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Abstract

Background
Antibodies against myelin-oligodendrocyte-glycoprotein (MOG-Abs) associated disorders (MOGAD) have
been recognized as a disease entity in their own right. Optic neuritis (ON) is the most common symptom
in MOGAD.

Objective
To demonstrate the differences in retinal microvascular characteristics between patients with MOGAD-ON
and aquaporin-4 antibody (AQP4-Ab) positive ON.

Methods
A prospective study in which optical coherence tomography (OCT) and optical coherence tomography
angiography (OCTA) were used to measure retinal and microvascular parameters.

Results
22 MOGAD-ON eyes, 32 AQP4-ON eyes and 60 control eyes were included in the study. The thickness of
RNFL and GCC in MOGAD-ON eyes is signi�cantly lower than that of HC (p <0.001, respectively), but
comparable to AQP4-ON eyes. The vessel density in retina capillary plexus (RCP) reduced signi�cantly in
MOGAD-ON than that in AQP4-ON (p < 0.05, respectively). Unlike AQP4-ON, the visual accuracy in
MOGAD-ON was positivitly correlated with vessel density of super�cial RCP (P = 0.010) and ON relaspe
times (P = 0.038).

Conclusion
The retinal neuro-axonal damages between MOGAD-ON and AQP4-ON were comparable. Unlike AQP4-ON
eyes, microvascular densities were signi�cantly reduced in MOGAD-ON, and was positively correlated
with the deterioration of visual acuity in MOGAD-ON.

1. Introduction
Antibodies against myelin-oligodendrocyte-glycoprotein (MOG-Abs) have been detected in several
autoimmune central nerve systems (CNS) disorders, in which the clinical characteristics often overlap
with aquaporin-4 (AQP4) Ab-negative neuromyelitis optica spectrum disease (NMOSD)[1, 2]. Recently,
MOG-Ab associated disorders (MOGAD) have been recognized as a disease entity in their own right due
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to the immunopathology mediated by MOG-Abs[1, 3, 4]. Optic neuritis (ON) is the most common neuro-
ophthalmic symptom in MOGAD, accounting for approximately 78% of MOGAD patients[5, 6]. MOGAD-ON
manifests as recurrent episodes and severe visual impairment (even blindness) with optic disc swelling
and extensive optic nerve lesions[7]. However, unlike NMOSD-ON with poor prognosis[8, 9], the vision
acuity is often preserved in MOGAD-ON because it responds well to steroids[10].

Both optical coherence tomography (OCT) and optical coherence tomography angiography (OCTA) are
non-invasive imaging techniques used to visualize the microstructures of fundus. OCT performs a real-
time and in vivo retinal biopsy to directly visualize the microstructure of human eye tissue, including the
peripapillary retinal nerve �ber layer (pRNFL) and ganglion cell complex (GCC)[11]. The pRNFL comprises
axons originating from ganglion cell neurons and reveals optic nerve status, macular GCC is a direct
re�ection of the intrinsic ganglion cell bodies, which can provide information about primary retinal
pathology[12]. OCTA generates high-resolution information on retinal and choroidal vessels, and gains a
better visualization of vasculature around optic disc and macula[13]. As cerebral and retinal vasculatures
are anatomically interconnected with similar features, a retinal vascular study would shed light on the
underlying pathogenesis of microvascular impairment and neuronal damage in center nervous system.

With the utilizing of retinal OCT and OCTA into clinical neuroimmunology, researchers successively
observed that pRNFL and GCC were signi�cantly thinning in NMOSD-ON[14, 15] and MOGAD-ON[10, 16],
and were consistent with their visual acuity loss. Similar to the peripapillary vascular attenuation reported
in NMOSD-ON10, the retinal vascular density also decreased in MOGAD-ON and was positively correlated
with number of ON episodes[17]. Evidences above indicated that the irreversible retinal damages were not
only presented in NMOSD-ON, but also in MOGAD-ON. The retinal destructions in NMOSD primarily result
from the irreversible damages of AQP4-Abs to Müller cells in retina[18]. But, in MOGAD-ON, the
pathologies of afferent visual system damages mediated by MOG-Ab is less well understood. As studies
to compare retinal microstructures and ocular vasculature in MOGAD-ON and AQP4-Abs-positive NMOSD-
ON (AQP4-ON) are limited, the severity of retinal damages following MOG-Abs and AQP4-Abs associated
ON have been inconclusive. In this study, we separately investigated the retinal structural and
microvascular characteristics between patients with MOGAD-ON and AQP4-ON, to demonstrate the
distinct underlying pathologies of visual impairments mediated by MOG-Abs and AQP4-Abs, which is
important for re�ning diagnoses and tailoring treatments.

