L))

Check for
updat

Original Article

Identification of the clinical and neuroimaging characteristics in
children with neuromyelitis optica spectrum disorders: a case
series
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Background: Childhood neuromyelitis optica spectrum disorders (NMOSDs) may cause visual impairment
and brain or spinal cord damage, and the effects may be permanent if left untreated. Since the incidence of
NMOSD cases in children is relatively low, the understanding of NMOSD among children is inadequate.
Methods: This investigation examined the clinical and neuroimaging characteristics of childhood NMOSD.
We retrospectively analyzed the clinical information of 11 NMOSD patients admitted to our centre from
2012 to 2021. The disease status was assessed by the Expanded Disability Status Scale (EDSS) score.
Results: The two major symptoms observed in the study cohort were optic neuritis (ON) (9/11) and
encephalopathy (7/11). Antibody tests were performed on 8 children, 2 of whom showed serum aquaporin 4
(AQP4) antibody positivity, and another 2 presented with serum myelin oligodendrocyte glycoprotein (MOG)
antibody positivity. All patients showed white matter hyperintensity on magnetic resonance imaging (MRI)
scans. Interestingly, a rare radiological sign, enlarged perivascular space (PVS), which is more commonly
observed in the elderly or adults, was found in 4 participants with more severe clinical manifestations.
Conclusions: While NMOSD in children is less commonly diagnosed through clinical evaluations, the
symptoms of ON and encephalopathy should raise the possibility of the disease. As the diagnosis of NMOSD
in children is relatively difficult, enlarged PVS may represent a promising biomarker for the diagnosis and
evaluation of NMOSD.
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Introduction (ON) and acute long-segment myelitis. At present, the exact

Neuromyelitis optica spectrum disorder (NMOSD) cause of the disease is still not very clear. Many factors such as

encompasses a group of immune-mediated demyelinating
diseases of the central nervous system that are mainly onset of NMOSD. The incidence of NMOSD ranges from

infection, immunity, and environment may be related to the

characterized by monophasic or recurrent optic neuritis 0.05 to 4 in every 100,000 individuals. Approximately 3-4%
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of NMOSD patients develop the disease in childhood (1),
and if not diagnosed in a timely manner, the condition
may cause visual impairment and brain or spinal cord
damage, which can seriously impact their growth and
development, as well as their long-term quality of life (2).
Therefore, it is vital to gain further insights into the clinical
characteristics and improve its early diagnosis. In particular,
some neuroimaging characteristics can help early and
rapid diagnosis of NMOSD. Clinical and neuroimaging
characteristics of children with NMOSD are different from
those of adult patients. Unfortunately, due to the small
number of childhood cases, there is a paucity of studies
related to childhood NMOSD. This current investigation
summarized the general clinical characteristics of childhood
NMOSD, as well as the related imaging data. We present
the following article in accordance with the AME Case
Series reporting checklist (available at https://dx.doi.
org/10.21037/tp-21-370).

Methods

This investigation retrospectively analyzed the clinical
data of 11 patients with NMOSD who were admitted to
our hospital from March 2012 to August 2021. All study
protocols were evaluated and approved by the Clinical Trial
Ethics Committee of Huazhong University of Science and
"Technology, which approved our application for exemption
from ethical review considering that this is a retrospective
clinical study. Patients were included in this study if they
met the diagnostic criteria of NMOSD as specified by the
international expert group in 2015 (3). With the improvement
of these criteria in recent years, the number of children
with a clinical diagnosis of NMOSD has increased (4).
Informed consent was obtained from the patients’ parents
or legal guardians. The clinical features including clinical
manifestations, laboratory test results, and imaging data
were examined at various stages of the disease.

Antibodies against aquaporin-4 (AQP4-IgQG) are a highly
sensitive and specific serum biomarker for NMOSD (5).
Serum and cerebrospinal fluid (CSF) samples were obtained
from patients and sent to the Kangshengda Medical
Laboratory Co., Ltd. (Kit: AQP4, MOG autoantibody
detection kit. Item No.: MT216-16. Reagent manufacturer:
Shanxi Maiyuan Bio) to test for the presence of AQP4-
IgG and myelin oligodendrocyte glycoprotein antibody
(MOG-IgQG). Patients were then divided into serum
AQP4-IgG positive status, AQP4-IgG negative status, or
unknown status. The disease status of patients was evaluated
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using the Expanded Disability Status Scale (EDSS). The
evaluation included visual function, brain stem function,
vertebral function, cerebellar function, sensory function,
bladder rectal function, and brain function such as walking
ability and daily life activities. Each system was graded
from normal (0 point) to exemplifying the most severe
defects (5-6 points), and the scores of each system were
combined to obtain the comprehensive EDSS score. All
MRI scans were performed as part of the initial clinical
routine in our institution. In all cerebral MRI (¢cMRI) scans,
a field strength of 3 T was used. In almost all patients, the
following standard sequences were used: T2-weighted fast

