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ARTICLE INFO ABSTRACT

Purpose: To investigate the clinical characteristics and outcomes of myelin oligodendrocyte glycoprotein anti-
body-seropositive optic neuritis (MOG-ON) in patients with varying ages of onset in China.

Methods: Patients displaying symptoms of MOG-ON were recruited from the Neuro-ophthalmology Department
in the Chinese People's Liberation Army General Hospital from January 2016 to May 2018. They were assigned
to one of three subgroups based on age of onset: pediatric (< 18 years), young (18-46 years), and middle-aged
(> 46 years) MOG-ON.

Results: 110 patients (188 eyes) were assessed, including 58 pediatric (52.7%), 34 young (30.9%), and 18
middle-aged (16.4%) patients. Of the pediatric patients, 93.9% had good recovery of visual acuity (=0.5)
compared with 79.7% of young patients and 66.7% of middle-aged patients (p < .001). The annual relapse rate
was lower in the pediatric group than young and middle-aged groups (0.32 + 0.50 vs 0.73 + 0.87 vs
0.49 * 1.08,p = .036). Six children (10.3%) were diagnosed with acute disseminated encephalomyelitis, while
seven young patients (20.6%) were diagnosed with aquaporin-4 antibody seronegative neuromyelitis optica
spectrum disorder upon follow-up. The average peripapillary RNFL and macular GCIPL thicknesses were not
statistically different between subgroups (p = .996, p = .608). Overall, MRIs of the optic nerve showed peri-
neural enhancement in 52.0% of patients and longitudinal extensive involvement in 87.7%. MRIs also revealed a
greater proportion of pediatric patients with intracranial optic nerve involvement than in the other two sub-
groups (45.4% vs. 21.2% vs. 36.7%, p = .014).

Conclusion: Pediatric ON was the most common MOG-ON subgroup. Pediatric patients had different clinical
features, including better recovery of visual acuity, lower annual relapse rate, and more intracranial optic nerve
involvement than young and middle-aged patients. Additionally, age of onset may be a potential predictor for
determining visual prognosis with MOG-ON.
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1. Introduction

Optic neuritis (ON) is an inflammatory, demyelinating disease of the
optic nerve. Much of our understanding of ON stems from the Optic
Neuritis Treatment Trial (ONTT), a well-known, multicenter, rando-
mized control trial which focused on young adults between the ages of
18 and 46 years [1]. ON can occur as an idiopathic, isolated event,
however it also occurs in conjunction with central nervous system de-
myelinating diseases, such as neuromyelitis optica spectrum disorder
(NMOSD), multiple sclerosis (MS), and acute disseminated en-
cephalomyelitis (ADEM) [2,3]. The aquaporin-4 antibody (AQP4-Ab) is
a marker for the diagnosis and prognosis of ON. Additionally, recent
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findings have suggested the potential value of the myelin oligoden-
drocyte glycoprotein antibody (MOG-Ab) to differentiate between ON
phenotypes, further expanding the possibility of utilizing this technique
for the diagnosis of this disease [4].

In Caucasians, detection of AQP4-Ab and MOG-Ab may be less
common than previously reported in isolated ON. [5-7] Frequency of
MOG-Ab detection was rare (1.7%) in ONTT, and AQP4-Ab was not
found at all in ONTT patients. [7] However, some studies have sug-
gested the association of MOG-Ab seropositivity with recurrent ON
attacks that can lead to significant visual loss [8]. Chen et al. [9] found
that the majority of MOG-Ab-seropositive ON (MOG-ON) patients dis-
played significant recovery and retained long-term visual function.
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Despite these findings, there are few large-scale studies of MOG-ON,
and the clinical phenotypes are poorly defined [8]. [9] To date, the
clinical characteristics and prognosis of MOG-ON and their relation to
age of onset is still unclear in China. Therefore, this cohort study re-
cruited Chinese patients with MOG-ON onset occurring during one of
three age ranges: pediatric, young, and middle-aged. Following patient
recruitment, clinical characteristics and prognosis were assessed.