2. Materials And Methods

2.1 Study participants
We performed a prospective study, Clinical and Imaging Patterns of Neuroin�ammation Diseases in
China (CLUE, NCT: 04106830). Patients who had a history of ON were enrolled from Jan. 2019 to Jan.
2021 in neurology department of Beijing Tiantan Hospital, Capital medical university. ON was de�ned as
the presence of an acute relapse lasting more than 24 hours and associated with decreased high-contrast
letter acuity, pain with eye movement, color desaturation and/or visual �eld (VF) abnormalities, with or
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without optic nerve swelling or enhancement visualized by magnetic resonance imaging (MRI). Ethical
approval for this study was obtained from the Institutional Ethics Committee at Beijing Tiantan Hospital.

The inclusion criteria for patients were as follows: (1) best corrected visual acuity (BCVA) of the eye with
better eyesight ≥20/400, intraocular pressure (IOP) ≤ 21.0 mmHg, refraction error between +3.00
diopters; (2) without ON attack within the last two months before enrolment; (3) serum MOG-Ab or AQP4-
Ab positive tested via cell-based assay (CBA); (4) able to perceive the light spot during OCT and OCT-A
examinations and cooperate with the examiner. Eyes with concomitant potentially confounding diseases
(glaucoma, diabetes mellitus, retinal surgery, retinal disease) were excluded. The inclusion and exclusion
criteria of health controls (HCs) were similar to those for the NMOSD group except for the BCVA≥ 20/25,
presence of eye diseases, and the absence of serum MOG-Ab and AQP4-Ab.

The AQP4-IgG antibody and MOG-IgG antibody testing were performed blindly at the Euroimmun Medical
Diagnostic Laboratory (China) using a �xed-cell-based indirect immuno�uorescence test on BIOCHIPs
(EUROIMMUN AG, Lübeck, Germany). Information including demographic data, disease duration of ON,
time since previous ON attack, ON relapse times and status of MOG-Abs and AQP4-Abs were collected
and reviewed. The evaluation of EDSS were evaluated independently by two neurologists according to a
prede�ned standard on the same day as the ophthalmoscopic examinations.

Early Treatment Diabetic Retinopathy Study (ETDRS) charts (Precision Vision, USA) was used to collect
the prognostic Best-Corrected Distance Visual Acuity (BCVA) of the patients with ON. The presented letter-
acuity scores may be converted to LogMAR (logarithm of the minimum angle of resolution) as follows:
LogMAR = -(0.02) * Letters + 1.1[19]. Due to statistical availability, VA (logMAR) < 0.0 is regarded as 0.0,
VA (logMAR) > 1.0 is regarded as 1.0, resulting in a range of VA (logMAR) from 0.0 (corrected decimal
VA≥20/20) to 1.0 (corrected Decimal system) VA≤20/200)[20].

2.2 OCT
The thickness measurements of pRNFL, inner retina and outer retina were performed with an RTVue-XR
Avanti spectral-domain OCT (Optovue, Inc., Fremont, CA, USA; software version 2017.1.0.155). Retinal
imaging was �rstly performed by a three-dimensional (3D) reference scan, which was used as the
reference and registration image for the EMM5 macular map. It consisted of a dense grid scan in a 6x
6mm area of central macula. The optic nerve head (ONH) scan consisted of 13 concentric rings with
diameter ranging from 1.3- 4.9mm and 12 radial lines with 3.4 mm length. The thickness of the retinal
nerve �ber layer (RNFL) was measured at a diameter of 3.45 mm around the center of the disk using the
ONH protocol. RNFL analysis was done in 8 sectors namely superotemporal (ST), superonasal (SN),
inferotemporal (IT), inferonasal (IN), nasal inferior (NI), nasal superior (NS), temporal inferior (TI), and
temporal superior (TS).

