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ARTICLE INFO ABSTRACT

Keywords: Background: Retinal optical coherence tomography (OCT) can differentiate definite NMOSD (dNMOSD) from
ocT multiple sclerosis (MS), but has not been evaluated in patients with a high clinical suspicion of NMOSD and not

NMOSD fulfilling the current consensus diagnostic criteria, referred in this paper as “potential” NMOSD (pNMOSD).

glzl;f; Aim: To compare the retinal OCT measurements between patients with pNMOSD, dNMOSD, MS, and reference
INL healthy controls (HC).

mRNFL Material and methods: In this cross-sectional study, clinical and demographic characteristics, as well as OCT
ONL measurements of peripapillary retinal nerve fiber layer (pRNFL), inner nuclear layer (INL), macular retinal nerve
Macular volume fiber layer (mRNFL), outer nuclear layer (ONL) ganglion cell/inner plexiform layer (GCIPL), and macular volume
MS (MV) were compared between groups. Mixed-effects regression models adjusting for within-patient inter-eye

correlations, controlling for age, gender, disease duration and history of optic neuritis per eye were explored.
Subgroup analyses were performed on eyes with previous optic neuritis.

Results: 234 eyes (20 pNMOSD, 33 dNMOSD, 138 MS, and 43 HC) were included. Controlling for age, gender,
disease duration, and history of optic neuritis per eye, pPNMOSD eyes showed decreased GCIPL, pRNFL, mRNFL
and MV thicknesses, similar to eyes with ANMOSD, but significantly thinner than MS and HC subjects’ eyes.
Similar results were obtained for the pRNFL, mRNFL, GCIPL, INL and MV thickness in the subgroup analysis
exploring only eyes with history of optic neuritis (12 pNMOSD, 15 dNMOSD, and 27 MS).

Conclusion: Retinal OCT measurements in patients with pNMOSD were similar to dNMOSD, but significantly
lower than patients with MS and healthy controls. This suggests that retinal OCT measures could be helpful
markers supportive of NMOSD diagnosis and should be explored in larger studies as a valuable addition to the
current consensus diagnostic criteria.

1. Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is an autoimmune
inflammatory disorder that affects the brain and the spinal cord, most
frequently the optic nerve (optic neuritis or ON), and/or the spinal cord
(myelitis). Patients with NMOSD experience repeated attacks separated
by periods of remission (Lalan et al., 2012). The clinical and radiological
semiology of these attacks is often similar (although frequently more

severe) to other diseases such as multiple sclerosis (MS), acute dissem-
inated encephalomyelitis (ADEM), idiopathic acute transverse myelitis,
idiopathic optic neuritis, inflammatory diseases associated with myelin
oligodendrocyte glycoprotein, sarcoidosis, and other systemic autoim-
mune diseases (Kim et al., 2017). The identification of aquaporin-4
specific autoantibodies (AQP4- IgG) has acquired a crucial role in
diagnosing NMOSD (Kim et al., 2017). However, even with the most
sensitive assays (i.e. cell-based assay), 10-40% of patients diagnosed

Abbreviations: pNMOSD, potential neuromyelitis optica-spectrum disorder; dNMOSD, definite NMO-spectrum disorder; RRMS, relapsing remitting multiple
sclerosis; pRNFL, peripapillary retinal nerve fiber layer; INL, inner nuclear layer; mRNFL, macular retinal nerve fiber layer; ONL, outer nuclear layer; GCIPL, ganglion