2. Materials and methods
2.1. Patient enrollment

Clinical data were retrospectively collected from hospitalized pa-
tients diagnosed with MOG-ON at the Neuro-ophthalmology
Department of the Chinese People's Liberation Army General Hospital
(PLAGH) between January 2016 and May 2018. This study protocol
was approved by the Ethics Committee at the Chinese PLAGH and met
the tenets of the Declaration of Helsinki as well as applicable Chinese
laws. Informed consent was obtained from patients and their parents.
The patients with ON at acute stage were treated with intravenous
methylprednisolone (20 mg/kg/day for children, 1 g/day for adults) for
3-5days, followed by a taper of oral prednisone (starting dose 1 mg/
kg/day) with varying durations, based on the ages of and recovery from
optic neuritis. Follow-up data was obtained through clinical examina-
tions during return visits, and surveys via telephone with patients and
their parents. Twenty of the included patients were reported in an
earlier series of 65 demyelinating ON [10]. All patients were followed a
minimum of 6 months. The main follow-up data included BCVA, relapse
condition. If we cannot get the BCVA or relapse condition, this patient
is belonging to incomplete patient clinical follow-up data. Clinical
routine visits at 3 months,6 months,12 months and if the patients re-
lapsed.

2.2. Diagnostic criteria

ON was diagnosed in accordance with the ONTT guidelines [1].
Relapse of optic neuritis was defined as any repeat attack at least
30 days after the initial attack. The detailed inclusion criteria were as
follows: (1) the patient presented with acute loss of visual acuity or
visual field irrespective of eye pain, (2) the serum MOG antibody was
positive, and (3) at least one visual abnormality of visual field defect,
abnormal visual evoked potential, and/or relative afferent pupillary
defect.

Exclusion criteria included (1) the presence of ametropia, glaucoma,
anterior segment, retinal, or macular diseases, (2) any other type of
optic neuropathy, such as vascular, hereditary, toxic, metabolic, in-
filtrative, or compressive optic neuropathy, (3) the presence of cra-
niocerebral lesions other than those from demyelinating diseases in-
volving the optic chiasm or optic pathway downstream of the optic
chiasm and optic cortex, and (4) incomplete patient clinical follow-up
data.

2.3. Laboratory examinations

Serum and cerebrospinal fluid (CSF) samples were obtained from
each patient at maximum one month following the ON attack. Serum
samples were tested for the presence of MOG and AQP4 antibodies
using a fixed cell-based assay (Euroimmun, Liibeck, Germany) [10].
Based on the age of disease onset, MOG-ON patients were categorized
as pediatric (< 18 years) and adult (=18 years) groups. Then, we had
divided adult group into the younger age group (18-46 years) and the
older age group (> 46 years). In order to facilitate the description, the
former group is called young (18-46 years) for short, the latter group is
called middle-aged (> 46 years) for short, and placed in the according
subgroup.

All patient sera were tested for auto-antibodies, including
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antinuclear antibody (ANA), human leukocyte antigen-B27 (HLA-B27),
anti-thyroglobulin antibodies (ATAs), anti-thyroid peroxidase auto-
antibody (anti-TPOAb), anti-Sjogren's-syndrome-related antigen A
(SSA), anti-Sjogren's-syndrome-related antigen B (SSB), anticardiolipin
antibodies (ACLs and b2-GPI), anticentromere antibody (ACA), anti-
neutrophil cytoplasmic antibody (ANCA), rheumatoid factor (RF), and
antiperinuclear factor (APF) in the Examination Center for Biomedical
Research of PLAGH. The CSF was tested for white blood cell count, and
protein and IgG levels. Measurements were considered elevated if white
cell count was > 10/pl, protein level > 400 mg/L, and IgG level >
3.4mg/dL.

2.4. Neuro-ophthalmology examinations

Best corrected visual acuity (BCVA) was used as the main outcome,
and was determined using the standard vision logarithm table at a
distance of 5m. Those unable to read any letters at 1 m were further
examined using finger counts, hand movements, or perceived light.
BCVAs were transformed into values representing the logarithm of the
minimum angle of resolution (LogMAR). Among these values, counting
the number of fingers held before the eye was transformed as a LogMAR
value of 1.85, hand movement as a LogMAR value of 2, light perception
as a LogMAR value of 2.7, and failure to perceive light as a LogMAR
value of 3.0 [11]. A good visual outcome was defined as a final BCVA of
0.5 or better (LogMAR 0.3) and a poor outcome was defined as a BCVA
of < 0.1 (LogMAR 1.0).