The perifoveal retina was divided into the inner retina and outer retina. The perifoveal retina scan is 1 mm
temporal from the foveal center, and consists of 15 vertical line scans, covering a 7mm square area[21].
Ganglion cell complex (GCC) was referred to the inner retina which comprised the RNFL, the ganglion cell
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layer (GCL), and the inner plexiform layer (IPL). The outer retina was measured from inner plexiform layer
(IPL) to retinal pigment epithelium (RPE) layer, which consist of the inner nuclear layer (INL), outer
plexiform layer (OPL), outer nuclear layer and inner segment layer (ONL+ISL), outer segment layer (OSL)
and retinal pigment epithelium (RPE).

2.3 OCTA
OCTA scans of the optic disc (4.5 * 4.5 mm) and macula (6 * 6 mm) were obtained by a spectral domain
system (RTVue-XR Avanti, Optovue, Fremont). The radial peripapillary capillary network was visualized on
scans within a 1.0 mm wide elliptical annular region extending outward from the optic disc boundary, and
the vasculature within the internal limiting membrane and the nerve �ber layer were analyzed
automatically using the software.

The parafoveal capillary network was observed on scans of a circular area with a diameter of 1 mm–3
mm surrounding the fovea, while the scan of the 3 mm–6 mm annular area around the parafoveal
capillaries was perifoveal capillary network. Both parafoveal and perifoveal capillary networks were
further divided into superior and inferior hemisphere, temporal section (TEM), nasal section (NAS), inferior
section (INF) and superior section (SUP). The super�cial retinal capillary plexus (SRCP) was analyzed
from 3 mm below the internal limiting membrane to the outer boundary of the IPL, and the deep retinal
capillary plexus (DRCP) was referred to the layer from IPL to ONL. The vessel density was calculated as
the percentage area occupied by the large vessels and micro-vessels in the analyzed region. They were
automatically generated in the whole scan area and in all sections using the software (V.2017.100.0.1,
Optovue, USA). The quality of OCTA images was blindly evaluated by two experienced ophthalmologists
to determine interobserver reproducibility. Poor-quality images with a signal strength index less than 40 or
images with residual motion artifacts were rejected.

2.4 Statistical Analysis
SPSS Statistics version 22 (IBM, Armonk, NY), and GraphPad Prism version 7.0 (GraphPad Software, La
Jolla, CA) were used to analyze and created graphs. Data were presented by n (%), mean (SD) or median
(range). The t-test or Mann–Whitney test were used for comparisons between demographic
characteristics and clinical presentations. The generalized estimating equation (GEE) was used
throughout the analysis whenever applicable for adjusting for age, gender, disease duration and the inter-
eye correlation. Pearson’s correlation was used to assess correlation between visual function and the
parameters of OCT and OCTA parameters. A p < 0.05 was considered statistically signi�cant.

3. Results

3.1 Demographic and clinical characteristics of the MOGAD-
ON and AQP4-ON.
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14 MOGAD-ON (22 eyes), 19 AQP4-ON (32 eyes) and 30 HC (60 eyes) participants were included in the
study. The demographic and clinical features of patients and healthy controls were presented in Table 1.
MOGAD-ON occurs in a similar age as AQP4-ON. The proportion of female in the MOG-ON (57.1%) was
signi�cantly lower than the proportion in AQP4-ON (89.5%, p = 0.047). The average visual accuracy of
MOG-ON during the acute phase was lower than that of AQP4-ON, but it is not statistically signi�cant (p =
0.156).