cell/inner plexiform layer; MV, macular volume.
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Table 1
Clinical features of ANMOSD patients.
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Patient First Symptom Anti-AQP4 Anti-MOG Current Treatment Previous Treatment ON EPs results
Number seropositivity seropositivity (during observation episodes
period) history
1 Right ON Positive NA Rituximab Interferon beta-1a 2 NA
2 Bilateral Lower Positive NA Rituximab None 0 NA
Extremity Weakness
and Numbness
3 Right ON Positive Negative Rituximab None 3 Moderate Left VEP
Severe Right VEP,
Normal BAEP, Normal
SSEP
4 Bilateral Lower Positive NA None Azathioprine, Rituximab 0 Moderate Bilateral
Extremity Numbness VEPs, Normal BAEPs,
Mild Bilateral SSEPs
5 Gait problems and Positive NA Rituximab None 2 Severe Bilateral VEPs,
Numbness in Lower Normal BAEP, Severe
Extremities Bilateral SSEPs
6 Right Upper Positive NA Rituximab Azathioprine 0 Mild Right VEP, BAEP
Extremity Burning NA, SSEP NA
Sensation
7 Bilateral Lower Positive NA Rituximab Monthly Intravenous 0 Severe Bilateral VEPs,
Extremity Numbness Immunoglobulins BAEP NA, SSEP NA
8 Right Upper and Negative NA Rituximab Mycophenolate, Interferon beta- 1 NA
Lower Extremity 1a,Rebif, Azathioprine, Monthly
Weakness Intravenous Immunoglobulins
9 Vertigo and Left ON Negative NA Rituximab None 1 Mild Left VEP, Normal
BAEPs, Mild Bilateral
SSEPs
10 Left ON Negative NA Rituximab Interferon beta-1a,Rebif, 1 Mild Left VEP, Normal
Azathioprine BAEP, Mild Right SSEP
11 Right Lower Negative NA Rituximab None 1 NA
Extremity Weakness
12 Bilateral ON Negative Negative None Interferon beta-1a, Azathioprine, 1 Mild Right VEP,
Rituximab Abnormal Bilateral
BAEP, Abnormal
Bilateral SSEP
13 Left Lower Extremity  Negative NA Rituximab None 0 Normal bilateral VEPs,
Weakness and Normal Bilateral BAEP,
Numbness Mild bilateral SSEP
14 Urinary Incontinence ~ Negative Negative Rituximab Azathioprine 0 Mild Right VEP,
and Imbalance Moderate Left BAEP,
Severe Left SSEP, Mild
Right SSEP
15 Right Arm Pain Negative NA Rituximab Azathioprine 0 Normal VEPs, Normal
BAEPs, Normal SSEPs
16 Right Arm Pain and Negative Negative Rituximab None 0 NA
Numbness
17 Gait Imbalance and Negative NA Rituximab None 0 Severe Right VEP,

Left hand Tremor

Moderate Left VEP,
Normal BAEP, Bilateral
Severe SSEPs

Abbreviations: ON: Optic Neuritis; EPs: Evoked Potentials; VEPs: Visual Evoked Potentials; BAEP: Brainstem Auditory Evoked Potentials; SSEPs: Somatosensory
Evoked Potentials; Anti-MOG: anti-myelin oligodendrocyte glycoprotein antibodies; Anti-AQP4: Anti-aquaporin 4 antibodies; NA: Not Available.

with NMOSD are seronegative for serum aquaporin-4 immunoglobul-
in-G antibody (Mariotto et al., 2017). Diagnosis becomes difficult in the
absence of these autoantibodies in the patients’ serum, with much more
stringent criteria needed for diagnosis as seronegative NMOSD accord-
ing to the 2015 Wingerchuk consensus diagnostic criteria for NMOSD
(Bertsch-Gout et al., 2018). This is further complicated by the lack of
availability of the appropriate AQP4-Ab assays in many centers
(Bertsch-Gout et al., 2018). MS is the main entity in the differential
diagnosis (Dutra et al., 2018) and the correct diagnosis of NMOSD is
important because of a different pathophysiology and response to
treatments as compared to MS, with possible worsening of NMOSD if
inappropriately treated with some MS medications. Therefore, new
NMOSD-specific biomarkers are needed to improve the differentiation of
NMOSD from MS and other diseases, to enable the physician to initiate
timely treatment.

Spectral-domain optical coherence tomography (SD-OCT) has been
extensively used in quantifying neuro-axonal damage through the
noninvasive in-vivo thickness measurement of the optic nerve and the

macula (Mateo et al., 2017; Outteryck and Vermersch, 2016). Indeed,
MS and NMOSD patients with optic neuritis have a significantly reduced
peri-papillary retinal nerve fiber layer (pRNFL) and macular thicknesses
(Outteryck and Vermersch, 2016). Furthermore, these measures were
reduced to a greater extent in NMOSD (average pRNFL loss of 35 p more
than in MS) (Outteryck and Vermersch, 2016; Schneider et al., 2013;
Vabanesi et al., 2019). Similarly, the ganglion cell inner plexiform layer
thickness (GCIPL) was more severely affected in NMOSD than in MS
patients (Schneider et al., 2013).

