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Abstract

Background: Neuromyelitis optica spectrum disorder (NMOSD) is a rare neuroinflammatory disorder of the central
nervous system that typically involves the optic nerve, the spinal cord and other specific brain regions. In relapse of
the disease, factors associated with clinical features and lesion severity are important for clinicians to predict
disease-related disability.

Methods: We retrospectively analyzed 22 female patients with NMOSD who had spinal cord lesions. Detailed
clinical features, onset symptoms, motor disability, relapse episodes, serum aquaporin-4 (AQP4) and myelin
oligodendrocyte glycoprotein (MOG) autoantibodies and MRI characteristics were documented to correlate their
associations with the nadir and three-month Expanded Disability Status Scale (EDSS) scores. Patients with three-
month EDSS scores below four (< 4) were categorized as the good outcome group, while those with scores of four
or more (> 4) were categorized as the poor outcome group.

Results: In patients with NMOSD, the mean age was 44.5 + 12.8 years, and the mean three-month EDSS score was
4.3+ 1.9. A significantly higher all-limb muscle power score was found in the good EDSS group than in the poor
EDSS group (p =0.01). A tendency toward longer follow-up periods and lower anti-AQP4 antibody levels was found
in the good outcome group. Serum anti-AQP4 antibodies were present in 86% of patients with NMOSD, and MOG
autoantibodies were found in one anti-AQP4 antibody-negative patient (33.3%). In patients with NMOSD, more
than 40% of spinal cord lesions were distributed at the middle cervical and upper thoracic levels.

Conclusions: Our findings suggest that EDSS scores and MRC scores at the nadir had significant associations with
three-month EDSS scores. The topographic distributions of the spinal cord lesions might relate to different serum
anti-AQP4 antibody status. However, further studies will be needed to corroborate this finding.
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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a
group of chronic inflammatory and demyelinating disor-
ders that are characterized by optic neuritis, transverse
myelitis and extensive brain lesions in locations such as
the brainstem, the area postrema and the diencephalic
regions [1, 2]. After the discovery of highly specific
serum immunoglobulin G antibodies that target the
water channel protein aquaporin-4 (AQP4-IgG), this
serological marker was incorporated into the revised
NMOSD diagnostic criteria and became the standard for
clinical and research purposes [1]. NMOSD is different
from multiple sclerosis (MS) in that the former causes
greater disability due to severe optic nerve damage and
longitudinally extensive transverse myelitis (LETM), fewer
brain magnetic resonance imaging (MRI) lesions and the
presence of anti-AQP4 antibody in the serum and cerebro-
spinal fluid (CSF) [3, 4]. From a pathophysiological per-
spective, NMOSD is an autoimmune water channelopathy
that predominantly affects astrocytes in the central nervous
system (resulting in secondary demyelination) [5], while
MS is a heterogeneous, multifactorial, immune-mediated
disease that is caused by complex gene—environment inter-
actions [6]. The prevalence of NMOSD in various studies
ranges from 0.5 to 4 per 100,000 individuals, and the
annual incidence is < 1/million individuals; therefore, it is
categorized as a rare disease [7-9]. In Taiwan, the
prevalence of NMOSD is unknown, but it affects a
significantly higher proportion of middle-aged female
than male patients, exhibits a high relapse rate, and
results in greater functional disability than conventional
multiple sclerosis [10].

The variability of disease severity in NMOSD has been
documented; some patients have a disease course with
frequent relapses and early motor disability, while others
may have only a single attack without accumulating
significant relapse-associated disability despite many
years of disease [11]. The reasons for this heterogeneity
are not clear and make it difficult to predict future
outcomes. Recently, several studies, including one on a
large international dataset, showed confounding factors
for disease severity that included ethnic differences,
onset age, sex, initial onset symptoms, recurrent
episodes and serological features [12—14]. In the current
work, we explored the relationships connecting clinical
features to disease severity and relapse episodes after the
diagnosis of NMOSD.

Materials and methods

Study design and patient population

We retrospectively analyzed the initial clinical presenta-
tions, neurological examinations, MRI features and serum
anti-AQP4 antibody profiles of a total of 22 NMOSD
patients with spinal cord lesions from 2002 to 2018. The
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study protocol was approved by the institutional review
board of the Chang Gung Memorial Hospital, Linkou,
Taoyuan, Taiwan (IRB number: 201800769B0). All
methods were performed in accordance with the relevant
guidelines and regulations. We recorded demographic char-
acteristics; medical histories; and information on the clinical
presentations, including the temporal profiles, initial symp-
toms and neurological examination results. The relevant
MRI features, including the topography of the lesions at the
initial assessment, were analyzed. The diagnosis of NMOSD
was based on the international consensus criteria for that
disorder [1]. Our study is a retrospective chart review ana-
lysis covering the period from 2002 to 2018. Before the
2015 international consensus criteria for NMOSD were
available, NMOSD was diagnosed according to older cri-
teria [15, 16]. Patient(s) with NMOSD might initially
present with non-spinal cord symptoms but later develop
spinal cord involvement, at which time the patient(s) were
recruited for this study. Most of our patients (16 out of 22)
were diagnosed with NMOSD after 2008. When patients
were anti-AQP4-IgG positive, we used the 2015 inter-
national consensus criteria for NMOSD to recruit these
patients.