Table 1
The clinical characteristic of enrolled patients and health participants

  MOG-ON

(n=14, eyes=22)

AQP4-ON

(n=19, eyes=32)

HC

(n=30, eyes=60)

Number of patients 14 19 30

Gender (Male / Female) 6/8* 2/17 9/21

Age (years) 36.36 (14.93) 39.00 (11.84) 38.62 (12.20)

ON history (unilateral / bilateral) 6/8 6/13 NA

Number of eyes 22 32 60

ON disease duration (mon, per eye) 28.5 (2-132) 30.0 (1.5-144) NA

Number of ON episodes (n, per eye) 1.31 (0.57) 1.44 (0.88) NA

Time since last ON (mon, per eye) 6 (2-132) 12 (2-144) NA

Visual accuracy (logMAR, per eye) 0.38 (0.44) 0.66 (0.70) NA

EDSS 3.25 (1-6.5) 4.0 (2-6.5) NA

EDSS: expanded disability status scale; HC: health controls; MOGAD: MOG-Ab-associated disease;
ON: optical neuritis; NA: not applicable.

3.2 The retinal structure and vessel density in patients with
MOGAD-ON
Detailed afferent visual system parameters analyzed by OCT and OCTA were respectively summarized
and compared in Table 2 and Table3. Compared with the manufacturer's normative data, the thicknesses
of RNFL in all sections were reduced in 55%-86% of MOGAD eyes (Figure1) and signi�cantly lower than
HC group (p < 0.001 for all). Besides, the thickness of the inner retina and outer retina were signi�cantly
thinner in MOGAD-ON than that in HC (p < 0.001, p = 0.009, respectively).
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Table 2
Retina structural data of MOGAD-ON eyes in comparison to AQP4-Ab-ON eyes and HC

  MOG-
ON

AQP4-
ON

HC MOG-ON VS. AQP4-ON MOG-ON VS. HC

  Eye =
22

Eye =
32

Eye = 60 B SE p B SE p

pRNFL
(um)

76.95
(19.63)

77.59
(18.10)

119.74
(10.08)

-2.132 4.821 0.658 -41.783 3.175 0.000*

TEM-
RNFL
(um)

50.68
(18.12)

52.82
(13.06)

84.03
(9.38)

-5.446 4.138 0.188 -34.059 2.979 0.000*

SUP-
RNFL
(um)

93.85
(27.93)

95.50
(30.15)

146.31
(14.71)

-4.627 8.064 0.566 -51.120 4.501 0.000*

NAS-
RNFL
(um)

67.47
(15.56)

65.63
(13.66)

96.03
(15.68)

1.323 3.562 0.710 -27.713 3.877 0.000*

INF-
RNFL
(um)

94.81
(20.84)

96.20
(29.87)

152.58
(17.51)

-0.185 8.018 0.982 -55.214 5.126 0.000*

GCC
(um)

74.54
(11.16)

73.06
(12.06)

99.12
(5.07)

-2.141 3.324 0.519 -23.972 1.779 0.000*

Outer
Retina
(um)

171.04
(6.99)

174.83
(7.64)

175.62
(7.55)

-2.115 2.290 0.356 -5.210 2.007 0.009*

AQP4-ON: aquaporin4-IgG seropositive optical neuritis; B: beta; GCC: ganglion cell complex, also refer
to the inner retina; HC, health controls; INF: inferior quadrant; MOGAD: MOG-Ab-associated disease;
NAS: nasal quadrant; pRNFL: peri-papillary retinal nerve �ber layer; SUP: superior quadrant; SE:
standard error; TEM: temporal quadrant
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Table 3
Retina angiography data of MOGAD-ON eyes in comparison to AQP4-Ab-ON eyes and health controls

  MOG-
ON

AQP4-
ON

HC MOG-ON VS. AQP4-ON MOG-ON VS. HC

  Eye =
22

Eye =
32

Eye =
60

B SE p B SE p

Optic disk
RPC (%)

49.81
(4.95)

48.89
(6.28)

55.35
(3.82)

0.465 1.419 0.743 -4.927 0.929 0.000*

Capillary
RPC (%)

42.98
(5.22)

41.64
(7.03)

51.14
(2.13)

0.590 1.568 0.707 -7.900 0.791 0.000*

Super�cial retina VD

Whole VD
(%)