In clinical practice we often encounter subjects with repeatedly
negative AQP4- IgG titers who do not satisfy the 2015 Wingerchuk
diagnostic consensus criteria for NMOSD (Wingerchuk et al., 2015), but
clinically behave like NMOSD. These patients (hereby referred to as
potential NMOSD patients, pPNMOSD) are diagnosed as myelitis, optic
neuritis, chronic relapsing inflammatory optic neuritis or MS even
though they might be seronegative NMOSD (Mealy et al., 2012). The
absence of a biomarker makes their management more challenging. We
hypothesized that retinal OCT imaging could be used to categorize these
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Table 2

Clinical features of pNMOSD patients.
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Patient First Symptom Anti-AQP4 Anti-MOG Current Treatment (during  Previous Treatment ON EPs results
Number sero- sero- observation period) episodes
positivity positivity history
1 Gait imbalance, Vertigo, Negative NA Rituximab Interferon beta-1a 2 NA
Lower Extremity Numbness
2 Left ON Negative Negative Rituximab None 2 NA
3 Left Upper Extremity Negative Negative None None 0 NA
Numbness
4 Bilateral ON Negative Negative Rituximab None 1 NA
5 Left Lower Extremity Negative NA None Interferon beta-1a, 0 Normal VEPs, Normal
Weakness Azathioprine, BAEP, Abnormal
Rituximab Bilateral SSEPs
6 Right ON Negative NA Rituximab None 2 Moderate Left VEP,
Severe right VEP,
Bilateral Mild SSEPs
7 Urinary Retention, Burning Negative Negative Azathioprine Interferon beta-1a 2 Normal VEPs, Normal
Sensation, and Bilateral BAEPs, Normal SSEPs
Lower Extremities
8 Right Lower Extremity Negative NA None Mitoxantrone, 0 NA
Weakness Mycophenolic acid
Gait Imbalance and Left ON  Negative NA Rituximab None 2 NA
10 Bilateral ON Negative Negative Cyclophosphamide Rituximab 4 Bilateral Severe VEPs,
Normal BAEPs, Normal
SSEPs
11 Numbness in All extremities ~ Negative Negative Rituximab None 2 Severe Left VEP and

moderate Right VEP.
BAEPs NA, SSEPs NA

Abbreviations: ON: Optic Neuritis; EPs: Evoked Potentials; VEPs: Visual Evoked Potentials; BAEP: Brainstem Auditory Evoked Potentials; SSEPs: Somatosensory
Evoked Potentials; Anti-MOG: anti-myelin oligodendrocyte glycoprotein antibodies; Anti-AQP4: Anti-aquaporin 4 antibodies;

OCT NMOSD study March 2022 with segmentation.

subjects as more similar to definite NMOSD than to MS.
2. Methods

We conducted a cross-sectional study including 120 subjects (17
patients fulfilling the 2015 Wingerchuk consensus criteria for ANMOSD
(Table 1), 70 patients fulfilling the 2017 McDonald criteria for MS, 11
patients with pNMOSD (Table 2), and 22 HC). Patients were identified in
the AMIR (AUB Multiple Sclerosis Interdisciplinary Research) registry of
the Nehme and Therese Tohme MS center at the American University of
Beirut (AUB) between 2014 and 2019. The study was approved by the
AUB Institutional Review Board, with all subjects providing written
informed consent for participation.

Potential NMOSD (pNMOSD) patients were those with history of ON
attacks and/or transverse myelitis (TM), not diagnosed as MS or any
other inflammatory disorder after workup, and with a typically relaps-
ing course with negative AQP4- IgG. These pNMOSD patients did not
fulfill the 2015 Wingerchuk criteria for NMOSD because one of the
following reasons:

- had only one core criterion.

- had two core criteria, but did not have dissemination in space by
MRI.

- had two core criteria but did not fulfill the additional MRI
requirements.