Peripapillary retinal nerve fiber layers (pRNFLs) and macular
ganglion cell-inner plexiform layers (mGCIPLs) were assessed at least
6 months post ON attack using high-definition spectral domain optical
coherence tomography (SD-OCT: Carl Zeiss Meditec, Dublin, CA, USA).
All enrolled patients underwent orbital magnetic resonance imaging
(MRI) with T2 weighted image and gadolinium-enhanced T1 sequences.
The anterior visual pathways were divided into five segments: orbital,
canalicular, intracranial, and optic chiasm and tract [12]. A long-
itudinally extensive optic nerve lesion indicates that the lesion involved
more than half of the segments of the whole optic nerve. Head or spinal
MRIs were performed in patients with myelitis or systemic symptoms.

2.5. Statistical analysis

Demographic parameters were described and compared between
the three different age-based cohorts. Statistical analyses were con-
ducted using SPSS 20.0 software (IBM Corporation, New York, USA). A
one-way ANOVA test was used for parametric comparisons among the
three subgroups, while the Kruskal Wallis Test was used for non-para-
metric comparisons. Categorical data were analyzed using R x C table
Chi-square tests or Fisher's exact tests where appropriate. All prob-
ability values were two-tailed and considered to be significant at
p < .05.

3. Results
3.1. Demographics and clinical characteristics

Table 1 summarizes the demographics and clinical characteristics of
the MOG-ON patients enrolled in the present study. A total of 110 pa-
tients (154 affected eyes at first ON attack and 188 affected eyes at
follow-up time) were assessed in this study cohort, including 58 pe-
diatric (52.7%), 34 young (30.9%), and 18 middle-aged (16.4%), of
which 63 were female (57.3%). The mean and median age of onset was
23.3 + 16.7 years and 15years (range of 2-67 years) respectively. At
the initial attack, 44 patients (40.0%) experienced bilateral involve-
ment, while 66 (60.0%) experienced unilateral involvement. The
follow-up duration ranged from 6 to 217 months, with a mean time of
36.59 = 39.02 months. All patients underwent serum MOG-Ab and
AQP4-Ab testing, revealing 110 patients with MOG-ON. No patients
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Table 1
Patient demographics and clinical characteristics in this MOG-ON cohort.

Total Percentage (%)
Number of patients (eyes) 110 (188)
Age of onset, year
Mean 23.3 = 16.7
Median (range) 15 (2-67)
Age groups, year
<18 58 52.7
18-46 34 30.9
> 46 18 16.4
Sex
Female 63 57.3
F/M ratio 1.3:1
Follow-up, month
Mean * SD 36.59 + 39.02
Median (range) 24(6-217)
Experience
Bilateral attack 44 40.0
Unilateral attack 66 60.0
Optic disc edema,. 73 47.4
Ocular pain 83 75.5
Abnormal autoimmune antibodies 21 19.1
Initial BCVA
=0.1 119 78.3
0.1-0.5 23 15.1
=0.5 10 6.6
Median (Log MAR) 0.02 (1.7)
Presenting BCVA
<0.1 14 7.4
0.1-0.5 14 7.4
=0.5 160 85.1
Median (Log MAR) 1.0 (0.0)
Treatment at acute stage
IV methylprednisolone 102 92.7

* Incidence of optic disc edema was calculated by eyes. MOG, myelin oli-
godendrocyte glycoprotein; IV, intravenous; BCVA, best corrected visual acuity;
LogMAR, logarithm of the minimum angle of resolution.

were found to be both MOG-Ab and AQP4-Ab seropositive. In this study
cohort, 119 eyes (78.3%) were 0.1 or worse at the initial attack, and
160 eyes (85.1%) were 0.5 or better at the final visit.

