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ABSTRACT

We aimed to describe MRI lesion patterns in cases of NMOSD, aiding diagnosis of the
disease. We retrospectively examined 27 patients with NMOSD, done by two neuroradiologists
evaluating spinal cord, optic nerve and brain lesions. The mean number of involved spinal cord
vertebral segments was 8.32 +4.77 and the median longitudinal length was 11.4 centimeters
(6.8-20.2). Spinal cord involvement > 3 vertebral segments was found in 89.47% of patients.
Concerning the location of spinal cord lesions, 84.21% were cervical, 57.9% were thoracic, and
57.9% were covered cervicomedullary junction. All spinal cord lesions showed both central and
peripheral involvement on axial distribution and 94.74% of spinal cord lesions involved more
than 50% of the cross-sectional area. Bright spotty lesions were found in 42.11% of patients.
Bilateral optic neuritis was found in 83.33% of patients. These lesions involved more than half
of the optic nerve length in 63.64% of patients. Brain MRI abnormalities were found in 88% of
patients. The most frequently involved area was deep/subcortical white matter (76%). The sec-
ond most frequently involved area was periependymal surface (60%).

MRI lesion patterns that are suggestive of NMOSD include longitudinal involvement
of the spinal cord at three or more contiguous vertebral segments, both central and peripheral
involvement on axial distribution which involves more than 50% as well as bilateral optic nerve
involvement, and involvement in more than half of the optic nerve length. Cervical and cervi-
comedullary junction involvement seemed to be more common than thoracic involvement in
Thai patients.
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1. Introduction

Neuromyelitis optica (NMO) is a se-
vere autoimmune inflammatory demyelinat-
ing disease of the central nervous system
(CNS) [1]. NMO is clinically characterized
by severe optic neuritis and transverse mye-
litis [2]. In the past, NMO was classified as a
possible form of multiple sclerosis (MS) due
to similarities in their clinical manifestations.
Recently, NMO has become understood to be
immunopathologically distinct from MS on
the basis of clinical, pathological, and imag-
ing features [1]. The role of autoimmunity in
the etiopathogenesis of NMO was elucidated
in 2004 after the discovery of aquaporin-4-
immunoglobulin G (AQP4-IgG), an antibody
against the astrocyte water channel [1]. The
AQP4 channel is the most abundant water
channel in the CNS; it is highly expressed in
the optic nerve, spinal cord, periventricular
areas, hypothalamus, and subpial regions, as
well as in the brainstem and area postrema
[1]. Moreover, neuromyelitis optica spec-
trum disorder (NMOSD) is a newly emerging
disease spectrum with or without AQP4-IgG
[2]. The demyelination process is not caused
directly by AQP4-IgG, but is rather second-
arily promoted by astrocytic injury [1].
Treatment strategies for attack prevention in
NMOSD and MS differ [3]; moreover, some
MS immunotherapies appear to aggravate
NMOSD, indicating an imperative for early,
accurate diagnosis [3].

Therefore, magnetic resonance imag-
ing (MRI) has become an important tool for
diagnosis of NMOSD, particularly for sero-
negative patients (AQP4-IgG negative) and
for patients whose serologic AQP4-IgG sta-
tus is unknown [1]. MRI has an increasingly
important role in differentiating NMOSD
from other inflammatory disorders of the
CNS, particularly MS [4].

The prevalence of NMOSD in inflam-
matory demyelinating diseases of the CNS is
much higher in Asia than in Western coun-
tries [5-6]. NMOSD is also more common
than MS in Thai patients [7]. Most recent
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studies [8-13] on MRI findings in Asian pop-
ulations were conducted on Japanese, Ko-
rean, and Chinese populations, only a few
studies [14-15] were conducted on Thai pop-
ulations. So, to fill this knowledge gap, we
studied MRI lesion patterns in NMOSD
cases, especially in Thai patients.

The aim of this study was to describe
the MRI lesion patterns in NMOSD in Thai
patients.

2. Materials and Methods
2.1 Patients

This retrospective study was approved
by the Human Ethics Committee of our insti-
tution (Faculty of Medicine, Thammasat
University). We retrospectively reviewed the
medical records of patients with NMOSD at
Thammasat University Hospital, Thailand,
from January 2009 to August 2019. We in-
cluded those who were 18 years or older and
had fulfilled the 2015 International Panel for
NMO Diagnosis (IPND) criteria [2].
Twenty-seven patients were included in our
study. Patient demographic data were col-
lected from the medical records. In AQP4 an-
tibody seronegative patients, the clinical data
were reviewed by a neurologist to confirm
the diagnosis.