Relapsing remitting MS, dNMOSD, pNMOSD, and HC subjects un-
derwent retinal imaging and chart review of their clinical characteris-
tics. Retinal scans were performed at the MS center by trained research
fellows using SD-OCT (Cirrus HD-OCT, Carl Zeiss Meditec, Dublin,
California). Peripapillary and macular measures were obtained with the
Optic Disc Cube 200 x 200 protocol and Macular Cube 512 x 128
protocol, respectively. Scans with signal strength less than 7/10, or with
artifacts were excluded, in accordance to OSCAR-IB criteria (Tewarie
et al., 2012). These criteria were developed based on recognition of: (O)
obvious problems, (S) poor signal strength, (C) centration of scan, (A)

algorithm failure, (R) retinal pathology other than MS related, (I) illu-
mination and (B) beam placement (8). Scans were assessed for any
macular pathology such as microcystic macular edema [MME]. Eyes
with history of ON less than three months (acute or subacute ON) prior
to the OCT scan were excluded (Fig. 1). OCT methods and results were
reported in accordance to the consensus Advised Protocol for OCT Study
Terminology and Elements (APOSTEL) recommendations (Cruz-Her-
ranz et al., 2016). The segmentation method uses a validated algorithm
that generates thickness measurements by averaging the thickness
values (Lang et al., 2013). This reproducible segmentation method
showed adequate power in differentiating between MS and HC retinal
measurements (Bhargava et al., 2015).

Previous studies showed that OCT segmentation is highly repro-
ducible, with an inter-visit-intra-class correlation coefficients ranging
from 0.91 to 0.99 for all retinal thickness measurements (Saidha et al.,
2011).

The OCT variables investigated were pRNFL (microns), mRNFL
(microns), the GCIPL (microns), the macular volume (MV, in mmg), the
INL (microns) and the ONL (microns). We compared the retinal layers’
thicknesses between the diagnostic groups (MS, dNMOSD, pNMOSD,
and HC) using mixed-effects regression models adjusting for within-
patient inter-eye correlations, with random intercepts and slopes per-
subject, adjusted for age, gender, as well as disease duration and his-
tory of optic neuritis per eye. Comparisons between patients and HC
were adjusted for age and sex. The reference group was the pNMOSD
cases, against whom the retinal measurements of the other groups were
compared. A p-value < 0.05 was used to depict statistical significance,
with Bonferroni adjustment for multiple comparisons. Analyses were
performed using the Statistical Package for Social Sciences software
(SPSS) (Version 25.0. Armonk, NY: IBM Corp.) and STATA version 13
(College Station, TX).

3. Results

A total of 191 eyes of 98 patients (33 eyes of 17 ANMOSD patients, 20
eyes of 11 pNMOSD patients, 138 eyes of 70 RRMS patients) and 43 eyes
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Patients from AMIR
cohort assessed for
enrollment from year
2014 until 2019

Inclusions:

- dNMOSD: Patients fulfilling the 2015 Wingerchuk
consensus criteria

- pPNMOSD: -Only one core criterion

-Two core criteria, but no dissemination
in space by MRI

-Two core criteria but no additional
MRI requirements

- MS: Patients fulfilling the 2017 McDonald's criteria

Exclusions:
- PPMS and SPMS patients

- Scans with signal strength less than 7/10, or with
artifacts in accordance to OSCAR-IB criteria

- Any macular pathology

- Eyes with history of ON less than three months
prior to the OCT scan

34 eyes from 17
dNMOSD patients

22 eyes from 11
pNMOSD patients

43 eyes from 22
healthy controls

140 eyes from 70
RRMS patients

Failed retinal layer
segmentation

33 eyes from 17
dNMOSD patients

20 eyes from 11
pNMOSD patients

138 eyes from 70
RRMS patients

Fig. 1. Flowchart of patient selection (RRMS, pNMOSD, dNMOSD, healthy controls).

of 22 healthy controls (HC) were evaluated.

Compared to the reference group of 17 patients with pNMOSD, all
groups of patients were statistically similar in age except dANMOSD pa-
tients who were older than healthy controls (mean difference = 9.99
years, SE = 3.39, p = 0.023). There were no significant differences in
gender distribution and disease duration between the groups (Chi2 =
6.95, df = 3, p = 0.073). The proportion of eyes with history of ON in the
different groups was similar as well (pNMOSD = 45.5%; dNMOSD =

35.3%; MS = 23%; between-groups differences Chi2 = 3.05, df = 2,p =
0.218).

