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Abstract 
● AIM: To compare the thickness of the peripapillary 
retinal nerve fiber layer (RNFL) and ganglion cell-inner 
plexiform layer (GCIPL) among patients with various 
forms of optic neuritis (ON) and to identify whether any 
particular parameters or their thinning pattern can be used 
to distinguish the type of ON. 
● METHODS: This prospective study was conducted at 
the Department of Ophthalmology, Faculty of Medicine, 
Siriraj Hospital, Thailand, between January, 2015 and 
December, 2016. We enlisted patients over 18 years of age 
with history of ON and categorized patients into 4 groups: 
1) aquaporin 4 antibodies (AQP4-IgG) positive; 2) multiple 
sclerosis (MS); 3) myelin oligodendrocyte glycoprotein 
antibodies (MOG-IgG) positive; 4) idiopathic-ON patients. 
Healthy controls were also included during the same study 
period. All patients underwent complete ophthalmological 
examination and spectral domain optical coherence 
tomography (OCT) imaging to analyze RNFL and GCIPL 
thickness after at least 3mo since the last episode of acute 
ON. The generalized estimating equation (GEE) models 
were used to compare the data amongst ON groups.
● RESULTS: Among 87 previous ON eyes from 57 patients 
(43 AQP4-IgG+ON, 17 MS-ON, 8 MOG-IgG+ON, and 19 
idiopathic-ON), mean logMAR visual acuity of AQP4-

IgG+ON, MS-ON, MOG-IgG+ON, and idiopathic-ON groups 
was 0.76±0.88, 0.12±0.25, 0.39±0.31, and 0.75±1.08, 
respectively. Average, superior, and inferior RNFL were 
significantly reduced in AQP4-IgG+ON, MOG-IgG+ON and 
idiopathic-ON eyes, relative to those of MS-ON. Differences 
were not statistically significant for RNFL or GCIPL 
between the AQP4-IgG+ON and MOG-IgG+ON groups, 
whereas visual acuity in MOG-IgG+ON was slightly, but 
not significantly, better (0.39 vs 0.76). Although RNFL 
thickness in MOG-IgG+ON was significantly reduced as 
compared to MS-ON, mean visual acuity and GCIPL were 
not different.
● CONCLUSION: Thinning of superior and inferior quadrants 
of RNFL are more commonly seen in MOG-IgG+ON and 
AQP4-IgG+ON. Long term visual acuity in MOG-IgG+ON 
is often better than AQP4-IgG+ON, whereas the structural 
change from OCT is comparable. 
● KEYWORDS: optical coherence tomography; neuromyelitis 
optica; multiple sclerosis; myelin oligodendrocyte glycoprotein 
antibody; optic neuritis
DOI:10.18240/ijo.2018.10.12

Citation: Mekhasingharak N, Laowanapiban P, Siritho S, Satukijchai 
C, Prayoonwiwat N, Jitprapaikulsan J, Chirapapaisan N, Siriraj 
Neuroimmunology Research Group. Optical coherence tomography 
in central nervous system demyelinating diseases related optic 
neuritis. Int J Ophthalmol  2018;11(10):1649-1656 

IntRoduCtIon 

O ptic neuritis (ON) is an inflammatory condition of the 
optic nerve commonly seen in central nervous system 