The temporal profiles from the initial onset of symp-
toms to the nadir of neurological dysfunction were mea-
sured in days. The nadir was defined as the point of the
worst neurological function, before any improvement or
plateau, based on history and neurological examinations.
The initially presented symptoms were categorized as
optic neuritis symptoms or spinal cord symptoms. The
severity of motor disability was measured at the nadir of
the disease and three months after symptom onset. For
each limb, a Medical Research Council (MRC) score
(from 0 to 5) was assigned to represent the muscle
power in that limb. The total muscle power in all four
limbs was calculated by summating the MRC scores of
all the limbs. We also determined the Kurtzke Expanded
Disability Status Scale (EDSS) scores at nadir and at
three months in patients with NMOSD [17]. According
to the treatment data of our study cohort, 20 of 22
patients received various doses of prednisolone, and two
patients did not receive any medication. Among the
patients receiving prednisolone treatment, four also used
azathioprine, two used interferon beta, two used myco-
phenolate mofetil (MMF) and one used cyclosporine.
Serum anti-AQP4 antibody testing was performed by
enzyme-linked immunosorbent assay (ELISA) (normal
value <3units/mL) [18]. Anti-myelin oligodendrocyte
glycoprotein (anti-MOG) antibody analysis was carried
out in anti-AQP4 antibody-negative patients using a
cell-based assay (CBA) with live transfected cells [19].
Patients with EDSS scores <4 at three months were de-
fined as the good outcome group, while those with EDSS
scores >4 were classified as the poor outcome group.
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Each patient’s follow-up period (from symptom onset to
the date of the last visit) and the number of relapse
episodes within that period were also recorded.

Evaluation of MRI parameters

MRI of the spine obtained within two weeks of admis-
sion was reviewed by a board-certified neuroradiologist,
who recorded the MR parameters. All studies included
axial and sagittal T1- and T2-weighted sequences that
imaged the spine and brain. The main characteristic of
MRI features in patients with NMOSD is LETM [20]. In
order to study LETM, the length of the spinal cord
lesion was measured as the sagittal extent of T2 hyperin-
tensity using the number of vertebral body spans. The
location of each lesion was recorded according to the
vertebral body level (e.g., cervical, thoracic or lumbar).
Gadolinium [Gd] enhancement on T1-weighted images
was recorded as present or absent. The distribution of
lesions in the cross-sections of the spinal cord was clas-
sified according to the anterior, posterior, lateral and
central regions [21]. The presence of absence of “bright
spotty lesions”, defined as the typical NMOSD feature of
“very hyperintense spotty lesions on the axial T2-
weighted images that are visually more hyperintense
than those of surrounding CSF without flow void ef-
fects”, was recorded in all patients [22].

Statistical analyses

All statistical analyses were performed using SPSS
(version 21.0; IBM, New York, USA). Continuous vari-
ables are expressed as the means + standard deviations.
Categorical variables are presented as counts and ra-
tios. Independent t-tests were performed to compare
the mean ages of the groups. Chi-square tests, Fisher’s
exact tests and Mann-Whitney U tests were used to
compare patients with NMOSD in terms of sex,
clinical presentations, three-month outcomes and
imaging characteristics. Logistic regression analysis
was used to study the associations among clinical
symptoms, short-term outcomes and MRI characteris-
tics after adjustments for age and sex effects. Statistical
significance was defined as p < 0.05.

Results

Figure 1 shows a representative case of NMOSD. A
47-year-old female had subacute onset of a spinning
sensation, unsteady gait and recurrent nausea and
vomiting for one week. Sagittal-view brain MRI
showed a hyperintense lesion in the area postrema
that extended to the first vertebral body (Figs. 1 a &
b). Gd-enhanced T1-weighted images showed contrast
enhancement in the corresponding regions (Fig. 1 c).
Her level of anti-AQP4 antibody was 4.46 units/mL.
Her EDSS score at three months was 2. Two years
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after initial presentation, she had a recurrent attack
presenting as bilateral upper-limb numbness for two
weeks along with right visual impairment. Brain MRI
showed an extended lesion from the area postrema to
the secondary vertebral body on the Gd-enhanced T1-
weighted images (Fig. 1 d). The patient’s EDSS score
at three months was 3.5.

In total, 22 female patients with NMOSD were
enrolled in the current study; Table 1 summarizes the
features of the good and poor outcome groups. In terms
of clinical parameters, there were no significant differ-
ences in age, onset-to-nadir time, initial symptoms,
follow-up period or number of relapses between the
good and poor outcome groups. Significant differences
in lower-limb and all-limb muscle power (MRC scores)
were found between the good and poor outcome groups
(p =0.01 and p =0.01, respectively). Three months after
symptom onset, all-limb, upper-limb and lower-limb
muscle power (MRC scores) showed significant differ-
ences between the good and poor outcome groups
(p < 0.01, p =0.02 and p < 0.01, respectively). In longi-
tudinal follow-ups, a longer follow-up period and fewer
relapse episodes were found in the good outcome group
than in the poor outcome group, although the differ-
ences were not significant. Serum anti-AQP4 antibodies
were positive in 86% of our patients with NMOSD.
Three patients with NMOSD tested negative for anti-
AQP4 antibodies. Serum AQP4-IgG levels were lower in
the good outcome group than in the poor outcome
group (p =0.27). Furthermore, the anti-AQP4 antibody
status did not show a significant difference between the
good and poor outcome groups (p =0.33). Regression
analysis showed a significant positive association be-
tween EDSS scores at the nadir and three-month EDSS
scores even after adjusting for onset age and the length
of spinal cord lesions (R squared = 0.55, p < 0.01; Fig. 2a).
Regarding MRC scores, regression analysis showed a sig-
nificant negative association between all-limb muscle
power scores at the nadir and three-month EDSS scores
(R squared = 0.30, p < 0.01; Fig. 2b). All-limb, upper-limb
and lower-limb muscle power scores at three months
showed significant negative associations with EDSS scores
even after adjusting for onset age and the length of spinal
cord lesions (all p < 0.01).