102 (92.7%) of the patients were treated with IV methylpredniso-
lone in the initial attack at acute stage in our hospital. However, eight
patients with first ON attack were not treated with IV methylpredni-
solone because they transferred to our center at remission stage.

Table 2 presents the demographics and clinical characteristics of the
different ages of onset in the respective subgroups. In the pediatric
group, the mean age of onset was 10.1 years (range of 2-17 years)
compared to 30.2 years (range of 18-46 years) for the young group, and
53.0 years (range of 47-67 years) for the middle-aged group. There was
a similar proportion of female patients in the pediatric and young
subgroups (50% vs. 61.8%), and slightly more in the middle-aged group
(72.2%, p = .204). Overall, pain associated with movement was present
in 83 patients (75.5%), optic disc edema was noted in 73 patients
(47.4%), and abnormal autoimmune antibodies were found in 21 pa-
tients (19.1%). We next observed that the frequencies of ocular pain,
bilaterality, and optic disc swelling, and the presence of abnormal au-
toimmune antibodies were not significantly different between the three
subgroups. Among the patients with cerebral spinal fluid (CSF) avail-
able for analysis, 12/86 (14.0%) had an elevated white blood cell count
of > 10 /ul, 21/86 (24.4%) had an elevated protein concentration
of > 400 mg/dL, and 10/86 (11.6%) had an elevated IgG level of >
3.4mg/dL in CSF. The levels of white blood cells, protein, and IgG in
the CSF were also not significantly different between subgroups.

3.2. Visual outcomes and clinical prognosis

Table 3 compares the visual outcomes and clinical prognosis of
patients in the various MOG-ON subgroups. The BCVA at nadir at first
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onset was not statistically different between the three subgroups
(p = .561). After treatment of the initial attack, 81 eyes (97.6%) in the
pediatric group had good visual recovery (=0.5) compared to eyes in
the young (41, 91.1%) and middle-aged groups (19, 79.2%) (p = .003).
At the final visit, 93 eyes (93.9%) had more pronounced visual recovery
(=0.5) in the pediatric group compared with the young (47, 79.7%)
and middle-aged groups (20, 66.7%; p < .001). The comparison of
LogMAR values after treatment following the initial attack and at the
final visit revealed a significant difference in the three MOG-ON sub-
groups (p < .001). During follow-up, 58 patients (52.7%) experienced
at least one episode of recurrence of ON. Chronic relapsing in-
flammatory optic neuropathy (CRION) with relapse after steroid re-
duction or cessation was diagnosed in 28 patients (25.5%). The pe-
diatric group had a lower annual recurrence rate than the young and
middle-aged groups (0.32 = 0.50 vs 0.73 * 0.87 vs 0.49 = 1.08,
p = .036). The ratio of conversion to NMOSD over the course of the
follow-up period is elevated in the young patients compared with pe-
diatric and middle-aged patients (20.6 vs. 3.4 vs. 0.0%, respectively,
p = .010). Six pediatric patients had an ON attack concurrently with an
episode of ADEM and received a final diagnosis of ADEM-ON. None of
the MOG-ON patients were assigned the diagnosis of multiple sclerosis.

3.3. OCT measurements

Table 4 presents the pRNFL and mGCIPL thicknesses as measured by
spectral domain-OCT. The pRNFL thickness measurements were taken
in 57 pediatric, 38 young, and 10 middle-aged patients' eyes. The SD-
OCT system automatically analyzed pRNFL thickness in the superior,
temporal, inferior, and nasal quadrants. We found no significant dif-
ference in average pRNFL thickness between the three subgroups
(68.68 = 12.63 vs 68.68 = 14.24 vs 68.30 = 11.10 um, p = .996).
The mGCIPL thicknesses measurements were taken in 57 pediatric, 38
young, and 10 middle-aged patients' eyes, and there were no significant
differences in this value between the three subgroups (59.74 + 7.57 vs
59.00 = 8.62 vs 57.10 * 6.37 pum, respectively, p = .608).