(CNS) demyelinating diseases such as multiple sclerosis 
(MS), neuromyelitis optica spectrum disorders (NMOSD) and 
recently recognized in myelin oligodendrocyte glycoprotein 
antibodies (MOG-IgG) related diseases. However, these 
causes may not be identifiable, especially in Asian populations. 
Several weeks after an ON attack, optic nerve fibers are lost, 
resulting to the thinning of the retinal nerve fiber and ganglion 
cell layers. Recent studies reported that the thinning quickly 
aggravates within the first 3mo from the onset of ON attack 
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and gradually continues until 6mo[1-3]. Damage to the optic 
nerve and its fibers can be measured objectively by optical 
coherence tomography (OCT) as a thickening of the retinal 
nerve fiber layer (RNFL) around optic nerve head and the 
ganglion cell-inner plexiform layers (GCIPL) at macula area 
(ganglion cell complex)[4-5].
Previous studies reported that ON in NMOSD resulted to a 
more severe RNFL and ganglion cell layer thinning than in 
MS, and suggested that OCT might be useful in differentiating 
NMOSD from MS[6-9]. However, comparative studies of the 
OCT in various types of CNS-demyelinating diseases are 
limited. Moreover, there are now only a limited number of published 
studies regarding OCT in MOG-IgG-positive patients.
The objective of this study was to identify whether any 
particular OCT parameters or their thinning pattern can be 
used to distinguish the type of ON.
SubjeCtS and MethodS
eligible Patients  This prospective study was conducted at the 
Department of Ophthalmology, Faculty of Medicine, Siriraj 
Hospital, Thailand, between January, 2015 and December, 
2016. We enrolled patients >18 years of age with a history of 
acute ON but were without an acute episode for at least the 
previous 3mo. Diagnosis of ON was based on a history of 
subacute onset of decreased vision, a relative afferent pupillary 
defect when unilateral, and gadolinium enhancement of the 
optic nerve on fat-suppressed magnetic resonance imaging (MRI) 
at onset. Exclusion criteria were patients with other optic nerve 
disorders (ischemic optic neuropathy, glaucoma, neuroretinitis, 
perineuritis, ON related with CNS infection/toxic/malignancy), 
macula diseases, pathologic myopia with spherical equivalent 
of the refractive error >6.0 diopters. This study was approved 
by Siriraj Institutional Review Board and was conducted in 
accordance with the Declaration of Helsinki for biomedical 
research. All participants gave their written consent.
We categorized patients with CNS demyelinating related ON 
as the follows. 1) AQP4-IgG+ON was defined as eyes with a 
history of ON from patients whose blood tested seropositive 
for aquaporin 4 antibody (AQP4-IgG; diagnosed as NMOSD 
with AQP4[10]). All serum samples were analyzed at Tohoku 
University to detect AQP4 and MOG antibodies using cell-
based assays[11-12]. 2) MS-ON was defined as eyes with a 
history of ON from patients who fulfilled the revised 2010 
McDonald Criteria for diagnosis of MS[13]. 3) MOG-IgG+ON 
was defined as eyes with a history of ON from patients that 
tested seropositive for MOG-IgG. MOG-IgG were measured 
using a cell-based assay[11-12]. Serum samples were obtained 
during attacks of disease. 4) Idiopathic-ON was defined as 
eyes with a history of ON from patients that did not meet the 
above definitions. 
All MS and MOG-IgG-positive-ON patients tested seronegative 
for AQP4-IgG. All patients with idiopathic-ON were tested 