2.2 Image acquisition

MRI exams were performed using 1.5
Tesla scanners (Philips Achieva or Siemens
Magnetom Aera) or 3 Tesla scanners (Sie-
mens Magnetom Skyra). For patients who
underwent MRI exams outside our hospital,
images were also imported into our Picture
Archiving and Communication System
(PACS). These imported MRI data were ob-
tained from a diverse array of hospitals using
various MRI scanners. We evaluated the
MRI studies that were obtained during clini-
cal attack of NMOSD diagnosis at our hospi-
tal. Imaging data with motion artifacts that
reduced diagnostic quality were excluded.
Eligibility criteria were as follows: for spinal
cord, both cervical and thoracic (including
conus medullaris) axial and sagittal T2-
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weighted images were analyzed; for optic
nerve, orbital coronal and axial T2-weighted
fat saturated (FS) or short tau inversion re-
covery (STIR) images were analyzed; for
brain, axial T2-weighted and fluid attenua-
tion inversion recovery (FLAIR) images
were analyzed.

2.3 Image assessment

All images were evaluated inde-
pendently by two neuroradiologists (8 and 10
years of experience in neuroimaging). Dis-
crepancies in the assessment of morphologic
features and characteristic signs were re-
solved by consensus. Values were averaged
for the analysis.

For the spine, we counted the number
of involved segments and measured the
length of involvement (in centimeters) on
sagittal T2-weighted images. We also evalu-
ated cervicomedullary junction involvement.
The cervicomedullary junction was defined
as the area between a pontomedullary junc-
tion (as an upper border) and a line connect-
ing the inferior aspect of C1 arch (as a lower
border) on sagittal T2-weighted images. We
identified the axial distribution into central
lesions (which involved gray matter sur-
rounding the central canal), peripheral le-
sions (which did not involve gray matter sur-
rounding the central canal), and both central
and peripheral lesions [10]. The axial extent
of lesions was also assessed, as being either
more or less than 50% of the spinal cord
cross-sectional area. For morphological as-
sessment and characteristic signs, we evalu-
ated the presence of bright spotty lesions (de-
fined as very hyperintense spotty lesions on
axial T2-weighted images: the signal is visu-
ally more hyperintense than that of the sur-
rounding cerebrospinal fluid without flow
void effects [10]), spinal cord swelling, and
spinal cord atrophy. If available, enhance-
ment patterns were classified as patchy en-
hancement, ring enhancement pattern (a ring-
like appearance of gadolinium enhancement
surrounding a central zone of non-enhance-
ment on axial T1-weighted postgadolinium
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sequences [16]), and lens-shaped appearance
(a ring-like appearance of gadolinium en-
hancement surrounding a central zone of
non-enhancement on sagittal T1-weighted
postgadolinium sequences [16]).

For the orbits, we identified laterality
and location (optic nerve, optic chiasm, and
optic tract) of T2-hyperintense lesions on FS
or STIR images. The extent of optic nerve in-
volvement was also assessed, as being either
more or less than half the nerve length. We
evaluated the presence of optic nerve swell-
ing, optic nerve atrophy, and optic nerve en-
hancement (if available T1-weighted post-
gadolinium images).

For the brain, we identified location of
lesions on axial T2-weighted and FLAIR im-
ages (deep/subcortical white matter, white
matter tract, basal ganglia, thalamus, hypo-
thalamus, brainstem, cerebellum, and perie-
pendymal surface). We evaluated character-
istic signs of arch bridge appearance (large,
multifocal, edematous, and heterogeneous
callosal lesions involving the full-thickness
of the corpus callosum on axial T2-weighted
and FLAIR images [17]) and marbled ap-
pearance (edematous and heterogeneous hy-
perintense callosal lesions on sagittal T2-
weighted or FLAIR images [1,4], if availa-
ble). We visually assessed the morphology of
chronic lesions. If T1-weighted postgadolin-
ium images were available, enhancement of
lesions was assessed. Enhancement patterns
were classified as cloud-like enhancement
(patchy and inhomogeneous enhancement
with poorly defined margins [1]), pencil-thin
enhancement (thin linear enhancement along
the surface of the ventricular system [1]) or
flame-like appearance (when pencil-thin en-
hancement is associated with cloud-like en-
hancement [1]).