3.4. MRI manifestation

Table 5 gives the optic nerve MRI results, which revealed T2 hy-
perintensity with or without enhancement. The 106 of 110 patients had
optic nerve MRI scans in our hospital. The other four patients had orbit
MRI scans with different parameters in other hospital, so we only
analyzed the 106 MRI results of optic nerve. Overall, optic nerve MRI
scans showed perineural enhancement in 52.0%, longitudinal extensive
in 87.7%, orbital portion in 95.5%, canalicular portion in 68.7%, in-
tracranial portion in 36.9%, chiasmal in 11.3%, and optic tract in 1.9%
of the patients (Table 5, Fig. 1). No significant differences were noted
between pediatric versus young and middle-aged patients (p = .614
and p = .405, respectively) in the MRIs of orbital and canalicular seg-
ment lesions. The proportion of patients experiencing intracranial optic
nerve involvement was higher in the pediatric cohort than the young
and middle-aged cohorts (45.4 vs. 21.2 vs 36.7%, respectively,
p = .014). These subgroups had almost the same incidence of chiasma
involvement based on MRI imaging (12.3 vs. 9.7 vs. 11.1%, respec-
tively, p > 0.999). Furthermore, only two pediatric patients (3.5%)
displayed optic tract involvement.

4. Discussion

In this single-center study, we evaluated the aged-based clinical
features and outcomes of MOG-ON in Chinese patients, and found that
52.7% (58/110) of all MOG-ON patients were pediatric. MOG-Ab-re-
lated disease has an earlier age of onset, an observation that is sup-
ported by two recent studies from Korea and Australia. [13,14] Our
previous study [10] reported that the onset in MOG-ON occurs sooner
than AQP4-ON (5-63years old vs. 8-72, respectively), but only
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Table 2
Demographics and clinical characteristics in different MOG-ON subgroups.
Pediatric Young Middle-aged P value

No. of patients, n (%) 58 (52.7) 34 (30.9) 18 (16.4)
No. of eyes 99 59 30
Mean age at onset (range) 10.1 (2-17) 30.2 (18-46) 53.0 (47-67) < 0.001
Female (%) 29 (50.0) 21 (61.8) 13 (72.2) 0.204
Bilaterality at first onset, n (%) 27 (46.6) 11 (32.4) 6 (33.3) 0.333
Ocular pain, n (%) 39 (67.2) 29 (85.3) 15 (83.3) 0.135
Optic disc swelling, n (%) 41 (48.2) 22 (50.0) 10 (41.7) 0.797
Abnormal autoimmune antibodies, n (%) 9 (15.5) 7 (20.6) 5 (27.8) 0.481

ANA 0 (0.0) 3(8.8) 3 (16.6)

ACA 1@1.7) 1(2.9 0 (0.0)

ANCA 0 (0.0) 0 (0.0) 0 (0.0)

Anti-SSA/ Anti-SSB 1Q1.7) 0 (0.0) 2 (11.1)

ACL/ B2-GPI 3(.2) 1(2.9) 211D

APF 1Q1.7) 0 (0.0) 1(5.6)

RF 0 (0.0) 0 (0.0) 0 (0.0)

HLA-B27 234 1(2.9) 0 (0.0)

ATAs/anti-TPOAb 1Q1.7) 1(2.9) 211D
No. of lumbar punctures 43 28 15
CSF white cell count, mean = SD (n/mm3) 8.7 = 20.6 2.4 = 3.0 2.9 *+ 3.6 0.165
White cell counts elevated 9 (20.9) 1 (3.6) 2(13.3) 0.111
CSF protein, mean + SD (g/L) 303.1 + 105.4 3428 + 116.4 345.2 + 95.4 0.222
Protein elevated 8 (18.6) 8 (28.6) 5(33.3) 0.370
CSF IgG level, mean + SD (mg/dL) 216 = 1.24 2.30 = 1.09 2.37 = 1.00 0.780
IgG level elevated 4(9.3) 5(17.9) 1(6.7) 0.492