All 17 dNMOSD and the 11 pNMOSD patients had available results of
the cell-based anti-AQ4 IgG, with 7 being seropositive in the dNMOSD
group. Myelin oligodendrocyte glycoprotein (MOG) antibody results
were available in 5 out of the 17 ANMOSD patients and 6 out of the 11
pNMOSD patients, and they were all negative. In the dANMOSD group,
14/17 (82.3%) of the patients were treated with Rituximab, as well as 8/

Table 3
Analysis of all eyes.
Retinal layers pNMO(20 dNMOSD(33 RRMS(138 HC(43 eyes/ PNMOvsdNMOSD ' Beta pNMOvVsSRRMS' Beta PNMOVsHC?Beta
mean (SD) eyes/11 eyes/17 eyes/70 22 subjects) (SE)p-value (SE)p-value (SE)p-value
subjects) subjects) subjects)
PRNFL 73.4 (19.14) 77.66 (16.54) 86.54 (15.3) 95.72 (11.26) 4.06 (5.5) 11.2 (4.7) 19.9 (5.2)
(microns) P=0.464 P=0.019* P<0.0001*
mRNFL 21.22 (5.16) 21.71 (4.44) 25.14 (3.91) 27.26 (2.59) 0.48 (1.4) 3.65 (1.2) 5.54 (1.3)
(microns) P=0.733 P=0.003* P<0.0001*
GCIPL 60.86 (10.88) 64.56 (13.04) 72.03 (8.14) 78.91 (4.72) 2.27 (3.2) 7.06 (2.8) 16.7 (3.1)
(microns) P=0.482 P=0.013* P<0.0001*
INL 43.47 (2.01) 44.49 (2.66) 45.73 (2.84) 45.79 (2.55) 1.01 (1.09) 1.9 (0.94) 1.6 (1.01)
(microns) P=0.36 P=0.044* P=0.107
ONL 66.67 (5.04) 66.93 (4.38) 68.26 (6.57) 68.84 (5.33) 0.6 (2.4) 1.5(@2.1) 1.8(2.2)
(microns) P=0.805 P=0.459 P=0.419
MV 9.13 (0.64) 9.37 (0.79) 9.88 (0.58) 10.16 (0.34) 0.2 (0.21) 0.57 (0.1) 0.95 (0.2)
(mm3) P=0.298 P=0.002* P<0.0001*

pNMO=probable neuromyelitis optica (NMO). dANMOSD= definite NMO-spectrum disorder. RRMS= relapsing remitting multiple sclerosis. HC= healthy controls.
! Controlling for age, sex, disease duration, and previous optic neuritis per eye. 2 Controlling for age and sex.

" Statistically significant.
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Fig. 2. Differences in retinal layers’ thickness (using mixed-effects regression with random slopes and intercepts, controlling for within-patient inter-eye correlations
and Bonferroni adjustment for multiple comparisons) between definite NMOSD, potential NMOSD, MS, and HC eyes, exploring all the eyes but controlling for history
of ON, age, gender, and disease duration (A, B,C,D,E,F), and a subgroup analysis of eyes with history of ON (G-L).

11 (72.7%) of the pNMOSD patients at the time of the OCT scan. In the
MS group, 41/70 (58.6%) of the patients were treated with fingolimod
and the remaining 29/70 (41.4%) were on interferons. Furthermore,
there were no significant differences in the median treatment gap time
(time since initiation of treatment at first OCT scan) of NMO-SD (6
months, IQR = 23), potential NMOSD (0.5 months, IQR = 52.5), and MS
(8.5 months, IQR = 21.75) (p = 0.941).

All retinal measures were significantly lower among subjects with
pNMOSD compared to MS except for the ONL (GCIPL Beta = 7.06, p =
0.013; MV Beta = 0.57, p = 0.002; pRNFL Beta = 11.2, p = 0.019;
mRNFL Beta = 3.65, p = 0.003, INL Beta = 1.9, p = 0.044) and HC
except for the ONL and INL (GCIPL Beta = 16.7, p < 0.0001; MV Beta =
0.95, p < 0.0001; pRNFL Beta =19.9, p < 0.0001, mRNFL Beta = 5.54, p
< 0.0001) (Table 3). However, all retinal layers’ measures were com-
parable between pNMOSD and dNMOSD patients (GCIPL Beta=2.27, p
= 0.482; MV Beta = 0.2, p = 0.298; pRNFL Beta = 4.06, p = 0.464;

mRNFL Beta = 0.48, p = 0.733; INL Beta = 1.01, p = 0.36, ONL Beta =
0.6, p = 0.805) (Fig. 2 A-F).