2.4 Statistical analyses

Continuous variables are expressed as
mean = SD for normal distributions or me-
dian (interquartile range) for non-normal dis-
tributions, while categorical variables are de-
scribed as numbers and percentages.
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3. Results
3.1 Demographics

Of the 27 Thai patients with NMOSD,
24 were female and 3 were male. The mean
age at diagnosis was 49.11 *£12.95 years
(range 25-73 years). Twenty-two patients
(81.48%) were seropositive for AQP4 anti-
bodies. The most frequent presenting symp-
toms were acute myelitis and optic neuritis,
both about 70%. The median time interval
between the symptoms to MRI study was 5
days (interquartile range, 1-21 days) for spi-
nal MRI and 3.5 days (interquartile range, 1-
12.5 days) for orbital MRI. Detailed patient
demographics are summarized in Table 1.

3.2 Spinal cord analyses

Fourteen seropositive NMOSD pa-
tients and 5 seronegative NMOSD patients
had spinal MRI eligible for review. As shown
in Fig. 1, the peak of the location was high in
the cervical spinal regions. Concerning the
location of the spinal cord lesions, 84.21%
(16/19) were in the cervical spinal cord,
57.9% (11/19) were in the thoracic spinal
cord, and 57.9% (11/19) were covered cervi-
comedullary junction (Fig. 2a). The mean
number of vertebral segments in cases of in-
volved spinal cord was 8.32 +4.77 (range 2-
18), and the median longitudinal length was
11.4 centimeters (interquartile range, 6.8-
20.2 centimeters). Spinal cord involvements
of >3 vertebral segments (Fig. 2a) were
found in 89.47% (17/19) of patients.

The spinal cord lesions in all patients
showed both central and peripheral involve-
ment on axial distribution and 94.74%
(18/19) of spinal cord lesions involved more
than 50% of the spinal cord cross-sectional
area (Fig. 2b). Bright spotty lesions (Fig. 2¢)
were found in 42.11% (8/19) of patients. The
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incidence of spinal cord swelling (Fig. 2a)
was 57.9% (11/19), while for spinal cord at-
rophy (Fig. 2d) it was 21.05% (4/19).

Table 1. Patient demographics (n=27)°.

Demographics NMOSD
Number of females 24/27 (88.89%)
Age at onset (mean +SD) (years) 49.11 +£12.95
Ethnicity
— Thai 27/27 (100%)
AQP4-IgG
— Positive 22/27 (81.48%)
— Negative 5/27 (18.52%)
Presenting symptoms °
— Optic neuritis 19/27 (70.37%)
— Acute myelitis 19/27 (70.37%)
— Area postrema syndrome 1/27 (3.70%)
— Acute brainstem syndrome 0/27 (0%)
— Symptomatic narcolepsy or acute 0/27 (0%)
diencephalic clinical syndrome
— Symptomatic cerebral syndrome 1/27 (3.70)
Time interval between the symp-
toms to MRI study
(median) (interquartile range) (days)
— Spinal MRI 5@1-21)
= 1-15 days 14/19 (73.68%)
= 16-30 days 4/19 (21.05%)
= 31-60 days 0/19 (0%)
= >60 days 1/19 (5.26%)
— Orbital MRI 3.5 (1-12.5)
= 1-15 days 10/12 (83.33%)
= 16-30 days 1/12 (8.33%)
* 31-60 days 0/12 (0%)
= >60 days 1/12 (8.33%)

 Data are number and percentage unless otherwise indicated.
® According to the core clinical characteristics of the 2015
IPND criteria.

Seventeen patients had post gadolin-
ium injection MRI data available to review.
Five patients had no enhancing lesion.
Twelve of 17 patients (70.59%) exhibited a
contrast enhancing area in which the most
common pattern was patchy enhancement
(Fig. 2e). Furthermore, 1 patient (5.88%) also
exhibited a ring enhancement pattern (Fig.
2f) and 3 patients (17.65%) also exhibited a
lens-shaped appearance (Fig. 2g). Detailed
features of spinal MRI are shown in Table 2.
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Fig. 1. Frequency of affected levels of spinal cord lesions.