*p < .05, **p < .01. ANA, antinuclear antibody; ACA, anticentromere antibody; ANCA, antineutrophil cytoplasmic antibodies; ACL, anticardiolipin antibody; (2-
GPI, anti-p2-glycoprotein I; anti-SSA and SSB, anti-Sjogren's syndrome A and B; APF, antiperinuclear factor; RF, rheumatoid factor; HLA-B27, human leukocyte
antigen-B27; ATAs, anti-thyroglobulin antibodies; anti-TPOAb, anti-thyroid peroxidase autoantibody; CSF, cerebrospinal fluid; ON, optic neuritis.

enrolled 20 patients with MOG-ON. The clinical features of age-based
MOG-ON in Chinese patients have remained vague and required further
study. To our knowledge, the present study is the largest report on the
age-based clinical characteristics in Chinese MOG-ON patients.

In our MOG-ON cohort, 57.3% patients were female. This is con-
sistent with previous studies, which a variable MOG-ON prevalence in
female patients of 38% to 75% [15-17]. In our study, we observed a
similar proportion of female patients in the pediatric and young

subgroups (50% vs. 61.8%), and slightly more in the middle-aged group
(72.2%, p = .204). Our recent study reported that 48.0% patients were
female in the pediatric MOG-ON subgroup, however we only enrolled
25 new pediatric MOG-ON patients. Overall, pain associated with
movement was present in 75.5% (83/110) of patients, optic disc edema
was noted in 47.4% (73/154) of patients, abnormal autoimmune anti-
bodies were found in 19.1% (21/110) of patients, and 40.0% (44/110)
of patients experienced bilateral involvement, all similar percentages to

Table 3
Comparison of visual outcomes and clinical prognosis in different MOG-ON subgroups.
Pediatric Young Middle-aged P value

No. of patients 58 34 18
BCVA at nadir at first onset, eyes, n 83 45 24 0.561

=0.1 66 (79.5) 33 (73.3) 20 (83.3)

0.1-0.5 12 (14.5) 7 (15.6) 4 (16.7)

=0.5 5 (6.0) 5(11.1) 0 (0.0)
BCVA recovery at first onset, eyes, n 83 45 24 0.03

=0.1 2(2.4) 2 (4.9 5 (20.8)

0.1-0.5 0 (0) 244 0 (0)

=0.5 81 (97.6) 41 (91.1) 19 (79.2)
BCVA recovery at last follow-up, eyes, n 99 59 30 < 0.001%*

=0.1 5(5.1) 5(8.5) 4 (13.3)

0.1-0.5 1(1.0) 7 (11.9) 6 (20.0)

=0.5 93 (93.9) 47 (79.7) 20(66.7)
LogMAR at nadir at first onset, mean + SD 1.55 = 0.82 1.64 = 1.05 1.86 = 0.86 0.337
LogMAR recovery at first onset, mean * SD 0.06 = 0.23 0.12 = 0.34 0.58 = 0.99 < 0.001**
LogMAR recovery at last follow-up, mean * SD 0.12 = 0.37 0.22 = 0.41 0.56 + 0.87 < 0.001**
Recurrent ON in follow-up, n (%) 27 (46.6) 23 (67.6) 8(44.4) 0.110
Relapse after steroid reduction or cessation, n (%) 10(17.2) 14(41.2) 4(22.2) 0.456
Time of first to second attack (months) 14.14 = 16.25 25.65 + 34.38 22,19 + 49.27 0.422
Relapse times in follow-up, mean + SD 1.24 £ 2.25 2.21 *+ 2.66 1.39 = 2.52 0.179
Follow-up, month, median (range) 23 (6-128) 27(6-217) 24(8-161) 0.951
Patients with a follow-up of at least 12 months, n 46 28 14
Patients with relapsing at least 12 months, n (%) 26(56.5) 21(75.0) 8(57.1) 0.254
Patients with monophasic at least 12 months, n (%) 20(43.5) 7(25.0) 6(42.9) 0.254
ARR, mean * SD 0.32 + 0.50 0.73 + 0.87 0.49 + 1.08 0.036*
ADEM-ON 6(10.3) 0(0) 0(0) 0.066
Conversion to NMOSD, n (%) 2(3.4) 7 (20.6) 0 (0) 0.010*