44.59
(5.50)

45.69
(6.48)

51.99
(2.88)

-2.758 1.444 0.056 -7.543 0.927 0.000*

Fovea (%) 13.971
(7.51)

15.28
(5.90)

19.91
(6.60)

-2.501 1.818 0.169 -6.724 1.632 0.000*

para-TEM
(%)

46.65
(6.71)

47.64
(7.13)

53.31
(3.38)

-2.003 1.569 0.202 -6.454 1.055 0.000*

para-SUP
(%)

47.87
(6.93)

48.86
(6.99)

54.53
(4.02)

-2.012 1.650 0.223 -6.532 1.225 0.000*

para-NAS
(%)

44.86
(7.20)

47.52
(6.79)

52.83
(3.86)

-4.233 1.574 0.007* -7.953 1.199 0.000*

para-INF
(%)

45.88
(7.62)

47.41
(6.93)

53.43
(4.76)

-3.087 1.769 0.081 -7.535 1.373 0.000*

peri-TEM
(%)

43.13
(4.29)

44.05
(5.56)

48.40
(2.77)

-1.806 1.170 0.123 -5.302 0.817 0.000*

peri-SUP
(%)

45.17
(5.88)

46.41
(7.61)

53.09
(2.98)

-3.253 1.740 0.062 -8.105 0.962 0.000*

peri-NAS
(%)

47.64
(6.70)

48.62
(6.77)

55.89
(2.77)

-2.591 1.577 0.100 -8.486 1.025 0.000*

peri-INF
(%)

45.15
(6.70)

45.94
(7.76)

52.53
(3.17)

-2.586 1.950 0.185 -7.561 1.085 0.000*

Deep retina VD

Whole VD
(%)

48.76
(7.89)

53.40
(6.35)

54.84
(5.41)

-3.976 1.854 0.032* -5.613 1.436 0.000*

Fovea (%) 29.69
(8.28)

32.28
(6.72)

37.12
(8.06)

-3.945 1.780 0.027* -8.367 1.878 0.000*

para-TEM
(%)

54.88
(8.76)

58.24
(4.82)

59.57
(3.72)

-2.064 1.653 0.212 -4.013 1.198 0.001*
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  MOG-
ON

AQP4-
ON

HC MOG-ON VS. AQP4-ON MOG-ON VS. HC

para-SUP
(%)

54.22
(7.69)

57.73
(4.75)

58.25
(4.35)

-1.488 1.532 0.331 -3.323 1.219 0.006*

para-NAS
(%)

54.68
(8.55)

58.14
(5.76)

59.47
(4.24)

-3.601 1.869 0.054 -4.364 1.202 0.001*

para-INF
(%)

51.61
(9.00)

56.50
(6.03)

57.38
(5.32)

-3.651 1.982 0.065 -5.019 1.344 0.001*

peri-TEM
(%)

52.67
(7.10)

55.36
(6.31)

57.86
(4.86)

-2.140 1.753 0.222 -4.837 1.327 0.000*

peri-SUP
(%)

48.24
(10.18)

54.27
(7.56)

56.40
(6.65)

-5.254 2.349 0.025* -7.665 1.845 0.000*

peri-NAS
(%)

48.17
(9.40)

55.43
(6.06)

55.01
(6.50)

-5.380 1.965 0.006* -6.095 1.723 0.000*

peri-INF
(%)

48.68
(8.75)

53.83
(7.57)

55.21
(6.70)

-4.350 2.217 0.050 -6.012 1.750 0.001*

AQP4-ON: aquaporin4-IgG seropositive optical neuritis; B: beta; GCC: ganglion cell complex; HC, health
controls; INF: inferior quadrant; MOGAD: MOG-Ab-associated disease; NAS: nasal quadrant; pRNFL:
peri-papillary retinal nerve �ber layer; SUP: superior quadrant; SE: standard error; TEM: temporal
quadrant; VD: vessel densities

As for the retinal vessel density between MOGAD-ON and HC, the average vessel densities of optic disk
radial peripapillary capillaries (RPC) and retina in MOGAD-ON were signi�cantly lower than that in HC (p <
0.001 for all, see Table 3). Moreover, the parafoveal and perifoveal vessel densities in each quadrant were
also dramatically reduced in MOGAD-ON compared with HC group (Table 3).