Fig. 2. Spinal cord involvement. (a) Sagittal T2-weighted image shows long spinal cord lesion more
than 3 vertebral segments with cervicomedullary junction involvement and spinal cord swelling; (b, c)
Axial T2-weighted images show both central and peripheral involvement and extent more than 50% of
the spinal cord cross-sectional area (b) and a bright spotty lesion (c, arrow); (d) Sagittal T2-weighted
image shows spinal cord atrophy; (e) Sagittal T1-weighted fat saturated postgadolinium image shows
patchy enhancement; (f) Axial and (g) sagittal T1-weighted fat saturated postgadolinium images show a
ring enhancement (f, arrow) and a lens-shaped enhancement (g).
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Table 2. Spinal cord MRI findings (n=19)".

Imaging features
Location of lesions
— Cervical
— Thoracic
— Cervicomedullary junction

— Length of cord lesions (me-
dian) (interquartile range)
(cm)

— Number of vertebral seg-
ments involved (mean +SD)

— >3 vertebral segments

Axial distribution

— Central

— Peripheral

— Both

Axial extent

— > 50% of the cord area

Morphology

— Swelling

— Atrophy

Characteristic Sign

— Bright spotty lesions

Enhancement °

— No enhancement

— Enhancement
= Patchy enhancement
= Ring enhancement
= Lens-shaped appearance

NMOSD

16/19 (84.21%)
11/19 (57.90%)
11/19 (57.90%)

11.4 (6.8-20.2)
8.32+4.77
17/19 (89.47%)
0/19 (0%)
0/19 (0%)
19/19 (100%)

18/19 (94.74%)

11/19 (57.90%)
4/19 (21.05%)

8/19 (42.11%)

5/17 (29.41%)
12/17 (70.59%)
12/17 (70.59%)
1/17 (5.88%)
3/17 (17.65%)

 Data are number and percentage unless otherwise indicated.
®17 of 19 patients had post gadolinium injection MRI availa-
ble to review.

3.3 Optic nerve analyses

Ten seropositive NMOSD patients and
2 seronegative NMOSD patients had orbital
MRI data eligible for review. Of these,
83.33% (10/12) had bilateral optic neuritis
(Fig. 3a). Lesions that involved more than
half of the optic nerve length (Fig. 3a) oc-
curred in 63.64% (14/22) of these cases. Fur-
ther, 58.33% (7/12) of these patients had op-
tic chiasm (Fig. 3b,c) and optic tract involve-
ment.

Incidence of optic nerve swelling was
31.82% (7/22), for optic nerve atrophy inci-
dence was 9.09% (2/22).

All 12 patients had post gadolinium in-
jection MRI data available to review. Ten pa-
tients (83.33%) exhibited contrast enhance-
ment after gadolinium injection (Fig. 3d,e).
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Detailed features of orbital MRI are shown in

Table 3.

Table 3. Optic nerve MRI findings (n=12)".

Imaging features
Laterality of lesions °
— Unilateral
— Bilateral
Location of lesions
— Optic nerve

<1/2

>1/2
— Optic chiasm
— Optic tract
Morphology
— Swelling
— Atrophy
Enhancement °
— Optic nerve

<1/2

>1/2
— Optic chiasm
— Optic tract

NMOSD

2/12 (16.67%)
10/12 (83.33%)

8/22 (36.36%)
14/22 (63.64%)
7/12 (58.33%)
7/12 (58.33%)

7/22 (31.82%)
2/22 (9.09%)

10/12 (83.33%)
15/22 (68.18%)
7/22 (31.82%)
8/22 (36.36%)
4/12 (33.33%)
2/12 (16.67%)

 Data are number and percentage unless otherwise indicated.
®Defined as laterality of optic nerve

¢ All patients had post gadolinium injection MRI available to
review.

3.4 Brain analyses

Twenty seropositive NMOSD patients
and 5 seronegative NMOSD patients had
brain MRI data eligible for review. Twenty-
two patients had brain lesions. The most fre-
quently involved areas were deep or subcor-
tical white matter (Fig. 4a), found in 76%
(19/25) of patients. The second most fre-
quently involved area was periependymal
surface (Fig. 4b), found in 60% (15/25) of pa-
tients. Corpus callosal lesions were noted in
24% (6/25), basal ganglia lesions in 24%
(6/25), thalamic lesions in 16% (4/25), hypo-
thalamic lesions in 8% (2/25), and cerebellar
lesions in 8% (2/25) of patients. Brainstem
lesions were also detected in 24% (6/25) of
patients; lesions were composed of pontine
involvement in 3 patients and medullary in-
volvement at the area of postrema (Fig. 4¢,d)
in 3 patients.
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(c)

Fig. 3. Optic nerve involvement. (a) Axial T2-weighted fat saturated image shows bilateral optic nerve
involvement which involved more than half of the optic nerve length; (b) Axial and (c) coronal T2-
weighted fat saturated images show optic chiasm involvement; Axial (d) and coronal (e) T1-weighted fat
saturated postgadolinium images show bilateral optic nerve enhancement.