*p < .05, **p < .01. ON, optic neuritis; BCVA, best corrected visual acuity; ARR, annualised relapse rate; NMOSD, neuromyelitis optica spectrum disorder; ADEM,
acute disseminated encephalomyelitis; LogMAR, logarithm of the minimum angle of resolution.
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Table 4
Comparison of pRNFL and macular GCIPL thickness in different MOG-ON subgroups.
Pediatric Young Middle-aged P value

PRNFL (um), eyes (n) 57 38 10
Average thickness (mean + SD) 68.68 + 12.63 68.68 + 14.24 68.30 = 11.10 0.996
Superior quadrant (mean = SD) 85.35 + 20.07 82.03 + 22.81 82.20 + 16.20 0.723
Nasal quadrant (mean * SD) 57.89 + 7.58 60.61 + 12.01 56.10 + 7.64 0.261
Inferior quadrant (mean + SD) 85.68 + 22.65 84.45 + 23.69 88.20 + 20.90 0.895
Temporal quadrant (mean * SD) 4498 + 14.40 48.58 + 15.64 46.50 + 8.90 0.497
GCIPL (um), eyes (n) 57 38 10
Average thickness (mean + SD) 59.74 + 7.57 59.00 + 8.62 57.10 + 6.37 0.608
Superior quadrant (mean = SD) 61.04 *+ 8.66 59.79 + 9.68 58.10 + 5.88 0.567
Nasal superior quadrant (mean *+ SD) 57.93 + 8.52 57.55 + 10.91 55.20 + 5.53 0.692
Nasal inferior quadrant (mean * SD) 57.30 = 7.85 56.92 + 8.43 55.30 = 7.03 0.766
Inferior quadrant (mean + SD) 58.54 + 7.08 58.74 + 8.06 56.90 + 7.26 0.781
Temporal inferior quadrant (mean + SD) 62.05 + 7.56 60.45 + 9.08 59.50 + 7.89 0.505
Temporal superior quadrant (mean * SD) 61.28 + 8.45 60.68 + 9.40 58.30 + 6.70 0.604

PRNFL, peripapillary retinal nerve fiber layer; GCIPL, ganglion cell-inner plexiform layer.

what has been reported in previous studies. [9,10,14]

In this MOG-ON cohort, 119 eyes (78.3%) were 0.1 or worse at the
initial attack, and 160 eyes (85.1%) were 0.5 or better at the final visit,
again consistent with previous reports. [9,18] At the final visit, 93 eyes
(93.9%) had better visual recovery (=0.5) in the pediatric group
compared with the young (47, 79.7%) and middle-aged groups (20,
66.7%; p < .001). In previous studies, patients with MOG-ON fre-
quently experienced recurrent disease [8]. In our study, 52.7% of pa-
tients experienced at least one episode of recurrence of ON, and 25.5%
of patients were diagnosed CRION [19], similar to the findings of Chen.
[9] The pediatric group had a lower annual recurrence rate than the
young and middle-aged groups, and the ARR in young patients is si-
milar to previous reports of adult MOG-ON. [20]

MOG-Abs can be detected in children with AQP4-Ab seronegative
NMOSD, recurrent optic neuritis, transverse myelitis, and multiphasic
acute disseminated encephalomyelitis [21,22], and a proportion of
these children will experience a relapse in disease [23,24]. In our study,
46.6% of the children in the MOG-ON cohort presented with a relapsing
form. ADEM followed by ON is a rare, but distinct clinical phenotype in
children [3]. In our cohort, six children had an ON attack during an
episode of ADEM. This is similar to a previous study [25] in which a
higher proportion of pediatric-onset patients fulfilled the diagnostic
criteria of ADEM compared to adult-onset patients. Finally, only two
patients in the pediatric group developed NMOSD within the follow-up
period. Because of the relatively short follow-up duration, the conver-
sion rate for ADEM and NMOSD must be confirmed in further long-
itudinal studies. None of the MOG-ON patients were diagnosed with
multiple sclerosis (MS). Another study similarly found that MOG-Ab-
positive patients generally do not meet the clinical or radiographic
criteria for MS. [26]

OCT measurements, such as of pRNFL and mGCIPL thickness, are
frequently used as structural markers of axonal loss in ON patients and
to differentiate between ON subtypes [27,28]. OCT studies showed that

PRNFL atrophy developed within 6 months in ON patients, and that
pRNFLthickness remained stable after 6 months [29]. Our study found
no significant differences between age subgroups in terms of OCT
measurements after 6 months of onset. We propose that this may be due
to differences in follow-up times and the relapse rates in our cohort.