3.3 The difference of retinal structure and vessel density
between MOGAD-ON and AQP4-ON groups
The RNFL thickness of each quadrant and the thickness of the inner and outer retinal layers showing no
signi�cant difference between MOGAD-ON and AQP4-ON eyes (Figure 1 and Table 2). In term of
super�cial retinal capillary plexus (SRCP), the nasal parafoveal vessel densities were signi�cantly
decreased in MOGAD-ON eyes compared to AQP4-ON eyes (B = -4.233, SE = 1.574, p = 0.007, Table3). As
for the deep retina capillary plexus (DRCP), the whole vessel density and perifoveal vessel densities in
foveal, superior and nasal area were signi�cantly decreased in the MOGAD-ON eyes than that in AQP4-ON
eyes (p = 0.032, p = 0.027, p = 0.025, p = 0.006, respectively, Table3).

3.4 The correlation analysis between OCTA and OCT
parameters in ON episodes.
GEE analyses were adjusted for age, gender, disease duration and relapse times of ON, and revealed that
the super�cial retinal vessel densities of all sectors were positively correlated with the thickness of RNFL
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and inner retina layer in all patients. The whole deep retinal vessel densities, as well as parafoveal and
perifoveal vessel densites in some sectors were also signi�cantly positively correlated with the thickness
of outer retina layer (Table 4).
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Table 4
the correlation between OCT angiography parameters and OCT parameters in ON

  RNFL Average Inner Retina (GCC) Outer Retina

  B SE p B SE p B SE p

Super�cial retinal capillary plexus

Whole VD (%) 0.181 0.399 0.000* 0.238 0.059 0.000* 0.022 0.114 0.850

Fovea (%) 0.138 0.057 0.015* 0.199 0.081 0.014* -0.298 0.136 0.029*

para-TEM (%) 0.171 0.048 0.000* 0.197 0.071 0.006* -0.012 0.127 0.925

para-SUP (%) 0.168 0.048 0.000* 0.199 0.072 0.005* 0.015 0.128 0.910

para-NAS (%) 0.168 0.047 0.000* 0.179 0.714 0.012* 0.122 0.125 0.328

para-INF (%) 0.165 0.052 0.002* 0.254 0.073 0.001* 0.126 0.135 0.352

peri-TEM (%) 0.116 0.038 0.002* 0.192 0.054 0.000* 0.005 0.095 0.960

peri-SUP (%) 0.242 0.044 0.000* 0.293 0.069 0.000* -0.058 0.136 0.671

peri-NAS (%) 0.199 0.421 0.000* 0.232 0.065 0.000* -0.001 0.122 0.993

peri-INF (%) 0.228 0.052 0.000* 0.341 0.072 0.000* 0.094 0.145 0.517

Deep retinal capillary plexus

Whole VD (%) 0.044 0.054 0.412 0.045 0.772 0.563 0.241 0.122 0.048*

Fovea (%) 0.142 0.059 0.015* 0.149 0.084 0.074 -0.180 0.134 0.178

para-TEM (%) 0.045 0.057 0.427 -0.063 0.079 0.425 0.187 0.123 0.127

para-SUP (%) 0.002 0.054 0.963 -0.100 0.074 0.174 0.259 0.112 0.021*

para-NAS (%) 0.024 0.058 0.681 -0.072 0.081 0.374 0.269 0.132 0.041*

para-INF (%) -0.014 0.064 0.827 -0.101 0.089 0.257 0.302 0.135 0.025*

peri-TEM (%) 0.034 0.055 0.544 0.028 0.079 0.725 0.171 0.119 0.150

peri-SUP (%) 0.067 0.747 0.368 0.011 0.106 0.919 0.285 0.160 0.075

peri-NAS (%) -0.005 0.068 0.943 -0.070 0.096 0.462 0.327 0.142 0.021*

peri-INF (%) 0.069 0.066 0.294 0.058 0.093 0.533 0.305 0.139 0.028*

B: beta; GCC: ganglion cell complex; INF: inferior quadrant; NAS: nasal quadrant; pRNFL: peri-papillary
retinal nerve �ber layer; SUP: superior quadrant; SE: standard error; TEM: temporal quadrant; VD:
vessel densities