spin echo, T1 spin echo, and fluid attenuated inversion
recovery (FLAIR).

Statistical analysis

Binary categorical variables were summarised as counts
(percentages). The association between serum complement
and EDSS scores in acute phase was tested via the
Spearman’s rank-order correlation. All 2-tailed probability
values <0.05 were considered statistically significant. All
statistical analyses were performed with SPSS 22.0. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Results
Patient information and clinical manifestation

A total of 11 children were included in the study, all of
whom were diagnosed with NMOSD for the first time.
Among these children, there were 7 females and 4 males.
The median onset age was 85 months. None of the patients
presented with a family history of similar diseases, and no
vaccination-related incentives were found.

Most (9/11) children presented with ON, mainly
manifested as unilateral or bilateral blurred vision and
decreased vision. One patient presented with symptoms
of eye pain and the latency of visual evoked potential
was prolonged, but there was no obvious abnormality on
ophthalmologic examination at the initial onset. However,
at the first recurrence 22 months after initial onset, the
visual acuity of the left eye decreased significantly. Transient
blindness was observed in 3 children and two patients
presented with ipsilateral eye pain. A total of 7 patients
had encephalopathy, which mainly manifested as dizziness,
experiencing darkness, unstable walking, syncope, and limb
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Table 1 Baseline characteristics for all 11 children
First symptoms AQP4 MOG MRI
Patient Age Gender Spinal
(months) Optic neuritis Myelitis Encephalopathy Others Blood CSF Blood CSF cF())rd Head
1 59 F + - + Vomiting - - - - - EPVS
2 79 F + - - - + - + - - WMH
3 72 F + - + - - - + - Swelling WMH
4 130 M + - - - + + - - - WMH
5 60 F + - - - NA NA NA NA - WMH
6 116 F + - - Vomiting; diarrhoea NA NA NA NA - WMH
7 85 F + - + - - - - - - WMH
8 106 F + - + Lethargy; vomiting - - - - - EPVS
9 156 M - + + Lethargy; urinary - - - - Increased EPVS
retention signal
10 84 M + - + Lethargy; headache NA  NA NA NA - WMH
11 86 M - + + Lethargy; dysarthria - - - - Increased EPVS
signal

AQP4, aquaporin 4; MOG, myelin oligodendrocyte glycoprotein; MRI, magnetic resonance imaging; CSF, cerebrospinal fluid; M, male; F,
female; WMH, white matter hyperintensity; EPVS, enlarged perivascular space; NA, not applicable.

Table 2 Serum complement C4 levels and EDSS scores

Case number 1 2 3 4 5 7 8 9 10 11
Serum C4 (g/L) 0.27 0.35 0.11 0.12 NA 0.14 0.12 0.25 0.29 0.21
First EDSS score 3.5 1 2 4 4.5 2 2 1.5 1.5 1.5

The normal reference range for serum complement in children is 0.16 to 0.38 g/L. EDSS, Expanded Disability Status Scale; NA, not

applicable.

convulsions. There were 4 patients whose ¢cMRI results
showed enlarged perivascular spaces (PVS). These children
experienced more severe headaches and dizziness, and two
showed obvious walking instability. No obvious myelitis
manifestations were detected in any of the 8 patients.
Nonspecific manifestations included significant vomiting
in 3 cases, poor appetite in 2 cases, lethargy in 1 case,
dysarthria in 1 case, and diarrhoea in 1 case (Table 1). A total
of 10 children underwent EDSS evaluation at the time of
first admission and the results are shown in Table 2.

Supplementary examination

Blood and cerebral spinal fluid testing
Immune function was examined in 9 patients and there
were 4 cases of serum complement C4 levels that were
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lower than normal (7able 2). The correlation between serum
complement C4 levels and acute EDSS score in children
was not statistically significant.