for AQP4-IgG, MOG-IgG, lumber puncture for cerebrospinal 
fluid studies, blood test for other possible causes (VDRL, anti-
HIV, ANA, RF, anti-Ro/La, thyroid function test) and results 
were negative. 
Healthy controls were age-matched. They had no any ocular 
or systemic diseases which might affect RNFL thickness, 
including diabetes mellitus, glaucoma, age-related macular 
degeneration, optic neuropathy and ocular surgery or trauma. 
Eyes without a history of ON from patients with CNS 
demyelinating diseases were defined as non-ON eyes and 
considered as baseline on each type of ON (zero episode of 
ON). Visual field test results of all non-ON eyes included in 
this study were normal. 
ophthalmological examinations and optical Coherence 
tomography Protocol  All participants underwent complete 
ophthalmological examination, visual field testing, and spectral 
domain-OCT imaging. Best-corrected visual acuity (VA) was 
tested by using the ETDRS chart. Visual field was measured 
by using the Humphrey 750i Visual Field Analyzer (Carl 
Zeiss Meditec), 24-2 or 30-2 SITA-standard programs. Testing 
results with false-positive, false-negative, and fixation loss 
scores <25% were selected in the study. Visual field testing 
cannot be done in some patients with severe visual loss or 
physical limitation.
Peripapillary RNFL and GCIPL thicknesses were measured 
by using the Cirrus HD-OCT 5000 (SW Ver: 6.0.0.599, Carl 
Zeiss Meditec), protocol of optic disc cube scan of 200×200 
and macular cube scan of 512×128 centered on the fovea. The 
numeric values for all parameters are shaded as white, green, 
yellow, or red, with the yellow and red representing, <5% and 
<1%, respectively compared to the normative database. Only 
high-quality images with a signal strength index of at least 
6/10 were included.
Statistical analysis  Data analysis was performed using the 
statistical package IBM-SPSS 20.0. We used the generalized 
estimating equation (GEE) models, accounting for intrasubject 
inter-eye dependencies, to compare the data amongst ON 
groups, and Pearson Chi-Square test to compare thinning of 
RNFL among ON groups. Unpaired t-test was used to compare 
mean age and mean age at onset, and Fisher’s exact test for sex.
ReSultS
Fifty-seven patients (25 AQP4-IgG+, 12 MS, 6 MOG-IgG+, 
14 idiopathic-ON) and 30 healthy controls were registered, 
all of Asian descent. The demographic and clinical features 
of previous ON subjects and healthy controls are presented in 
Table 1. There were no significant differences in age at time 
of examination, age at onset, and sex ratio among the groups. 
In AQP4-IgG+ON group, OCT could not be evaluated in 3 
eyes that had severe visual impairment (no light perception 
in 3 eyes). OCT could not be obtained in 2 eyes and 1 eye in 
MOG-IgG+ and idiopathic ON respectively, because patients 
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had failed to do follow-up checkups 3mo after the ON attack. 
Finally, a total of 87 ON eyes (43 AQP4-IgG+ON, 17 MS-ON, 
8 MOG-IgG+ON, and 19 idiopathic-ON eyes) were utilized in 
the analysis. 
Because of the severe visual loss or physical limitation in 
some cases, high quality visual field tests could be obtained 
in 13 MS-ON, 8 MOG-IgG+ON, 13 idiopathic-ON, and only 
29 AQP4-IgG+ON eyes, as follows: mean deviation of visual 
field: -6.06±5.34, -10.54±5.66, -5.8±5.36, -9.45±9.04, and 
-0.75±1.13 in healthy controls.
Previous optic neuritis vs healthy Controls  VA in AQP4-
IgG+ON, MOG-IgG+ON and idiopathic-ON groups exhibited 
severe reductions relative to healthy control values (Table 2). 
In all previous ON groups, average and all quadrants of 
peripapillary RNFL were significantly less than healthy 
controls (P<0.001 for all, except P=0.034 for nasal quadrant in 
MS-ON). In comparison with healthy controls, OCT showed 
an average RNFL thickness loss of 36.2 μm in AQP4-IgG+ON, 
22.3 μm in MS-ON, 44.1 μm in MOG-IgG+ON and 33.7 μm 

in idiopathic-ON. Average and all sectors of macular GCIPL 
thickness from any previous ON groups were significantly 
different than those in healthy controls (P<0.001 for all). 
Visual acuity  VA for individual patients did not differ 
significantly among AQP4-IgG+ON, MOG-IgG+ON and 
idiopathic-ON groups. Indeed, mean logMAR VA was 
0.76±0.88 in AQP4-IgG+ON (correlated to acuity on a Snellen 
test of 20/115), 0.39±0.31 in MOG-IgG+ON (20/49), and 
0.75±1.08 in idiopathic-ON (20/112). Visual impairment 
was less severe in MS-ON with a mean VA of 0.12±0.25 
(20/26) (Table 2). VA was significantly lower in AQP4-
IgG+ON relative to that of MS-ON eyes (P<0.001). However, 
differences in VA was not significant between MOG-IgG+ and 
MS-ON groups (P=0.106; Table 3). 
Retinal nerve Fiber layer Measurement  Mean of average 
RNFL thickness was 65±11 μm in AQP4-IgG+ON, 79±9 μm 
in MS-ON, 57±13 μm in MOG-IgG+ON, 68±14 μm in 
idiopathic-ON. Average peripapillary RNFL thicknesses were 
lower in AQP4-IgG+ON, MOG-IgG+ON, and idiopathic-ON 

table 1 demographic data of patients with on                                                                                                                                           mean±SD

Characteristics AQP4-IgG+ MS MOG-IgG+ Idiopathic-ON HC

Patients 25 12 6 14 30

Sex (F/M) 24/1 11/1 4/2 13/1 28/2

Age (y) 43.3±13.5 (19-76) 40.8±13.3 (24-61) 38.3±14.9 (24-58) 44.3±6.2 (33-54) 42.9±1.7 (40-46)

Age at onset (y) 34.5±13.8 (17-71) 32.1±10.1 (17-50) 33.8±16.3 (18-54) 39.9±8.9 (21-54) -