Regarding initial symptoms, four patients with
NMOSD had optic neuritis and spinal cord lesions,
and 18 patients had only spinal cord lesions. Although
the group with only spinal cord lesions had higher
three-month EDSS scores than the group with optic
neuritis, there was no significant difference between
the two groups (EDSS score: 4.7 £2.1 vs. 3.4+ 1.1, p =
0.25). In terms of relapse episodes, the group with only
spinal cord lesions had more relapse episodes than the
group with optic neuritis, but the difference was not
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Fig. 1 Brain MRI showed a representative case of a patient with NMOSD. a. A T2-weighted hyperintensity lesion at the area postrema that
extended to the first cervical vertebral body level on the MRI sagittal view. b. The brain MRI axial view showed a hyperintense lesion at the area
postrema that was more severe on the left side of the medulla. c. A [Gd]-enhanced lesion from the medulla to the first cervical vertebral body
level on the sagittal-view T1-weighted contrast image. d. A hyperintense lesion from the area postrema extended to the secondary vertebral
body level on the sagittal-view FLAIR image was noted 2 years after the first attack

significant (relapse episodes: 5.4 +5.3 vs. 3.0+ 1.1, p =
0.30).

In terms of MRI features, Fig. 3a shows the topo-
graphic distribution of LETM. In both EDSS outcome
groups, more than 40% of the lesions were located at the
C3 to C6 vertebral body levels. The second most com-
mon lesion location was at the T3 to T5 vertebral body
levels. Spinal cord lesion length (defined as the number
of vertebral bodies spanned) was not significantly differ-
ent between the good and poor EDSS outcome groups
(p =0.84; Table 1). We plotted the topographic distribu-
tion of LETM according to positive and negative serum
anti-AQP4 antibody results, and we found that the
serum anti-AQP4 antibody-positive group had more fre-
quent lesions at the cervical levels (C1-C5), while the
anti-AQP4 antibody-negative group had more frequent
lesions at the upper thoracic levels (Fig. 3b). The axial
pattern of MRI lesions, bright spotty lesions and Gd en-
hancement in MRI did not show significant differences

by EDSS score classification or serum anti-AQP4 anti-
body status classification.

Discussion

In the current study, we retrospectively analyzed clinical
characteristics, anti-AQP4 antibody levels, imaging features
and EDSS scores in 22 patients with NMOSD. We found
that three-month EDSS scores showed significant associa-
tions with EDSS scores and all-limb muscle power scores at
the nadir but not with onset age, length of LETM or serum
anti-AQP4 antibody levels. Patients with NMOSD who had
positive serum anti-AQP4 antibody results were more likely
to have upper to middle cervical lesions, while NMOSD
patients with negative serum AQP4 antibody results were
more likely to have upper thoracic lesions.

Three-month EDSS scores and clinical features
Our recent prospective observational study showed that
the 4-year conversion rate from first-episode idiopathic
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Table 1 Comparisons of demographic factors, clinical parameters, anti-AQP4 antibody status and MRI features between the good

and poor three-month EDSS outcome groups

Group Good outcome (EDSS <4, N =9) Poor outcome (EDSS >4, N =13) p-values
Onset age (years) 431+176 426+9.1 0.74
Onset to nadir time (days) 79+65 8.7+6.1 0.71
Initial symptoms 0.68
Optic neuritis 2 2
Spinal cord lesions 7 11
All-limb muscle power (MRC score) 174+37 147 +25 0.01
Upper-limb muscle power (MRC score) 48+04 45+06 0.10
Lower-limb muscle power (MRC score) 39+16 29411 0.01
EDSS scores at the nadir 43+25 79+14 < 001
Three-month all-limb muscle power (MRC scores) 19.1+09 162+26 <001
Three-month upper-limb muscle power (MRC scores) 49+02 45+05 0.02
Three-month lower-limb muscle power (MRC scores) 4604 3612 < 001
Three-month EDSS scores 25+07 58+13 < 001
Sphincter incontinence (Y:N) 2:7 6:7 0.25
Follow-up period (Months) 108.1 +£255 744+ 586 0.12
Relapse episodes 46126 57459 0.97
Anti-AQP4 antibody level (Unit/mL) 674+814 125.1+982 027
Anti-AQP4 antibody status (Negative: Positive) 2:7 1:12 033
MRI features
The length of spinal cord lesions (vertebral body span) 49+17 49+14 0.84
Axial anterior pattern (Y:N) 1:8 211 0.77
Axial central pattern (Y:N) 5:4 8:5 0.78
Axial lateral pattern (Y:N) 5:4 6:7 0.66
Axial posterior pattern (Y:N) 36 76 034
Bright spotty lesions (Y:N) 5:4 9:4 0.51
Gd enhancement (Y:N) 72 7:6 0.64