A subgroup analysis was performed on the ON eyes (Table 4). This
included 27 MS eyes, 15 dNMOSD eyes, and 12 pNMOSD eyes. Similar to
the whole sample results, pRNFL, mRNFL, GCIPL, INL and MV were
significantly lower in pNMOSD-related ON than MS-related ON (pRNFL
Beta=16.38, p=0.007; mRNFL Beta = 5.09, p < 0.0001; GCIPL Beta =
17.5, p < 0.0001; INL Beta = 4.1, p < 0.0001; MV Beta = 1.18, p <
0.0001). Again, pRNFL, mRNFL, GCIPL, ONL and MV thickness was
comparable between pNMOSD-related ON and dNMOSD-related ON
(pRNFLBeta = 5.01, p = 0.418; mRNFL Beta = 0.72, p = 0.639; GCIPL
Beta = 5.21, p = 0.222; ONL Beta = 1.7, p=0.545; MV Beta = 0.48
(0.26), p = 0.069), however, the INL of pNMOSD was significantly lower
(INL Beta = 2.29, p = 0.047) (Fig. 2 G-L).
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Evyes with history of optic neuritis subgroup
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Fig. 2. (continued).
Table 4
Subgroup analysis of eyes with previous optic neuritis.
Retinal layers mean PNMO (12 eyes/12 dNMOSD (15 eyes/15 RRMS (27 eyes/27 PNMO vs dNMOSD'Beta (SE) p- PNMO vs RRMS'Beta (SE) p-
(SD) subjects) subjects) subjects) value value
PRNFL (microns) 61.18 (9.14) 66.7 (10.2) 80.57 (15.7) 5.01 (6.1) 16.38 (6.1)
P=0.418 P =0.007*
mRNFL (microns) 18.1 (3.18) 18.27 (2.7) 23.09 (4.01) 0.72 (1.5) 5.09 (1.3)
P =0.639 p < 0.0001*
GCIPL (microns) 53.56 (10.9) 55.5(10.9) 67.3 (8.64) 5.21 (4.2) 17.5 (4.1)
P =0.222 p < 0.0001*
INL (microns) 43.24 (2.2) 44.7 (2.5) 46.4 (2.23) 2.29 (1.15) 4.1(1.1)
P =0.047* p < 0.0001*
ONL (microns) 67.31 (6.5) 66.3 (5.3) 68.94 (6.7) 1.7 (2.8) 4.3 (2.7)
P =0.545 P=0.11
MV (mm®) 8.9 (0.38) 9.02 (0.84) 9.72 (0.55) 0.48 (0.26) 1.18 (0.26)
P =0.069 p < 0.0001*

PNMO=probable neuromyelitis optica (NMO). dNMOSD= definite NMO-spectrum disorder. RRMS= relapsing remitting multiple sclerosis. HC= healthy controls.
! Controlling for age, sex, disease duration, and previous optic neuritis per eye. 2 Controlling for age and sex.
" Statistically significant.
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4. Discussion

In this cross-sectional OCT study, we found that retinal GCIPL,
PRNFL, mRNFL, INL and MV measurements in pNMOSD (not fulfilling
the NMOSD consensus criteria) patients were comparable to those with
definite NMOSD (dNMOSD), while being significantly lower than MS
and HC subjects. These findings remained significant after adjustment
for age, gender, disease duration, and optic neuritis history, supporting
the similarities between pNMOSD and dNMOSD regarding their retinal
measures, as well as the potential usefulness of retinal OCT in the
diagnosis of NMO spectrum disorders.