3.5 The correlation analysis between visual function and the
parameters of OCT and OCTA
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In MOGAD-ON, the LogMAR was signi�cantly correlated with the average pRNFL thickness (r = -0.571, P =
0.006), average inner retina thickness (r = -0.593, P = 0.004), and the average vessel density of super�cial
retina (r = -0.578, P = 0.006), Figure 2). After adjusted for the RNFL and inner retina thicknesses and
potential interactions with ON, the LogMAR was signi�cantly correlated with vessel density of super�cial
retina capillary plexus (GEE B = -0.031, SE = 0.012, P = 0.010) and ON relaspe times (GEE B = 0.166, SE =
0.080, P = 0.038).

As for AQP4-ON, the LogMAR was signi�cantly related to the average pRNFL thickness (r = -0.714, P <
0.001), average inner retina thickness (r = 0.849, P < 0.001), the average vessel density of super�cial
retina (r = -0.777, P < 0.001) and average vessel density of deep retina (r = -0.443, P = 0.011). In adjusted
GEE models, the LogMAR was signi�cantly related to the thickness of inner retina layer (GEE B = -0.051,
SE = 0.010, P < 0.001), rather than any retinal vessel density.

4. Discussion
In this study, we mainly demonstrated differences of retinal microstructure and vasculature between
MOGAD-ON and AQP4-ON. MOGAD-ON eyes presented with severe thinning of RNFL, the extent and
quadrant of which were comparable to eyes with AQP4-ON. The vessel densities of DRCP in macular area
of MOGAD-ON eyes were signi�cantly lower than that of AQP4-ON eyes. Furthermore, the reduced
microvascular densities were positively correlated with the deterioration of the visual acuity in MOGAD-
ON.

MOGAD has gradually been a separate disease entity from NMOSD as the distinct pathologies mediated
by MOG-Abs. In previous studies, changes of the retinal structure in MOGAD eyes and NMOSD eyes have
been separately described[22, 23]. Consistent with the previous observations of pRNFL thinning and
ganglion cell loss in MOGAD, we also described that the average thickness of RNFL in MOGAD-ON eyes
was signi�cantly lower than that in normal eyes. It is indicated that the apoptosis of retina ganglion cells
and the retrograde degeneration of its axons existed in MOGAD-ON eyes.

However, OCT �ndings regarding the comparison of retinal microstructure changes between MOGAD-ON
and AQP4-ON eyes have been inconclusive. Some studies have shown that compared with AQP4-Ab-
positive NMOSD, MOGAD-ON leaded to less severe retinal damages[24, 25], but others including us found
comparable thinning of the RNFL and GCIPL between these two groups[16, 22]. AQP4-Abs could directly
attack AQP4 proteins highly expressed on the surface of Müller cells (mainly located in the INL) and
astrocytes (mainly located in the RNFL) [18]. Müller cells are involved in various homeostatic functions of
the retina. The loss of AQP4 reduces the capability of Müller cells to maintain osmotic pressure and
induces retinal in�ammation, leading to irreversible damages to the retina[26]. Unlike AQP4, MOG is a
myelin protein speci�cally expressed at the outermost surface of myelin sheaths and oligodendrocyte
membranes[27], and the autoimmune response to MOG cause demyelination[28]. The retinal ganglion
cells are myelinated by oligodendrocytes when the bundle passes through the lamina cribrosa[29].
Consequently, retinal changes observed in MOGAD are expected to be a retrograde degenerative process.
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The OCTA data regarding MOG-Ab associated retinal vessels degeneration are scarce. In conformity with
previous study[17], the microvascular densities of SRCP and DRCP in MOGAD eyes were signi�cantly
lower than that of normal eyes. We further found out that retinal microvascular densities, especially in the
DRCP, were signi�cantly lower in MOGAD than in AQP4-Abs-ON. Similar to previous studies[30], the whole
deep retinal vessel densities were also signi�cantly positively correlated with the thickness of outer retina
layer. The retinal microcirculation are high oxygen extraction systems whose �ow is related with local
neuronal activity[31]. The density of the capillary plexus used for oxygen diffusion in retina is more
compressed in the deep layer than surface layer[9], thus any insult to it could lead to vascular retinal
abnormalities. The retinal blood vessels share similar anatomic, physiological, and embryological
characteristics to the cerebral vessels. It seems to indicate that the presence of MOG-Ab may be related to
more severe vascular damages. A case of MOGAD presented with primary CNS vasculitis with
perivascular in�ammatory cell in�ltration[32]. And another study con�rmed that all vessels in MOG-Abs
related demyelinating lesions were accompanied by macrophages during the acute phase, which was
clearly different from AQP4-Abs-positive NMOSD[33]. Therefore, we speculate that MOG-Abs might cause
the retinal destruction and degeneration by leading the peri-microvascular in�ammation, rather than
directly damaging retinal ganglion cells and their axons.