Disease duration (y) 9.6±7.4 8±4 4.4±2.7 4±6.8 -

No. of ON attacks 2 (1-5) 1(1-5) 2.5 (1-3) 1 (1-2) -

History of bilateral ON, n (%) 13 (52) 4 (33) 3 (50) 4 (29) -

ON eyes, n (%) 46 (92) 17 (71) 10 (83) 20 (71) -

MS: Multiple sclerosis; ON: Optic neuritis; HC: Healthy controls.

table 2 Summary of Va and oCt results                                                                                                                                                     mean±SD

Parameters
ON (n=87)

HC (n=30)
AQP4-IgG+ON (n=43) MS-ON (n=17) MOG-IgG+ON (n=8) Idiopathic-ON (n=19)

VA (logMAR) 0.76±0.88 0.12±0.25 0.39±0.31 0.75±1.08 0.04±0.06
RNFL (μm)
Average 65±11 79±9 57±13 68±14 101±8
Superior 77±20 102±14 65±19 81±23 127±15
Nasal 57±10 65±10 55±6 59±10 73±11
Inferior 76±23 103±19 64±25 79±22 132±14
Temporal 51±12 52±14 46±10 53±19 74±7

GCIPL (μm) n=32 n=17 n=6 n=17 n=30
Average 57±7 68±9 58±11 57±10 85±4
Superior 56±8 68±9 59±10 59±11 86±4
Superonasal 56±7 69±14 56±14 57±12 88±4
Inferonasal 56±8 68±14 56±12 57±10 86±4
Inferior 58±7 68±10 60±11 57±10 83±4
Inferotemporal 60±10 68±12 58±10 57±10 84±4
Superotemporal 58±11 67±12 57±10 56±11 85±5

ON: Optic neuritis; MS: Multiple sclerosis; RNFL: Retinal nerve fiber layer; GCIPL: Ganglion cell-inner plexiform layers; HC: Healthy 
controls; VA: Visual acuity.
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eyes, when compared with those of MS-ON eyes (P<0.001, 
P<0.001, and P=0.026 respectively). RNFL thickness from 
superior and inferior quadrants of AQP4-IgG+ON, MOG-
IgG+ON, and idiopathic-ON eyes were significantly lower 
than those of MS-ON eyes. RNFL did not differ remarkably 
between the AQP4-IgG+ON and MOG-IgG+ON groups 
(P=0.661; Table 3).
Macular Ganglion Cell-inner Plexiform layer Measurement  
Average and all sectors of GCIPL of AQP4-IgG+ON, and 
idiopathic-ON eyes were evidently reduced than those of 
MS-ON eyes. GCIPL thickness did not differ significantly 
(P=1.0) between AQP4-IgG+ON and MOG-IgG+ON groups 
in concert with measurements from RNFL. Similar to VA test, 
GCIPL was not significantly different between MOG-IgG+ON 
and MS-ON groups (P=0.232; Table 3).
Color Scale Referenced to a normative database  According to 
the color scale for a normative database in the OCT peripapillary 

RNFL printout (measurements in red are considered RNFL 
thinning), MS-ON eyes showed thin superior and inferior 
quadrants in only 29.4% (5/17) and 17.6% (3/17) respectively, 
whereas non-MS-ON (AQP4-IgG+ON, MOG-IgG+ON, and 
idiopathic-ON) showed greater thinning in 77.1% (54/70) and 
75.7% (53/70) (Table 4). 
number of episodes of optic neuritis and optical 
Coherence tomography Measures  Eyes without a history 
of ON from patients with CNS demyelinating diseases were 
defined as non-ON eyes. AQP4-IgG+-non-ON (n=13), MS-
non-ON (n=23), MOG-IgG+-non-ON (n=1) and idiopathic-
non-ON (n=8) were considered as baseline on each type of ON 
(zero episode of ON). In MOG-IgG+ON, the episodes of ON 
attacks were 1, 2, and 3 in 1, 5 and 2 eyes, respectively.
After the first episode of ON, average RNFL thickness, 100 μm 
decreased by 33 to 67 μm, in AQP4-IgG+ON, 13 μm (92 to 
79 μm) in MS-ON, 19 μm (107 to 88 μm) in MOG-IgG+ON 

table 3 Comparisons of visual function, RnFl thickness, and GCIPl thickness among each cause of on (Gee)