EDSS Expanded Disability Status Scale, AQP4 aquaporin-4, MRC Medical Research Council, Gd Gadolinium, Y yes, N No

inflammatory demyelinating disease to MS was 14.5%,
while the conversion rate to NMOSD during the same
interval was 3.3%; these rates were lower than those in
Western countries [23]. However, patients with NMOSD
exhibited many relapses (1.0/year) and displayed higher
EDSS scores than conventional MS patients in our
country [10]. Prediction of disease prognosis at an early
point is important because it can assist physicians in
planning future treatments and making decision jointly.
In addition, early implementation of different treatment
strategies and immunotherapies for different subgroups
of NMOSD may be required for the prevention of future
relapses. Kitley et al. and other researchers showed that
ethnicity, sex, onset age and attack phenotype may cor-
relate with relapse rates and clinical outcomes [12, 14].
Based on previous studies [15, 24], MRI and cerebrospinal
fluid variables cannot predict the clinical course or sever-
ity of NMSD, but clinical features can. In addition, several
studies showed that anti-AQP4 antibody status had no

apparent association with EDSS scores in patients with
NMOSD [25-27]. In the current study, significant differ-
ences in lower-limb MRC scores but not upper-limb
MRC scores were found between the good and poor EDSS
outcome groups (p =0.01 and p =0.10, respectively). In
addition, the lower-limb and all-limb muscle power scores
showed a significantly negative association with three-
month EDSS scores; however, onset age, initial symptoms,
serum anti-AQP4 antibody status and length of spinal
cord lesions on MRI were not significantly associated with
three-month EDSS scores in this study. EDSS scores were
associated with lower-limb muscle power scores and
served as a parameter of ambulation at high scores. Before
a patient reaches an EDSS score of 4, upper extremity
function is assessed mainly based on pyramidal, cerebellar,
and sensory functional systems [28]. These results
indicated that the associations between limb muscle
power scores and EDSS scores were mainly based on
lower-limb function.
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Fig. 2 Three-month EDSS scores associated with EDSS scores at the
nadir and all-limb MRC scores. a: There was a significantly positive
association between EDSS at the nadir and three-month EDSS
scores. b: There was a significantly negative correlation between the
all-limb muscle power scores and the three-month EDSS scores in
patients with NMOSD

Characteristics of spinal cord lesions in patients with NMOSD
Regarding the topographic distribution of LETM, most
of the lesions were at the cervical levels (C3-C6), and the
second most common lesion location was at the upper
thoracic levels (T2-T5). Lesions predominantly involving
the cervicomedullary junction are a common feature in
anti-AQP4 antibody-related NMOSD [29]. These loca-
tions were different from those of vascular insult to the
spinal cord (spinal cord infarction), in which lesions
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Fig. 3 Topographical distributions of the spinal cord lesions in
patients with NMOSD according to EDSS classification and anti-
AQP4 antibody status. a. Most of the spinal cord lesions were
located at the middle cervical levels. The poor outcome group had
more T3-T5 vertebral body lesions than the good outcome group;
the groups were defined by three-month EDSS scores (> 4: poor
outcome group; < 4: good outcome group). b. The serum anti-AQP4
antibody-positive group had more C1-C5 vertebral body lesions than
the serum anti-AQP4 antibody-negative group, while the serum anti-
AQP4 antibody-negative group had more upper thoracic vertebral
body lesions than the serum anti-AQP4 antibody-positive group

were more frequent in the lower thoracic and lumbar re-
gions [21]. Several reports have shown that acute spinal
cord infarction may mimic myelitis [30, 31]. From an
anatomical point of view, the middle cervical cord re-
ceives its blood supply from radicular arteries fed by the
extracranial vertebral artery, while the upper thoracic
cord receives its blood supply from radicular arteries fed
by the aorta [32, 33]. We speculated that in these areas,
the spinal cord contains abundant collateral circulation
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that is at risk for immune-related pathology [34]. One
pathological study has shown that anti-AQP4 antibody
immunoreactivity and humoral immunity are consist-
ently lost from the early stage of lesion development in
NMOSD, notably in the perivascular regions with
complement and immunoglobulin deposition [35]. These
features of NMOSD are distinct from those of vascular
infarction as well as those of normal controls [36].

Serum anti-AQP4 antibody status associated with the
length of spinal cord lesions

In our study, 86% of patients with NMOSD showed
positive results for serum anti-AQP4 antibody levels.
Previous studies showed anti-AQP4 antibody positivity
ratios ranging from 41 to 80% [10, 37, 38]. Serum anti-
AQP4 antibody status has associations with disease ac-
tivity, progression and relapse episodes in patients with
NMOSD (39, 40]. It has also been demonstrated by MRI
that the status and concentration of serum anti-AQP4
antibodies are associated with the length of spinal cord
lesions and the severity of motor disability [37]. Our
study showed a tendency toward increased spinal cord
lesion length on MRI in the serum anti-AQP4 antibody-
positive group (p = 0.14). However, there were no signifi-
cant differences in all-limb muscle power scores or
relapse episodes between the serum anti-AQP4-positive
and anti-AQP4-negative groups. These results might be
attributed to the small sample size and heterogeneity of
seronegative NMOSD patients in our study.

Limitations

Several limitations of our study should be addressed.
First, only a small number of patients were recruited for
the study. Our cohort included females only, and we also
divided the entire cohort to establish a subgroup of
NMOSD patients presenting mainly with spinal cord le-
sions. Thus, because of selection bias, our results cannot
be generalized to all NMOSD patients. Second, we used
an ELISA rather than a CBA to measure anti-AQP4
antibody status. The former assay has lower sensitivity
(60%) than the latter (68%), which is likely to comprom-
ise the accuracy with which antibody levels are measured
for the correlation with motor disability [41]. In a large
cohort study, the false-positive rate of serum anti-AQP4
measurement by ELISA was 0.5%, which was higher than
the false-positive rate of CBAs (0.1%) [42—44]. Thus, our
findings should be interpreted with caution. In addition,
there were only a few NMOSD patients with negative
serum anti-AQP4 antibody results. From the literature,
approximately 40% of patients with anti-AQP4-negative
NMOSD have positive results for antibodies against
myelin oligodendrocyte glycoprotein (MOG-IgG) [45].
We performed a MOG-IgG study in our anti-AQP4-
negative patients, but only one in three patients (33.3%)
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showed a positive result, which could not be used for
comparisons because of the small number. A previous
study showed that seronegative NMOSD patients exhib-
ited distinct features compared with seropositive pa-
tients, such as a lack of female preponderance, frequent
simultaneous involvement of the bilateral optic nerves, a
lower annual relapse rate, and fewer spinal cord lesions
[46]. In our study, we did not observe similar findings,
possibly because there were too few patients in this
group. Third, NMOSD patients in our study received
different treatments, which might be a confounding fac-
tor for the relapse rate. Different immunotherapies may
affect future relapse rates [47]. The time lapse between
the onset of symptoms and the initiation of treatment
may be another confounding factor [48]. In our study,
most of the patients were treated with various doses of
prednisolone with or without various immunosuppres-
sants. A long-term prospective study to analyze the ef-
fects of medication on relapse episodes in a large sample
of NMOSD patients is warranted.