MOGAD-ON relatively preserved visual acuity compared with AQP4-ON, even if the severity of retinal
damages was similar[34]. Unlike AQP4-IgG seropositivity ON, poor visual accuracy was related to
changes of retinal structure and function[34], the deterioration visual accuracy in MOGAD patients was
related with the reduction of microvascular density of SRCP after adjusting the correlation. The visual
stimulation can increase neural activity and cerebral blood �ow under normal physiological
conditions[35]. Therefore, we speculate that when the retinal microvascular structure was damaged by
in�ammatory or any other pathologies, retinal perfusion becomes insu�cient and affects the activity of
retinal ganglion cells and causes photoreceptor damages in MOGAD-ON.

The limitations of our study mainly included that the sample size was relatively small, which is expected
given the rarity of these conditions. Whether the vascular changes precede the changes of retinal
structure or secondary to retinopathy cannot be proved. In addition, we didn’t include eyes that were
positive for MOG-Ab and AQP4-Ab because "double positive" cases were extremely rare.

In conclusion, the retinal neuro-axonal damages in MOGAD-ON were comparable to AQP4-Abs-positive
ON. Compared to AQP4-Abs, the MOG-Abs might be related to more severe vascular damages. And the
reduced microvascular densities were positively correlated with the deterioration of the visual acuity in
patients with MOGAD-ON. Here, we stressed the different pathophysiology between MOGAD-ON and
AQP4-ON, but mechanisms by which MOG-Abs destroys the retinal structure and function is still unclear.
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Figure 1
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The proportion of eyes with reduced RNFL in each quadrant (MOGAD-ON and AQP4-ON) Compared with
the manufacturer's speci�cation data, MOGAD-ON eyes with reduced thickness of RNFL in different
quadrants accounted for 55%-86%. AQP4-ON eyes with reduced thickness of RNFL in different quadrants
accounted for 58%-81%. Among them, the proportion of eyes with decreased RNFL in TS, ST, SN, IT and
IN were higher than other areas. TS: temporal-superior quadrant; ST: superior-temporal quadrant; SN:
superior-nasal quadrant; NS: nasal-superior quadrant; NS: nasal-superior quadrant; IN: inferior-nasal
quadrant; NI: nasal-inferior quadrant; IT: inferior-temporal quadrant; TI: temporal-inferior quadrant.

Figure 2

The correlation between retinal structural and microvascular characteristics and visual accuracy. A-D:
Scatter plots respectively show the correlation between visual accuracy and pRNFL, inner retina,
super�cial retinal VD, and deep retinal VD in MOGAD-ON eyes. pRNFL: peri-papillary retinal nerve �ber
layer; VD: vessel densities. E-H: Scatter plots respectively show the correlation between visual accuracy
and pRNFL, inner retina, super�cial retinal VD, and deep retinal VD in AQP4-ON eyes.