There was no arch bridge appearance
found in 6 patients with corpus callosal le-
sions. In addition, 56% (14/25) of the pa-
tients had sagittal T2-weighted or FLAIR im-
ages available to review and only 50% (3/6)
of the patients with corpus callosal lesions
(Fig. 4d) had sagittal T2-weighted or FLAIR
images available. We found no marbled ap-
pearance of the corpus callosal lesions on the
sagittal T2-weighted or FLAIR images in
these 3 patients.

The frequency of chronic lesions in
patients was 20% (5/25).

Twenty-four patients had post gado-
linium injection MRI data available to re-
view. Merely 3 of 24 (12.50%) patients had
enhancing lesions. Specific contrast en-
hancement patterns were also analyzed.
There were 1/24 (4.17%) patients with cloud-
like enhancement and 3/24 (12.5%) patients
with pencil-thin enhancement. Therefore, the
one patient had both cloud-like and pencil-
thin enhancements, so-called flame-like en-

205

hancement (Fig. 4e,f), 1/24 (4.17%). De-
tailed features of brain MRI data are shown
in Table 4.

4. Discussion

In our study, we reported de-
mographics data in Thai NMOSD patients.
The age at onset of NMOSD in the patients
in our study corresponds to other studies with
female predilection [6, 8, 11]. Transverse
myelitis and optic neuritis were the most
common presenting symptoms in this study.
The same has been reported in other studies
[8,11] which found that transverse myelitis
and optic neuritis were common in NMOSD
patients. In this study, most patients (>90%)
had a time interval between the appearance
of symptoms and their MRI study of less than
1 month. Our study confirms the typical MRI
lesion patterns in the spinal cord. Longitudi-
nal involvement of the spinal cord at three or
more contiguous vertebral segments is a
characteristic spinal cord lesion of NMOSD
(8, 11, 14].
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(b)

Fig. 4. Brain involvement. (a-c) Axial FLAIR images show lesions involving deep and subcortical white
matter (a), periependymal surface of lateral and third ventricles (b) and area of postrema (c); (d) Sagittal
FLAIR images show corpus callosal lesions and lesion involving area of postrema (arrow); Axial (e) and
coronal (f) T1-weighted fat saturated postgadolinium images show pencil-thin enhancement (e, f) and
cloud-like enhancement (f). Both cloud-like enhancement and pencil-thin enhancement, so called flame-

like enhancement (f).

The NMOSD spinal cord lesions were
more commonly located in the cervical and
thoracic cord in previous studies [11, 18, 19].
Recently, Tatekawa et al. [8] reported a bi-
modal distribution of spinal cord lesions
which had a high peak in the thoracic region
(71%), more so than in the cervical region
(29%). In our study, cervical cord involve-
ment (84.21%) was found more frequently
than thoracic cord involvement (57.90%).
So, our results showed a difference in peaks
as compared to the study of Tatekawa et al.
[8]. However, the high peak in the cervical
region in our study corresponds to the results
of a few other prior studies [12, 20]. Further-
more, cervicomedullary involvement was
more frequently found in our study (57.90%)
which was quite higher than findings by
Chee et al. [9]. A high peak of spinal cord le-
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sions in the cervical region and frequent cer-
vicomedullary junction involvement in this
study are comparable to results of Tritrakarn
et al. [14], which was done in the Thai popu-
lation and also showed more common in-
volvement of cervical/cervical to medulla re-
gions than the thoracic region. We suggest
that spinal cord lesions in the cervical region
and cervicomedullary junction involvement
can be diagnostic clues in imaging diagnosis
of NMOSD in the proper clinical context, es-
pecially in Thai patients.