Conclusions

In patients with NMOSD, EDSS scores and MRC scores
at the nadir were significantly associated with three-
month EDSS scores. The serum anti-AQP4-positive
group had a tendency toward a greater LETM than the
serum anti-AQP4 antibody-negative group. Further
studies will be needed to verify this finding due to the
small sample size and the heterogeneity of seronegative
patients in our study.

Acknowledgements

This study was supported by the Chang Gung Memorial Hospital, Linkou,
Taiwan (Grant number: CMRPG3H1131). The funder had no role in the study
design, data collection, analysis, decision to publish or preparation of the
manuscript.

Authors’ contributions

Jung Lung Hsu, MD, PhD, Designed and conceptualized the study, analyzed
the data, drafted the manuscript for intellectual content; Ming-Feng Liao,
MD, Major role in the acquisition of data; Kuo-Hsuan Chang, MD, PhD, Major
role in the acquisition of data; Mei-Yun Cheng, MD, Major role in the
acquisition of data; Long-Sun Ro, MD, PhD, Interpreted the data; revised the
manuscript for intellectual content. The author(s) read and approved the final
manuscript.

Funding
This study was supported by the Chang Gung Memorial Hospital, Linkou,
Taiwan (Grant number: CMRPG3H1131).

Availability of data and materials
Additional clinical data are available from laboratory studies. Please contact
LSR at cgrols@adm.cgmh.org.tw if this information is of interest.

Declarations

Ethics approval and consent to participate

The study protocol was approved by the institutional review board of the
Chang Gung Memorial Hospital (IRB number: 201800769B0). All methods
were performed in accordance with the relevant guidelines and regulations.
The IRB of Chang Gung Memorial Hospital approves the waiver of the
participants’ informed consent.


mailto:cgrols@adm.cgmh.org.tw

Hsu et al. BMC Neurology (2021) 21:153

Consent for publication
all authors consent for publication.

Competing interests
The authors declare no conflicts of interest.

Author details

'Department of Neurology, New Taipei Municipal TuCheng Hospital, Chang
Gung Memorial Hospital and Chang Gung University, New Taipei City,
Taiwan. “Department of Neurology, Chang Gung Memorial Hospital Linkou
Medical Center and College of Medicine, Chang-Gung University, Linkou,
Taoyuan, Taiwan. 3Graduate Institute of Mind, Brain, & Consciousness, Taipei
Medical University, Taipei, Taiwan. “Brain & Consciousness Research Center,
Shuang Ho Hospital, New Taipei City, Taiwan. “Institute of Molecular
Medicine, National Tsing Hua University, Hsinchu, Taiwan.

Received: 31 October 2020 Accepted: 24 March 2021
Published online: 09 April 2021

References

1. Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W, Chitnis T, et al.
International consensus diagnostic criteria for neuromyelitis optica spectrum
disorders. Neurology. 2015;85(2):177-89. https://doi.org/10.1212/WNL.
0000000000001729.

2. Jarius S, Paul F, Weinshenker BG, Levy M, Kim HJ, Wildemann B.
Neuromyelitis optica. Nat Rev Dis Primers. 2020,6(1):85. https://doi.org/10.1
038/541572-020-0214-9.

3. Jarius S, Franciotta D, Paul F, Ruprecht K, Bergamaschi R, Rommer PS, et al.
Cerebrospinal fluid antibodies to aquaporin-4 in neuromyelitis optica and
related disorders: frequency, origin, and diagnostic relevance. J
Neuroinflammation. 2010;7(1):52. https://doi.org/10.1186/1742-2094-7-52.

4. Crout TM, Parks LP, Majithia V. Neuromyelitis Optica (Devic's Syndrome): an
Appraisal. Curr Rheumatol Rep. 2016;18(8):54. https://doi.org/10.1007/51192
6-016-0599-3.

5. Flanagan EP, Cabre P, Weinshenker BG, Sauver JS, Jacobson DJ, Majed M,
et al. Epidemiology of aquaporin-4 autoimmunity and neuromyelitis optica
spectrum. Ann Neurol. 2016;79(5):775-83. https://doi.org/10.1002/ana.24617.

6.  Filippi M, Bar-Or A, Piehl F, Preziosa P, Solari A, Vukusic S, et al. Multiple
sclerosis. Nat Rev Dis Primers. 2018:4(1):43. https://doi.org/10.1038/541572-01
8-0041-4.

7. Pandit L, Asgari N, Apiwattanakul M, Palace J, Paul F, Leite M|, et al.
Demographic and clinical features of neuromyelitis optica: a review. Mult
Scler. 2015;21(7):845-53. https.//doi.org/10.1177/1352458515572406.