Our findings on ANMOSD retinal differences compared to MS are in
accordance with cross-sectional studies comparing these measures
(Bertsch-Gout et al., 2018; Park et al., 2014; Schneider et al., 2013).
There was a significant difference in OCT measurements between
NMOSD, MS, and patients with isolated ON (Naismith et al., 2009).
Other reports that have explored pRNFL and GCIPL in dNMOSD, MS,
and isolated ON reported a significantly thinner pRNFL in dNMOSD
patients compared to the other disease categories (Bertsch-Gout et al.,
2018; Park et al., 2014; Schneider et al., 2013).Naismith et al. estimated
that for every 1 pm decrease in the RNFL thickness, the odds of being
diagnosed with NMOSD increased by 8% (Bichuetti et al., 2013).
Moreover, Pisa et al. in 2019 reported that retinal OCT changes could
reflect disease progression in MS patients even when EDSS scoring and
standard brain MRI scans do not indicate any MS disease activity (Pisa
et al., 2019). Retinal OCT could also help identify retinal layers’ thin-
ning in dNMOSD patients, even without any clinical ON history, indi-
cating that disease activity might be more widespread than what is
evident clinically or on MRI scans (Shen et al., 2019). A previous report
on retinal OCT measures in NMOSD optic neuritis that included sero-
positive and seronegative subjects showed thinner pRNFL in both sub-
sets of NMOSD eyes compared to MS eyes although direct comparison of
the seropositive and seronegative NMOSD was not done because of the
small sample size (Park et al., 2014). Thus, retinal OCT could differen-
tiate patients with ANMOSD from MS or other disorders by reflecting
more severe axonal damage in their retinal fibers (Bertsch-Gout et al.,
2018; Park et al., 2014; Schneider et al., 2013). It can detect subclinical
axonal loss in patients even with normal visual acuity and visual fields
(Ratchford et al., 2009). In subjects clinically suspected as having
NMOSD but not fulfilling the NMOSD consensus criteria, we found that
OCT measures are more similar to those in subjects with ANMOSD than
to those in subjects with MS, suggesting a common pathophysiology
reflected through OCT.

There is more severe retinal damage after ON episodes in NMOSD
than in relapsing- remitting MS with substantial RNFL loss (> 15 pm)
(Manogaran et al., 2016; Oertel et al., 2018; Park et al., 2014; Noval
et al., 2011) although progression of retinal layers thinning in patients
with dNMOSD was found to be independent of ON attacks (Sotirchos
et al., 2020), consistent with the proposed concept of retrograde
degeneration in the retina, secondary to ON (Tian et al., 2015). Our data
in the subgroup analysis of eyes with history of ON, we found significant
axonal loss in pNMOSD-related ON eyes that was similar to
dNMOSD-related ON eyes and more pronounced than that of MS-related
ON. This finding also supports the concept of similar pathophysiology
between pNMOSD and dNMOSD.

There is a growing literature supporting the use of OCT in NMOSD
and differentiating the pathology in the macula and retinal fibers be-
tween NMOSD and MS patients. The consistency of these findings by
various groups suggests that OCT may be helpful in diagnosing cases
that behave like ANMOSD but fail to meet the Wingerchuk consensus
criteria (Wingerchuk et al., 2015), which is the aim and value of our
work. Validation of our findings in a larger dataset is needed as well as
longitudinal monitoring the retinal changes in this subgroup of
pNMOSD patients. It is important to also note that patients failing to
meet the Wingerchuk consensus criteria (Wingerchuk et al., 2015), do
not qualify for NMOSD treatment and our data suggest that OCT is a
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potentially useful tool to diagnose and correctly treat these patients,
while differentiating them from MS. If our findings are replicated, then
OCT may eventually be added to the consensus criteria and facilitate
diagnosis of this challenging group.

Our study has limitations such as the small sample size, but it serves
as a pilot to identify a diagnostic tool for this clinically challenging
group of subjects. International collaborative OCT initiatives would
allow to achieve better sample sizes for these entities with low preva-
lence but high potential for disability. Another limitation in our study is
that some patients were not tested for MOG IgG titers and could theo-
retically have MOG-associated disease. However, since NMOSD patients
with ON have worse outcomes on OCT measures than MOGAD subjects,
the potential effect would be to sway our statistical findings towards the
null, so our analyses and results are conservative and unlikely driven by
undiagnosed MOGAD cases. It is worth mentioning that our study did
not have visual function testing scores available. However, previous
studies demonstrated that OCT-derived retinal measures (especially
ganglion cell/inner plexiform (GCIP) layer measurements) has excellent
reliability and reproducibility, and correlates clearly with visual func-
tion and disability in MS (Saidha et al., 2015, 2011b, 2011a). Longitu-
dinal monitoring of pNMOSD patients with serology tests, MRI, and
retinal OCTs would also be valuable in future studies, as it would
determine whether these retinal OCT measurements accurately support
a diagnosis of ANMOSD.

In conclusion, retinal OCT is a non-invasive tool that can be helpful
in the diagnosis of cases with clinical suspicion of NMOSD but not ful-
filling its current diagnostic criteria. If confirmed in larger studies, OCT
could be added to support the NMOSD diagnostic criteria.
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