All spinal cord lesions in this study
were located both central and peripheral dis-
tribution on axial images and most of them
(94.74%) involved more than 50% of the
cross-sectional cord area, similar to previous
studies [9-11, 14]. Spinal cord swelling and
atrophy were more frequent in NMOSD than
in MS [8, 14]. Our study found that spinal
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cord atrophy occurred in 21.05% of patients,
which resembles findings from previous
studies [8,14] (about 29.0-29.8%). In con-
trast, we found 57.90% of the patients had
spinal cord swelling, a higher percentage
than previous studies [8,14] (about 32.3-
33.3%). Yonezu et al. [10] reported that
bright spotty lesions are a finding specifically
seen in NMOSD, occurring in 54% of the pa-
tients; the authors hypothesized that the
bright spotty lesions might reflect microcys-
tic changes (intense damage of the spinal
cord). Alternatively, Zalewski et al. [16] sus-
pected bright spotty lesions might be related
to focal regions of increased edema or cere-
brospinal fluid trapping. In our study, bright
spotty lesions were also common, found in
42.11% of patients. We hypothesize that cav-
itation of the spinal cord results in brighter
(fluid) T2 signal areas.

Table 4. Brain MRI findings (n=25)".
Imaging features NMOSD

No lesion 3/25 (12%)
Location of lesions

Deep/subcortical white matter

White matter tract

= Corpus callosum

= Corticospinal tract

19/25 (76%)

6/25 (24%)
1/25 (4%)

— Basal ganglia 6/25 (24%)
— Thalamus 4/25 (16%)
— Hypothalamus 2/25 (8%)
— Brainstem 6/25 (24%)
= Midbrain 0/25 (0%)
= Pons 3/25 (12%)
= Medulla: Area of postrema 3/25 (120%)
— Cerebellum 2/25 (8%)

0,
Periependymal surface 15/25 (60%)

Morphology

— Chronic lesions
Characteristic Signs

— Marbled appearance®

— Arch bridge appearance
Enhancement °

— No enhancement

5/25 (20%)

0/14 (0%)
0/25 (0%)

21/24 (87.5%)

— Enhancement 3/24 (12.5%)
= Cloud-like enhancement 1/24 (4.17%)
= Pencil-thin enhancement 3/24 (12.5%)

1/24 (4.17%)
 Data are number and percentage unless otherwise indicated.
® 14 of 25 patients had sagittal T2-weighted or FLAIR im-
ages available to review.

€24 of 25 patients had post gadolinium injection MRI availa-
ble to review.

= Flame-like enhancement
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A contrast enhancing area of spinal
cord lesion was detected in 70.59% of the
MRI exams available to review. Similarly,
Chee et al. [9] reported enhancing spinal cord
lesions in 63.42% of cases. In our study,
patchy enhancement was the most common
enhancing pattern of spinal cord lesions, sim-
ilar to findings of Chee et al. [9]. Zalewski et
al. [16] also reported spinal cord ring-en-
hancing lesions occurring in 32% of cases
that could be distinguished as NMOSD, rul-
ing out other causes of longitudinally exten-
sive myelopathy, but on its own did not dis-
tinguish NMOSD from MS. However, we
found the ring enhancement pattern on axial
imaging only in 5.88% of patients and the
lens-shaped appearance on sagittal imaging
in only 17.65% of patients. This difference
might be due to different study populations,
varying imaging protocol, and imaging qual-
ity. The pathophysiology of ring-enhance-
ment of NMOSD is uncertain [16].

Our study showed that optic neuritis in
NMOSD usually involved both optic nerves,
similar to previous studies [15,21-23]. In par-
ticular, optic neuritis was strongly associated
with longitudinally extensive involvement
(more than half the optic nerve length), con-
sistent with previous studies [21,22]. Our
study also demonstrated frequent chiasmal
and optic tract involvement, occurring at
about 58.33%, equally, corresponding to pre-
vious studies [21-24].

We found optic nerve swelling and at-
rophy occurring in 31.82% and 9.09% of pa-
tients, respectively. Similarly, Tatekawa et
al. [8] also reported optic nerve swelling and
atrophy in NMOSD patients occurring in
23.8% and 11.9% of patients, respectively.