Parameters AQP4-IgG+ON 
vs MS-ON

AQP4-IgG+ON vs 
MOG-IgG+ON

MS-ON vs 
MOG-IgG+ON

AQP4-IgG+ON 
vs idiopathic-ON

MS-ON vs 
idiopathic-ON

MOG-IgG+ON 
vs idiopathic-ON

VA (logMAR) <0.001a 0.144 0.106 1.0 0.346 1.0

RNFL

Average <0.001a 0.661 <0.001a 1.0 0.026 0.357

Superior <0.001a 0.590 <0.001a 1.0 0.007a 0.366

Nasal 0.053 1.0 0.007a 1.0 0.635 1.0

Inferior <0.001a 1.0 <0.001a 1.0 0.002a 0.794

Temporal 1.0 1.0 1.0 1.0 1.0 1.0

GCIPL 

Average <0.001a 1.0 0.232 1.0 0.004a 1.0

Superior <0.001a 1.0 0.263 1.0 0.038 1.0

Superonasal <0.001a 1.0 0.257 1.0 0.008a 1.0

Inferonasal <0.001a 1.0 0.171 1.0 0.004a 1.0

Inferior 0.004a 1.0 0.813 1.0 0.007a 1.0

Infero-temporal 0.008a 1.0 0.264 1.0 0.014 1.0

Supero-temporal 0.007a 1.0 0.176 1.0 0.007a 1.0

VA: Visual acuity; RNFL: Retinal nerve fiber layer; GCIPL: Ganglion cell-inner plexiform layers. aP<0.01.

table 4 thinning of peripapillary RnFl (referenced to a normative database)                                                                                            n (%)

RNFL 
thinning 
areas

AQP4-
IgG+ON 
(n=43)

MS-ON 
(n=17)

MOG-
IgG+ON 

(n=8)

Idiopathic-
ON (n=19) Pb

Pb

MS-ON 
vs AQP4-
IgG+ON

MS-ON 
vs MOG-
IgG+ON

MS-ON vs 
idiopathic 

ON

AQP4-IgG+ON 
vs MOG-
IgG+ON

Average 40 (93) 8 (47.1) 7 (87.5) 15 (78.9) 0.001a <0.001a 0.054 0.047 0.594

Superior 35 (81.4) 5 (29.4) 7 (87.5) 12 (63.2) 0.001a <0.001a 0.007a 0.043 0.677

Nasal 3 (7) 0 0 0 0.365 0.264 - - 0.441

Inferior 33 (76.7) 3 (17.6) 7 (87.5) 13 (68.4) <0.001a <0.001a 0.001a 0.002a 0.497

Temporal 18 (41.9) 8 (47.1) 4 (50) 10 (52.6) 0.875 0.714 0.891 0.738 0.67
aP<0.01; bPearson Chi-square test.
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and 26 μm (98 to 72 μm) in idiopathic-ON when compared 
with those of non-ON groups. Average GCIPL thickness 
decreased 26 μm (84 to 58 μm), 10 μm (77 to 67 μm), 8 μm 
(86 to 78 μm) and 23 μm (82 to 59 μm) in AQP4-IgG+ON, 
MS-ON, MOG-IgG+ON and idiopathic-ON, respectively. 
After subsequent ON attacks, RNFL thickness in the AQP4-
IgG+ON, MOG-IgG+ON, and idiopathic-ON groups tended 
to lessen, but differences were not statistically significant (Table 5, 
Figure 1). No significant decrease in GCIPL thickness was 
found in any ON groups after subsequent ON attacks.
dISCuSSIon 
Several previous studies reported NMOSD caused more severe 
RNFL thinning at 55-83 μm than in MS at 74-95 μm[6,14-23].
Our study demonstrated RNFL thickness in MS-ON were 
impaired less than in AQP4-IgG+NMOSD-ON, MOG-
IgG+ON and idiopathic-ON groups. We found the mean 
RNFL thickness was 65±11 μm in AQP4-IgG+ON, 79±9 μm 
in MS-ON, 57±13 μm in MOG-IgG+ON, and 68±14 μm in 
idiopathic-ON. These findings are in accordance with those of 
the previous reports and add more data to literature on OCT in 
MOG-IgG+ autoimmunity.
Few studies have reported macular GCIPL measurements in 
previous ON eyes. Our study found that GCIPL thickness from 
all macular sectors of all ON groups was significantly different 
and less than those from healthy controls (P<0.001). This 
may reflect the high sensitivity of GCIPL measurements in 
distinguishing between previous ON and normal eyes. 
Differences in macular GCIPL measurements between MS-ON 
and AQP4-IgG+ON remain debatable. Some studies reported 