AQP4 and MOG tests were conducted in 8 patients.
There were 2 patients who were positive for serum AQP-4
antibodies and 2 patients who were positive for MOG
antibodies. One patient’s CSF was positive for AQP-4
antibodies (Tiable 1).

Imaging examination

All children underwent cMRI scans and all imaging results
were abnormal. The main manifestations were different
signal lengths, slightly longer T2 signals with different
distribution shapes, and slightly higher signals on FLAIR.
There were 10 cases with lesions involving the frontal
and parietal lobes, 7 cases involving unilateral or bilateral
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Figure 1 Magnetic resonance imaging of children with neuromyelitis optica spectrum disorders. (A,B) Brain lesions in the white matter and

cerebellum of the patients (indicated by the yellow arrows); (C) a spinal MRI of a patient showing a slight swelling of the cervical spinal cord

(indicated by the yellow arrow); (D) MRI showing bilateral optic nerve thickening, involving the full length of the optic nerve and the optic

chiasm (indicated be the yellow arrow). MRI, magnetic resonance imaging; NMOSD, neuromyelitis optica spectrum disorders.

semioval centres, and 5 cases involving occipital lobes.
Spinal MRI was performed in 7 patients, and only 3 had
abnormal findings (Figure 1). Enlarged PVS was observed
on cMRI in 4 patients, all were localized in the centre of the
semioval region, which showed high signal oval or linear
lesions on the T2-weighted image, with a diameter between
1-3 mm (Figure 2).

Discussion

In this study cohort, 7 of the 11 participants were female
(63.6%), which is close to the gender distribution reported
in previous studies (6). Although the incidence of NMOSD
is quite different in men and women, a large-scale study
showed no significant difference between males and females
in disease onset form, long-term EDSS score, nor disease
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outcome (7). None of the patients in this study presented
with positive family history, but some cases were reported
to have familial clusters (8). Some investigations have
reported that 3% of NMOSD cases showed a pattern of
familial cluster (9), suggesting that the disease may have
a genetic component. NMOSD can be differentiated
from other central nervous system inflammatory diseases
including multiple sclerosis and acute disseminated
encephalomyelitis through clinical and neuroimaging
characteristics, laboratory tests, and other tests. The most
common symptom of NMOSD in children is ON, which
manifests as decreased visual acuity involving unilateral or
bilateral visual field defects. Most children in this study
presented with ON. In patient 2, the symptoms of optic
nerve inflammation were not obvious at the initial onset,
but visual acuity decreased with disease recurrence. This
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Figure 2 Signs (in the yellow frame) of enlarged perivascular space in children with neuromyelitis optica spectrum disorders. (A,C) T2 scans

show enlarged PVS, especially in the centrum semiovale; (B,D) T2-FLAIR scans show hypointense signals in same regions. Note: Images

(A,B) were taken from one child, while images (C,D) were taken from another child. PVS, perivascular spaces; FLAIR, fluid attenuated

inversion recovery; NMOSD, neuromyelitis optica spectrum disorders.

indicated that some children with NMOSD have mild
optic nerve damage at onset, but obvious visual impairment
can develop over the course of the disease. A total of 7
patients (63.6%) experienced encephalopathy, which was
significantly higher than the incidence of encephalopathy
in adults with NMOSD (25%) and was consistent with
previous studies (10). The main manifestations were
dizziness and darkness. Obvious symptoms of myelitis were
observed in 2 cases this group of children. There were 3
(27.3%) patients with obvious nausea and vomiting. There
have been many reports of intractable hiccup and nausea
(IHN) in children with NMOSD. In fact, in some cases,
INH is the only manifestation of the disease with any
specificity (11).

Since Lennon ez al. (12) reported autoantibodies against
AQP4 as a specific biomarker for neuromyelitis optica
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(NMO) in 2004, serum and CSF AQP4 antibody assays have
played a key role in the diagnosis of NMO and NMOSD.
In this study, 2 patients had serum anti-AQP4 seropositivity,
and 1 patient showed CSF-positivity. The positive detection
rate was lower than that reported in other studies (13) and
may be related to the sensitivity, specificity, and disease
stage of the patient. A decrease in serum complement C4
was observed during the acute phase in some of the children
during the study. Previous serum immunological studies in
adult NMOSD patients have shown a decrease in serum
complement C4 (14) and recent studies have suggested
that complement participation is an important part of
NMOSD pathogenesis (15). Excessive inflammation can
cause increased complement consumption, and therefore,
the decreased serum complement C4 levels may be directly
related to the intensity of the inflammatory response and
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thus to the severity of the disease. However, the correlation
between serum complement C4 levels and acute EDSS
score in was not statistically significant which may due to
the small sample size.