8. Houzen H, Kondo K, Niino M, Horiuchi K, Takahashi T, Nakashima |, et al.
Prevalence and clinical features of neuromyelitis optica spectrum disorders
in northern Japan. Neurology. 2017;89(19):1995-2001. https://doi.org/1
0.1212/WNL.0000000000004611.

9. Hor JY, Asgari N, Nakashima |, Broadley SA, Leite MI, Kissani N, et al.
Epidemiology of Neuromyelitis Optica Spectrum disorder and its prevalence
and incidence worldwide. Front Neurol. 2020;11:501. https:;//doi.org/10.33
89/fneur.2020.00501.

10.  Wang KC, Tsai CP, Lee CL, Chen SY, Chen SJ. The prevalence of long spinal
cord lesions and anti-aquaporin 4 antibodies in neuromyelitis optica
patients in Taiwan. Eur Neurol. 2011,65(2):99-104. https://doi.org/10.1159/
000322740.

11. Collongues N, Cabre P, Marignier R, Zephir H, Papeix C, Audoin B, et al. A
benign form of neuromyelitis optica: does it exist? Arch Neurol. 2011,68(7):
918-24. https;//doi.org/10.1001/archneurol.2011.127.

12. Palace J, Lin DY, Zeng D, Majed M, Elsone L, Hamid S, et al. Outcome
prediction models in AQP4-IgG positive neuromyelitis optica spectrum
disorders. Brain. 2019;142(5):1310-23. https.//doi.org/10.1093/brain/awz054.

13. Chang KH, Lyu RK, Chen CM, Wu YR, Chang HS, Huang CC, et al. Distinct
features between longitudinally extensive transverse myelitis presenting
with and without anti-aquaporin 4 antibodies. Mult Scler. 2013;19(3):299-
307. https://doi.org/10.1177/1352458512451659.

14. Kitley J, Leite MI, Nakashima I, Waters P, McNeillis B, Brown R, et al.
Prognostic factors and disease course in aquaporin-4 antibody-positive
patients with neuromyelitis optica spectrum disorder from the United
Kingdom and Japan. Brain. 2012;135(Pt 6):1834-49. https.//doi.org/10.1093/
brain/aws109.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

Page 8 of 9

Wingerchuk DM, Hogancamp WF, O'Brien PC, Weinshenker BG. The clinical
course of neuromyelitis optica (Devic's syndrome). Neurology. 1999;53(5):
1107-14. https://doi.org/10.1212/wnl.53.5.1107.

Wingerchuk DM, Lennon VA, Pittock SJ, Lucchinetti CF, Weinshenker BG.
Revised diagnostic criteria for neuromyelitis optica. Neurology. 2006;66(10):
1485-9. https://doi.org/10.1212/01.wnl.0000216139.44259.74.

Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded
disability status scale (EDSS). Neurology. 1983;33(11):1444-52. https://doi.
0rg/10.1212/wnl.33.11.1444.

Matsuoka T, Matsushita T, Kawano Y, Osoegawa M, Ochi H, Ishizu T, et al.
Heterogeneity of aquaporin-4 autoimmunity and spinal cord lesions in
multiple sclerosis in Japanese. Brain. 2007;130(Pt 5):1206-23. https://doi.
0rg/10.1093/brain/awm027.

Waters P, Woodhall M, O'Connor KC, Reindl M, Lang B, Sato DK, et al. MOG
cell-based assay detects non-MS patients with inflammatory neurologic
disease. Neurol Neuroimmunol Neuroinflamm. 2015;2(3):€89. https://doi.
0org/10.1212/NX1.0000000000000089.

Kim HJ, Paul F, Lana-Peixoto MA, Tenembaum S, Asgari N, Palace J, et al.
MRI characteristics of neuromyelitis optica spectrum disorder: an
international update. Neurology. 2015;84(11):1165-73. https;//doi.org/1
0.1212/WNL.0000000000001367.

Barreras P, Fitzgerald KC, Mealy MA, Jimenez JA, Becker D, Newsome SD,
et al. Clinical biomarkers differentiate myelitis from vascular and other
causes of myelopathy. Neurology. 2018;90(1):e12-21. https;//doi.org/1
0.1212/WNL.0000000000004765.

Pekcevik Y, Mitchell CH, Mealy MA, Orman G, Lee IH, Newsome SD,

et al. Differentiating neuromyelitis optica from other causes of
longitudinally extensive transverse myelitis on spinal magnetic
resonance imaging. Mult Scler. 2016;22(3):302-11. https://doi.org/10.11
77/1352458515591069.

Ro LS, Yang CC, Lyu RK, Lin KP, Tsai TC, Lu SR, et al. A prospective,
observational study on conversion of clinically isolated syndrome to
multiple sclerosis during 4-year period (MS NEO study) in Taiwan. PLoS One.
2019;14(7):20202453. https://doi.org/10.1371/journal.pone.0202453.
Wingerchuk DM, Weinshenker BG. Neuromyelitis optica: clinical predictors
of a relapsing course and survival. Neurology. 2003;60(5):848-53. https://doi.
0rg/10.1212/01.wnl.0000049912.02954.2c.

Bichuetti DB, Oliveira EM, Souza NA, Rivero RL, Gabbai AA. Neuromyelitis
optica in Brazil: a study on clinical and prognostic factors. Mult Scler. 2009;
15(5):613-9. https;//doi.org/10.1177/1352458508101935.

Matsushita T, Isobe N, Matsuoka T, Shi N, Kawano Y, Wu XM, et al.
Aquaporin-4 autoimmune syndrome and anti-aquaporin-4 antibody-
negative opticospinal multiple sclerosis in Japanese. Mult Scler. 2009;15(7):
834-47. https.//doi.org/10.1177/1352458509104595.