greater GCIPL loss in AQP4-IgG+ON while others reported 
no difference[8,22-23]. We confirmed the smaller loss in MS-ON 
compared with that in AQP4-IgG+ON. 
Currently it is debated whether MOG-IgG-associated disorders 
should be classified as NMOSD or as opticospinal MS, or as 
a unique disease entity[24-25]. MOG-IgG have been detected in 
a proportion of AQP4-IgG negative NMOSD patients[11,26-28]. 
However, the clinical features, histopathology of lesions, 
and evidence from immunological studies of MOG-IgG+ 
patients have been shown to differ from those of AQP4-IgG+ 
patients[24-25,29-31].  

table 5 no. of episodes of on and the worsening of Va, RnFl, and GCIPl                                                                                          mean±SD

No. of episodes of ON AQP4-IgG+ 
(non-ON=13, ON=43)

MS 
(non-ON=23, ON=17)

MOG-IgG+ 
(non-ON=1, ON=8)

Idiopathic-ON 
(non-ON=8, ON=19)

VA (logMAR)
0 0.09±0.09 0.05±0.07 0.1 0.04±0.04
1 0.69±0.78 0.12±0.28 0 0.81±1.15
2 0.7±0.96 0.11±0.12 0.5±0.31 0.56±0.98
3 0.78±1 - 0.32±0.25 -
>4 1.5±1.32 0.12 - -

Average RNFL thickness (μm)
0 100±6 92±10 107 98±10
1 67±13 79±10 88 72±13
2 65±8 80±6 54±4 57±7
3 64±11 - 51±3 -
>4 54±3 82 - -

Average GCIPL thickness (μm) Non-ON=10, ON=32 Non-ON=23, ON=17 Non-ON=1, ON=6 Non-ON=8, ON=17
0 84±5 77±6 86 82±4
1 58±8 67±10 78 59±10
2 55±3 72±5 54±5 50±1
3 59±6 - - -
>4 60 64 - -

ON: Optic neuritis; VA: Visual acuity; RNFL: Retinal nerve fiber layer; GCIPL: Ganglion cell-inner plexiform layers.

Figure 1 Change of average RnFl thickness after each episode of on.
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We reported for OCT findings in MOG-IgG+ON an average 
RNFL thickness of 57 μm, average GCIPL thickness of 58 μm, 
correlated with logMAR VA of 0.39 (Snellen acuity 20/49) 
and mean deviation of visual field of -10.54. There was no any 
significant difference in OCT findings, including all quadrants 
of RNFL and all segments of GCIPL, between MOG-IgG+ON 
and AQP4-IgG+ON. RNFL of MOG-IgG+ON were obviously 
thinner when compared with that of MS-ON. Differences 
were significant at average, superior nasal and inferior RNFL 
quadrants (P<0.001, P<0.001, P=0.007 and P<0.001), 
respectively. Surprisingly there was no significant different in 
GCIPL between MOG-IgG+ON and MS-ON.
There are relatively few studies of OCT findings in MOG-
IgG+ON and their results are inconsistent. One study reported 
no significant difference in OCT between MOG-IgG+ON and 
MS-ON, but did not show the comparison between MOG-
IgG+ON and AQP4-IgG+ON[32]. One study, published in 
2017, reported that RNFL was better preserved in eyes of 
patients with MOG-IgG compared to those with AQP4-IgG[33]. 
However, a larger study on a Caucasian population reported 
severe RNFL and GCIPL thinning in MOG-IgG+ON were 
comparable to AQP4-IgG+ON[34] and in general accord with 
the findings of our study other than race of patients.
Some previous studies observed that MOG-IgG+ON patients 
have better visual recovery from relapses than AQP4-IgG+ON 
patients[11-12,33-35]. We found that VA in MOG-IgG+ON was 
slightly, but not significantly, better than that for AQP4-
IgG+ON, whereas the structural change from OCT was 
comparable. In this study, 7 of 8 MOG-IgG+ON experienced 
recurrent ON attacks which can result in the significant 
thinning of RNFL. However, severe thinning can still be 
observed after classifying it by the number of ON episode, 
particularly in recurrent ON (Figure 1). 
According to the results, wherein MOG-IgG+ON causes visual 
impairment and GCIPL thinning (but not RNFL) is comparable 
to MS-ON, may imply that MOG-IgG+ON preserve macular 
ganglion cells and central vision, which is in contrast to AQP4-
IgG+ON.
According to the correlation between number of episodes of 
ON and OCT thinning, Ratchford et al[7] estimated a single 
episode of ON caused a 31 μm decrease in RNFL thickness 
in patients with NMOSD and a reduction of 10 μm in MS. 
Moreover, subsequent episodes of ON in the same eye were 
estimated to each cause an additional loss of 10 μm of RNFL 
thickness in NMOSD in comparison with a non-significant 
change in the MS group[7]. Our study demonstrated that after 
the first episode of ON, average RNFL thickness decreased 
33 μm in AQP4-IgG+ON, 13 μm in MS-ON, 19 μm in MOG-
IgG+ON, and 26 μm in idiopathic-ON when compared with 
those baselines of non-ON groups. However, after subsequent 
ON attacks, RNFL thickness in the AQP4-IgG+ON, MOG-