In our cohort, optic nerve MRI scans showed perineural enhance-
ment in 52.0%, extensive longitudinal in 87.7%, and chiasmal in 11.3%
of the patients, and only two patients (1.9%) displayed optic tract in-
volvement. These results were similar to the values found in previous
studies [9,30] where MRI lesions in MOG-ON patients tended to involve
extensive longitudinal and perineural enhancement, with some ex-
tending to the optic chiasma and the tract. The intracranial portion of
the optic nerve was involved in more pediatric patients than young and
middle-aged patients (p = .014).

This study had several limitations. First, this was a single-center
study, which can introduce selection bias, interfering with the cause
and effect relationship. Second, this was a retrospective cohort, with
variable investigations, descriptions, and follow-up, and often limited
data was available for analysis. For example, SD-OCT data was avail-
able to review in 105 out of 188 eyes (55.9%). Third, MOG Ab titers
were measured within 1 month of ON onset or relapse, and no re-
lationship between titer and prognosis was discerned. Therefore, pro-
spective studies in multiple centers and involvement of patients of
varied ethnicities are required to clarify the influence of onset age on
the final prognosis of patients with MOG-ON.

5. Conclusion

Based on the results of this study, pediatric ON is the most common
MOG-ON subgroup in our single-center cohort. Pediatric patients had
different clinical features, including earlier age of onset, better recovery
of visual acuity, lower annual rates of relapse, and more intracranial
optic nerve involvement than young and middle-aged patients. Age of

Table 5
Comparison of optic nerve MRIs in different MOG-ON subgroups.
Total Pediatric Young Middle-aged P value

No. of patients (eyes) 106 (179) 57 (97) 31 (52) 18 (30)
Perineural enhancement, n (%) 93 (52.0) 50 (51.5) 25 (48.1) 18 (60.0) 0.578
Length involved more than half, n(%) 157 (87.7) 85 (87.6) 45 (86.5) 27 (90.0) 0.899
Orbital, n (%) 171 (95.5) 94 (96.9) 49 (94.2) 28 (93.3) 0.614
Canalicular, n (%) 123 (68.7) 69 (71.1) 32 (61.5) 22 (73.3) 0.405
Intracranial, n (%) 66 (36.9) 44 (45.4) 11 (21.2) 11 (36.7) 0.014
Chiasmal, n (%) 12 (11.3) 7 (12.3) 309.7) 2 (11.1) > 0.999
Optic tract, n (%) 21.9 2(3.5) 0 (0) 0 (0) 0.682

MRI, magnetic resonance imaging.
* p < .05.
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Fig. 1. Optic nerve abnormalities detected by MRI in
patients with MOG-ON. (A-D) Images from a 5-year-old
girl with MOG-ON showing bilateral prominent en-
hancement of optic nerve and sheath (perineural en-
hancement), extending along almost the entire nerve
(white arrows). (A) Axial T2-weighted Image. (B) T1
postcontrast Image. (C) Coronal T2-weighted Image.
(D) T1 postcontrast image. (E-H) Images from a 14-
year-old girl with MOG-ON showing longitudinally
extensive right optic nerve lesion extending from the
chiasm (white arrows). (E) Coronal T2-weighted Image
showing extensive T2 high signal in the right canali-
cular optic nerve. (F) T1 postcontrast image showing
lesion in the right canalicular optic nerve with marked
postcontrast enhancement. (G) Coronal T2 weighted
image showing extensive T2 high signal in the chiasm.
(H) T1 postcontrast image showing lesion in the chiasm
with marked postcontrast enhancement.
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onset may be a predictor for determining visual prognosis in MOG-ON
patients.
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