Matsushita T, Isobe N, Piao H, Matsuoka T, Ishizu T, Doi H, et al. Reappraisal
of brain MRI features in patients with multiple sclerosis and neuromyelitis
optica according to anti-aquaporin-4 antibody status. J Neurol Sci. 2010;
291(1-2):37-43. https://doi.org/10.1016/}jns.2010.01.009.

Cinar BP, Yorgun YG. What We Learned from The History of Multiple
Sclerosis Measurement: Expanded Disability Status Scale. Noro Psikiyatr Ars.
2018;55(Suppl 1):569-75. https://doi.org/10.29399/npa.23343.

Chee CG, Park KS, Lee JW, Ahn HW, Lee E, Kang Y, et al. MRI features of
Aquaporin-4 antibody-positive longitudinally extensive transverse myelitis:
insights into the diagnosis of Neuromyelitis Optica Spectrum disorders.
AINR Am J Neuroradiol. 2018;39(4):782-7. https.//doi.org/10.3174/ajnr.A5551.
Abou Al-Shaar H, AbouAl-Shaar |, Al-Kawi MZ. Acute cervical cord infarction
in anterior spinal artery territory with acute swelling mimicking myelitis.
Neurosciences (Riyadh). 2015;20(4):372-5. https;//doi.org/10.17712/nsj.201
54.20150109.

Pawar NH, Loke E, Aw DC. Spinal Cord Infarction Mimicking Acute Transverse
Myelitis. Cureus. 2017,9(12):e1911. https//doi.org/10.7759/cureus.1911.
Colman MW, Hornicek FJ, Schwab JH. Spinal cord blood supply and its
surgical implications. J Am Acad Orthop Surg. 2015;23(10):581-91. https://
doi.org/10.5435/JAAOS-D-14-00219.

Dommisse GF. The blood supply of the spinal cord. A critical vascular zone
in spinal surgery. J Bone Joint Surg Br. 1974;56(2):225-35.

Montalbano MJ, Loukas M, Oskouian RJ, Tubbs RS. Innervation of the blood
vessels of the spinal cord: a comprehensive review. Neurosurg Rev. 2018;
41(3):733-5. https.//doi.org/10.1007/510143-016-0788-6.

Misu T, Fujihara K, Kakita A, Konno H, Nakamura M, Watanabe S, et al.
Loss of aquaporin 4 in lesions of neuromyelitis optica: distinction from


https://doi.org/10.1212/WNL.0000000000001729
https://doi.org/10.1212/WNL.0000000000001729
https://doi.org/10.1038/s41572-020-0214-9
https://doi.org/10.1038/s41572-020-0214-9
https://doi.org/10.1186/1742-2094-7-52
https://doi.org/10.1007/s11926-016-0599-3
https://doi.org/10.1007/s11926-016-0599-3
https://doi.org/10.1002/ana.24617
https://doi.org/10.1038/s41572-018-0041-4
https://doi.org/10.1038/s41572-018-0041-4
https://doi.org/10.1177/1352458515572406
https://doi.org/10.1212/WNL.0000000000004611
https://doi.org/10.1212/WNL.0000000000004611
https://doi.org/10.3389/fneur.2020.00501
https://doi.org/10.3389/fneur.2020.00501
https://doi.org/10.1159/000322740
https://doi.org/10.1159/000322740
https://doi.org/10.1001/archneurol.2011.127
https://doi.org/10.1093/brain/awz054
https://doi.org/10.1177/1352458512451659
https://doi.org/10.1093/brain/aws109
https://doi.org/10.1093/brain/aws109
https://doi.org/10.1212/wnl.53.5.1107
https://doi.org/10.1212/01.wnl.0000216139.44259.74
https://doi.org/10.1212/wnl.33.11.1444
https://doi.org/10.1212/wnl.33.11.1444
https://doi.org/10.1093/brain/awm027
https://doi.org/10.1093/brain/awm027
https://doi.org/10.1212/NXI.0000000000000089
https://doi.org/10.1212/NXI.0000000000000089
https://doi.org/10.1212/WNL.0000000000001367
https://doi.org/10.1212/WNL.0000000000001367
https://doi.org/10.1212/WNL.0000000000004765
https://doi.org/10.1212/WNL.0000000000004765
https://doi.org/10.1177/1352458515591069
https://doi.org/10.1177/1352458515591069
https://doi.org/10.1371/journal.pone.0202453
https://doi.org/10.1212/01.wnl.0000049912.02954.2c
https://doi.org/10.1212/01.wnl.0000049912.02954.2c
https://doi.org/10.1177/1352458508101935
https://doi.org/10.1177/1352458509104595
https://doi.org/10.1016/j.jns.2010.01.009
https://doi.org/10.29399/npa.23343
https://doi.org/10.3174/ajnr.A5551
https://doi.org/10.17712/nsj.2015.4.20150109
https://doi.org/10.17712/nsj.2015.4.20150109
https://doi.org/10.7759/cureus.1911
https://doi.org/10.5435/JAAOS-D-14-00219
https://doi.org/10.5435/JAAOS-D-14-00219
https://doi.org/10.1007/s10143-016-0788-6

Hsu et al. BMC Neurology (2021) 21:153 Page 9 of 9

multiple sclerosis. Brain. 2007;130(Pt 5):1224-34. https.//doi.org/10.1093/
brain/awmo047.