IgG+ON, and idiopathic-ON groups showed a trend towards 
further thinning, but each episode of ON associated with an 
additional loss of <5 μm in RNFL thickness. These are the 
varying results between our study and Ratchford et al’s[7].
We also observed that the cases with history of single ON 
episode, OCT in MS-ON was significantly better compared 
with AQP4-IgG+ON than with MOG-IgG+ON. However, in 
a recurring second or more episodes, OCT findings in MOG-
IgG+ON were similar to AQP4-IgG+ON and apparently 
reduced its comparability with MS-ON. 
Some studies found that temporal quadrant of peripapillary 
RNFL are preferentially affected in MS-ON, whereas AQP4-
IgG+ON affected RNFL in all quadrants especially the 
superior and inferior[14,17-18,36]. Our study enlisted nearly all 
types of common inflammatory demyelinating ON and found 
that superior and inferior RNFL were two best parameters for 
distinguishing the type of ON (Tables 3, 4). 
Long term treatments differ among MS and other demyelinating 
diseases. Hence any decision on how a patient should 
be treated with disease-modifying therapies for MS or 
immunosuppressive agents for other types of ON is very 
important[34]. Some MS medications can activate attack of 
NMOSD[37-42]. Thus, OCT may have an important role in 
making a treatment decision.
Idiopathic-ON group in our study, which may also be referred 
to as unclear diagnostic group, showed poor visual outcome 
and thinning of inner retinal structure that is comparable to 
AQP4-IgG+ON group. These results may not be applicable 
to patients with Caucasian descent, wherein possibility to 
develop MS is high[43]. However, previous ON patients with 
unfavorable visual outcome and remarkably superior/inferior 
RNFL thinning should recognize other possible causes other 
than MS.  
Our study registered a relatively large number of patients, 
relative to the low prevalence of ON in human populations, 
especially those with AQP4-IgG. This study is one of only a 
few that reports on OCT findings in MOG-IgG+ON, especially 
amongst Asians. Our study included almost all types of 
common inflammatory demyelinating ON found in clinical 
practices. We also evaluated both RNFL and GCIPL in various 
aspects such as the assessment of OCT findings separated by 
quadrants and sectors, the use of a color scale referenced to a 
normative database, OCT findings correlated with the number 
of ON episodes. 
Limitations include the followings. First, MOG-IgG+ON 
is a rare disease and a reliable test for detecting MOG-IgG 
antibodies has recently become available. This study includes 
the small number of the MOG-IgG+ON patients that may 
limit the significance of the analysis. Second, the difference 
amongst the number of eyes in each group may interfere with 
the statistical analysis. Third, although the use of GEE models, 
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adjusting within patient inter-eye dependence, is suitable, 
evaluation of both eyes of the patients may add statistical bias 
to the study.
In summary, we demonstrate that OCT imaging for measurement 
of RNFL thickness seems to be better than GCIPL, residual VA 
and mean deviation of visual field for differentiating the types 
of ON. RNFL in MS-ON is better preserved when compared 
to that in others. Thinning of superior and inferior quadrants of 
RNFL are more commonly seen in non-MS previous ON. Long 
term VA in MOG-IgG+ON is often better than AQP4-IgG+ON, 
whereas the structural change from OCT is comparable.
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