In this study, enhancing lesions of the
optic nerve were detected in 68.18% of MRI
exams available to review, corresponding to
previous studies [22,23]. In contrast, Sri-
kajon et al. [15] previously reported optic
nerve enhancement in 26.1% of Thai pa-
tients. This difference might be due to the use
of different MRI scanners, and a different
proportion of enhancing images to review.
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Brain involvement in NMOSD pa-
tients is more prevalent in Asian populations
[13]. Brain lesions developed in 81% of
NMOSD patients from Taiwan [25] and
64.7% of NMOSD patients from Korea [13].
Whereas studies in Caucasian populations re-
ported lower prevalence of brain MRI abnor-
malities among NMOSD patients, about
25.6-41.6% [26-28]. Brain abnormalities in
NMOSD might reflect high disease activity
[13]. Our study found that 88% of NMOSD
patients had brain MRI abnormalities during
their clinical period, comparable to prior
studies in Asian populations [13,25]. Our re-
sults might support the idea that Asian
NMOSD patients have a more aggressive
form of the disease. Actively demyelinating
NMOSD lesions demonstrate vessel hyalini-
zation.

In our study, lesions were most fre-
quently shown in deep/subcortical white
matter, about 76%. Kim et al. [13] reported
juxtacortical/subcortical/deep white matter
was most frequently involved, occurring in
58.8% of patients, comparable to our study.
Periependymal regions are known to have
high AQP4 expression and our study showed
a rate of 60% periependymal involvement.
Similar findings by Liao et al. [25] showed
periventricular lesions in 60% of patients.
Moreover, we found 24% (6/25) of patients
had corpus callosal lesions. Similarly, Naka-
mura et al. [29] found 4 of 22 (18.2%) pa-
tients had callosal lesions. Among these 4 pa-
tients, 3 had marbled pattern corpus callosal
lesions.

Among our 6 patients with corpus cal-
losal lesions, only 3 had sagittal T2-weighted
or FLAIR images available to review, and no
marbled appearance in these 3 patients was
found. This difference in results from Naka-
mura et al. [29] might be partly due to a lack
of sagittal images. The mechanisms by which
the corpus callosum is involved in NMOSD
are unclear [29].
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Kim et al. [13] reported cavity for-
mation was detected in 29% of patients. Sim-
ilarly, we also found chronic lesions in 20%
of patients.

Three of twenty-four (12.5%) patients
exhibited gadolinium contrast enhancement,
comparable to previous studies [13,17],
which reported the presence of brain lesion
enhancement in 9-36% of patients. Although
occurrence of cloud-like enhancement was
reported at 29% in a study by Kim et al. [13],
no patient in a study by Tatekawa et al. [8]
showed this sign. We found only 4.17% of
patients with cloud-like enhancement.
Banker et al. [30] reported that pencil-thin
ependymal enhancement may be a helpful ra-
diological marker of NMOSD that can used
to differentiate this condition from MS. They
speculate that ependymal enhancement is
due to an NMO-IgG-mediated autoimmune
reaction against APQ4 water channels, which
are heavily expressed in the ependymal re-
gion. Our study found 12.5% patients with
pencil-thin enhancement. Systematic studies
are needed to estimate frequencies of epen-
dymal enhancement and periependymal ab-
normalities in patients with NMOSD [30].

This study had several limitations.
First, there was a small number of patients
who fulfilled the 2015 IPND criteria. This
might be due to the low prevalence of
NMOSD. Second, we were unable to com-
pare differences between seropositive and
seronegative NMOSD groups due to the low
number of patients, especially the seronega-
tive group. Third, there were different MRI
scanners and imaging protocols used from
various facilities because this study used a
retrospective design. This might have influ-
enced the detection and characterization of
lesions in each part. To reduce the resulting
variation, we used eligibility criteria for im-
aging analysis. Looking to the future, a pro-
spective, multicenter study of NMOSD pa-
tients is planned.
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S. Conclusion

We found typical MRI lesion patterns
according to the 2015 IPND criteria in Thai
patients. MRI lesion patterns that are sugges-
tive of NMOSD include longitudinal in-
volvement of the spinal cord at three or more
contiguous vertebral segments, and both cen-
tral and peripheral involvement on axial dis-
tribution which involves more than 50% of
the cross-sectional area. Cervical and cervi-
comedullary junction involvement seemed to
be more common than thoracic involvement
in Thai patients. Bright spotty lesions (highly
specific sign) were also common, found in
42.11% of our patients. Bilateral optic nerve
involvement and involvement of more than
half the optic nerve length are patterns
strongly associated with NMOSD. The fre-
quently involved areas of brain lesion pat-
terns are deep/subcortical white matter and
periependymal surface.
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