36. Hsu JL, Cheng MY, Liao MF, Hsu HC, Weng YC, Chang KH, et al. A
comparison between spinal cord infarction and neuromyelitis optica
spectrum disorders: Clinical and MRI studies. Sci Rep. 2019;9(1):7435. https://
doi.org/10.1038/541598-019-43606-8.

37. Jarius S, Ruprecht K, Wildemann B, Kuempfel T, Ringelstein M, Geis C, et al.
Contrasting disease patterns in seropositive and seronegative neuromyelitis
optica: a multicentre study of 175 patients. J Neuroinflammation. 2012;9(1):
14. https://doi.org/10.1186/1742-2094-9-14.

38, Jarius S, Wildemann B, Paul F. Neuromyelitis optica: clinical features,
immunopathogenesis and treatment. Clin Exp Immunol. 2014;176(2):149-64.
https.//doi.org/10.1111/cei12271.

39. Jarius S, Paul F, Franciotta D, Waters P, Zipp F, Hohlfeld R, et al. Mechanisms
of disease: aquaporin-4 antibodies in neuromyelitis optica. Nat Clin Pract
Neurol. 2008;4(4):202-14. https://doi.org/10.1038/ncpneuro0764.

40.  Zhou H, Zhao S, Yin D, Chen X, Xu Q, Chen T, et al. Optic neuritis: a 5-year
follow-up study of Chinese patients based on aquaporin-4 antibody status
and ages. J Neurol. 2016;263(7):1382-9. https://doi.org/10.1007/500415-016-
8155-7.

41. Waters PJ, McKeon A, Leite MI, Rajasekharan S, Lennon VA, Villalobos A,
et al. Serologic diagnosis of NMO: a multicenter comparison of aquaporin-4-
I9G assays. Neurology. 2012;78(9):665-71; discussion 9. https://doi.org/1
0.1212/WNL.0b013e318248dec.

42. Pittock SJ, Lennon VA, Bakshi N, Shen L, McKeon A, Quach H, et al.
Seroprevalence of aquaporin-4-IgG in a northern California population
representative cohort of multiple sclerosis. JAMA Neurol. 2014;71(11):1433-6.
https://doi.org/10.1001/jamaneurol.2014.1581.

43, Waters P, Reindl M, Saiz A, Schanda K, Tuller F, Kral V, et al. Multicentre
comparison of a diagnostic assay: aquaporin-4 antibodies in neuromyelitis
optica. J Neurol Neurosurg Psychiatry. 2016;87(9):1005-15. https://doi.org/1
0.1136/jnnp-2015-312601.

44. Franciotta D, Gastaldi M, Sala A, Andreetta F, Rinaldi E, Ruggieri M,
et al. Diagnostics of the neuromyelitis optica spectrum disorders
(NMOSD). Neurol Sci. 2017;38(Suppl 2):231-6. https://doi.org/10.1007/s1
0072-017-3027-1.

45.  Rosenthal JF, Hoffman BM, Tyor WR. CNS inflammatory demyelinating
disorders: MS, NMOSD and MOG antibody associated disease. J Investig
Med. 2020;68(2):321-30. https://doi.org/10.1136/jim-2019-001126.

46.  Siritho S, Apiwattanakul M, Nakashima |, Takahashi T, Fujihara K,
Prayoonwiwat N. Features of anti-aquaporin 4 antibody-seronegative Thai
patients with neuromyelitis optica spectrum disorders: a comparison with
seropositive cases. J Neurol Sci. 2014;341(1-2):17-21. https;//doi.org/10.101
6/jjns.2014.03.033.

47, Stellmann JP, Krumbholz M, Friede T, Gahlen A, Borisow N, Fischer K, et al.
Immunotherapies in neuromyelitis optica spectrum disorder: efficacy and
predictors of response. J Neurol Neurosurg Psychiatry. 2017,88(8):639-47.
https://doi.org/10.1136/jnnp-2017-315603.

48. Kleiter |, Gahlen A, Borisow N, Fischer K, Wernecke KD, Hellwig K, et al.
Apheresis therapies for NMOSD attacks: A retrospective study of 207
therapeutic interventions. Neurol Neuroimmunol Neuroinflamm. 2018;5(6):
e504. https://doi.org/10.1212/NX1.0000000000000504.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1093/brain/awm047
https://doi.org/10.1093/brain/awm047
https://doi.org/10.1038/s41598-019-43606-8
https://doi.org/10.1038/s41598-019-43606-8
https://doi.org/10.1186/1742-2094-9-14
https://doi.org/10.1111/cei.12271
https://doi.org/10.1038/ncpneuro0764
https://doi.org/10.1007/s00415-016-8155-7
https://doi.org/10.1007/s00415-016-8155-7
https://doi.org/10.1212/WNL.0b013e318248dec1
https://doi.org/10.1212/WNL.0b013e318248dec1
https://doi.org/10.1001/jamaneurol.2014.1581
https://doi.org/10.1136/jnnp-2015-312601
https://doi.org/10.1136/jnnp-2015-312601
https://doi.org/10.1007/s10072-017-3027-1
https://doi.org/10.1007/s10072-017-3027-1
https://doi.org/10.1136/jim-2019-001126
https://doi.org/10.1016/j.jns.2014.03.033
https://doi.org/10.1016/j.jns.2014.03.033
https://doi.org/10.1136/jnnp-2017-315603
https://doi.org/10.1212/NXI.0000000000000504

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Study design and patient population
	Evaluation of MRI parameters
	Statistical analyses

	Results
	Discussion
	Three-month EDSS scores and clinical features
	Characteristics of spinal cord lesions in patients with NMOSD
	Serum anti-AQP4 antibody status associated with the length of spinal cord lesions
	Limitations

	Conclusions
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