MRI findings of the head and spinal cord serve as
important reference indicators for NMOSD diagnosis.
Children with NMOSD have a wide range of brain
lesions that sometimes lack specificity. The lesions are
mostly in areas with high expression of AQP4, such as the
periventricular area, supratentorial area and underlying
white matter, midbrain, and the cerebellum. In children
who are positive for MOG antibodies, brain damage is more
likely to occur around the ventricles, subcortical lesions,
and the cortex and near the third ventricle (16). In our study
cohort, there were no significant differences in the location
and extent of brain lesions between children whose serum
and CSF were MOG-positive or MOG-negative. Spinal
MRI was performed in 7 patients, and only 3 had abnormal
findings, which was significantly different from observations
in adults. Most children in this group had symptoms of ON,
but only 2 patients had typical optic neuroimaging changes.
Other MRI findings in children with more severe ON
manifestations, such as transient or permanent blindness,
did not show significant changes in the optic nerve. Thus,
the severity of optic neuropathy may not be associated with
imaging findings.

Interestingly, enlarged PVS was observed in the cMRI
scans of 4 NMOSD children (Figure 2). In these cases,
this occurred in the common areas, including the basal
ganglia, the midbrain, and especially in the centre of the
semioval ganglia. The shape was consistent with previous
descriptions (17). The PVS has been suggested as a
pathway for lymphatic drainage of the brain, containing
macrophages, dendritic cells, lymphocytes, and T cells,
which may interact with immune cells (18). Although
enlarged PVS has been found in a proportion of healthy
adults, numerous studies have reported an association
between enlarged PVS and adult neurological diseases, such
as multiple sclerosis, dementia, inflammation and small
vessel disease, cognitive function, and epileptic seizures
(19-22). However, there is little evidence of enlarged PVS
in healthy children and adolescents (23). Indeed, enlarged
PVS in children may reflect the status of diseases such as
moyamoya disease, autism, and PTEN hamartoma tumour
syndrome (PHTS) (24-26), all of which may cause damage
to the cerebral lymphatic system.

The main pathophysiology of NMOSD is the binding of
AQP4-IgG to AQP4 in the central nervous system, which
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then initiates complement- and antibody-dependent cellular
cytotoxicity of target astrocytes (27). The localization of
AQP4 in astrocytic foot processes is consistent with the role
of astrocytes in the development, function, and integrity
of the interface of the PVS (28), and thus, it is plausible
that the PVS will be affected during the onset of NMOSD.
While cases of enlarged PVS in adult NMOSD patients
have been reported (29), to the best of our knowledge,
this is the first study to report evidence of enlarged PVS
in children with NMOSD, which may be indicative of
NMOSD progression. Moreover, 4 children with enlarged
PVS in our centre showed more severe disease status,
with signs of encephalopathy, obvious dizziness, walking
instability, and high EDSS scores. Therefore, enlarged
PVS may be a potential neuroimaging biomarker for
the diagnosis and prognostic assessment of NMOSD in
children. However, due to the extremely low incidence of
the disease in children, our sample size is small. Future
studies involving a larger childhood population are
warranted to verify these observations. Histopathological
confirmation should also be conducted to confirm the
pathophysiology.

This investigation summarized the basic clinical
characteristics and identified a new imaging feature in
children with NMOSD. This feature may be a potential
biomarker for the diagnosis and prognostic evaluation of
NMOSD in children. However, future research involving a
larger childhood NMOSD population is required to clarify
the relationship between enlarged PVS and NMOSD
disease status. Furthermore, the precise mechanisms of
NMOSD pathogenesis remain to be fully elucidated.

Conclusions

Childhood NMOSD is mainly characterized by ON and
brain lesions. Enlarged PVS is a promising new candidate in
the diagnosis and evaluation of this disease. However, more
research is warranted to further clarify the relationship

between enlarged PVS and NMOSD in children.
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