serum IgG, 1,220 mg/dL) and positive oligoclonal bands.
Because she is an Asian and contrast whole spine MRI
showed spinal cord lesions longer than 3 spinal segments
Known as longitudinally extensive transverse myelitis
(LETM) lesion, we decided to test aquaporin-4 (AQP4)

antibody by indirect immunofluorescence on the recom-
mendation 2010 McDonald criteria for multiple sclerosis
[3]. AQP4 antibody test was positive. Finally, we ruled out
diseases such as MS, sarcoidosis, and systemic lupus ery-
thematosus and diagnosed her as NMOSD with AQP4-
IgG categorized by 2015 NMOSD diagnostic criteria of the
International Panel for NMO Diagnosis (IPND) revision
[1].

The patient was treated with steroid pulse therapy. Her
left leg weakness was improved slightly and treatment
was changed to low dose steroid and azathioprine for
secondary prevention. Seoul Neuropsychological Screen-
ing Battery-2 was performed for evaluating brain lesion
effect and newly developing vision problem. Test result
revealed decreased visuospatial (6.50%ile) and memory
(14.32%ile) function. However, ophthalmic examination
was within normal range. Four months later, right lower
extremity numbness occurred and new active spinal cord
lesion at thoracic level was detected. She was treated
with steroid pulse therapy again and her medication was
changed to low dose steroid mycophenolate mofetil. Re-
cently, her symptoms wax and wane.

DISCUSSION

As IPND was revised, NMOSD including traditional
NMO and modern NMOSD such as opticospinal MS
that is more common in Asian countries than in Western
countries is classified according to serologic testing (NMO
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Fig. 2. Gadolinium contrast brain magnetic resonance
imaging (MRI) imaging. Axial T2 MRI showing multifo-
cal nodular T2 high-signal lesions in both periventricular
and subcortical white matter (arrow).

WWW.e-arm.org

Fig. 1. Gadolinium contrast spine
magnetic resonance imaging (MRI)
imaging. (A-C) Sagittal T2 MRI
showing extension of abnormal
T2-weighted signal within the
cervical 1-2, 4-6, thoracic 6-7,
9-10, and 11-12 level spinal cord
and medulla. (D) Cross-section
T2 MRI showing abnormal T2-
weighted signal within the left ec-
centric thoracic 11-12 level spinal
cord.

with or without AQP4-IgG). The diagnostic criteria for
NMO with or without AQP4-IgG are also different from
each other [1] (Table 3). Treatment for NMOSD is divided
into treatment of acute attacks and prevention of attacks.
Treatment of acute attacks is comprised of intravenous
methylprednisolone and plasma exchange. Intravenous
methylprednisolone is delivered daily for 3-5 days. If the
symptom does not improve, plasma exchange is adminis-
tered in general. Prophylactic therapy consists of immu-
nosuppressive agents as azathioprine, mycophenolate,
and rituximab with or without low dose oral predniso-
lone [4].

Grey matter and PNS lesions have been reported in CNS
demyelination disease such as MS and NMOSD. Com-
pared to MS, there are fewer articles about extra white
matter lesions in NMOSD. Kitada et al. [5] have published
a case report of NMOSD associated with demyelinating
polyradiculoneuropathy. Warabi et al. [2] have reported
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Table 3. NMOSD diagnostic criteria for adult patients [1]

Diagnostic criteria for NMOSD with AQP4-IgG
1. Atleast 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

Diagnostic criteria for NMOSD without AQP4-IgG or NMOSD with unknown AQP4-IgG status
1. At least 2 core clinical characteristics occurring as a result of one or more clinical attacks and meeting all of the

following requirements:

a. At least 1 core clinical characteristic must be optic neuritis, acute myelitis with LETM, or area postrema syn-

drome

b. Dissemination in space (2 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 AQP4-1gG 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

NMOSD, neuromyelitis optica spectrum disorders; AQP4, aquaporin-4; IgG, immunoglobulin G; LETM, longitudi-
nally extensive transverse myelitis lesions; MRI, magnetic resonance imaging.

that one of 28 patients with NMOSD has developed de-
myelinating polyradiculoneuropathy that does not fulfill
the criteria for CIDP without other underlying causes.
Feyissa et al. [6] have reported acute axonal polyradiculo-
neuropathy in seronegative NMOSD. Takai et al. [7] have
published two case reports of NMOSD with lumbosacral
myeloradiculitis. They not only found demyelination of
cauda equina at thoracic 12-lumbar 1 levels in patients,
but also expression of AQP4 at the transitional zone of
CNS-PNS. These authors argued that transitional zone
could be the target of radiculitis in NMOSD. Mingbun-
jerdsuk and Katirji [8] have reported a case of acute cervi-
cal segmental denervation similar to anterior horn cell
loss in NMOSD. They suggested that NMOSD proceeds

with a similar pathological grey matter and axonal injury
to MS due to axoglial antigen as a target of immune at-
tack. Our case is different from other cases except the
case reported by Mingbunjerdsuk and Katirji [8] in the as-
pect of pathophysiology. Our patient’s electrodiagnostic
finding revealed mainly axonal loss. Her contrast spine
MRI showed no definite abnormal finding at the spinal
root level. This is different from the report of Takai et al. [7]
but with similar pattern to the report of Mingbunjerdsuk
and Katirji [8]. Although the accurate pathophysiology of
axonal loss in NMOSD is currently unknown, we suggest
that axoglial antigen might be a target for immune attack.
Our case showed that PNS damage could break out at the
early course of NMOSD. Other pathologies besides demy-
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elination might be involved in PNS damage in NMOSD.
In conclusion, NMOSD has various clinical findings.
If patients with radiculopathy have no structural abnor-
mality on lumbosacral MRI, demyelinating CNS disease
should be taken into consideration. Because PNS could
be damaged during early course of NMO, CNS imaging
and electrodiagnostic studies as well as CSF examina-
tions should be properly performed if NMOSD is sus-
pected. Early diagnosis and management of NMOSD will
have positive effects on patients’ long-term prognoses.
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