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Background: To evaluate the feature of different retinal layer segmentation in neuromyelitis optica spectrum
disorders (NMOSD) with spectral-domain optical coherence tomography (SD-OCT) and to compare it with that in
multiple sclerosis (MS), healthy controls (HC), and idiopathic optic neuritis (ION).

Methods: We retrieved four electronic databases, including Pubmed, Embase, Cochrane Library, and Web of
Science from inception to September 1st, 2021. A meta-analysis was performed to compare different retinal layer
segmentation thicknesses between patients with or without a history of optic neuritis (ON) in NMOSD and the
control group, including patients with MS, HC, and ION.

Results: Forty-two studies were included and the interval between the last ON onset and examination was greater
than 3 months. Compared with that in HC eyes, the loss of retinal nerve fiber layer (RNFL) and macular ganglion
cell and inner plexiform layer (GC-IPL) was serious in NMOSD eye especially after ON. Moreover, compared with
that in ION eyes or MS-related-ON eyes, the injury to the peripapillary retinal nerve fiber layer (pRNFL) was
severe in NMOSD-related-ON eyes. In addition, the correlation coefficient between pRNFL and prognostic visual
acuity was 0.43. However, the one-arm study revealed the inner nuclear layer (INL) was thickened in NMOSD-
related-ON eyes compared with HC eyes.

Conclusions: Inclusion of the RNFL and macular GC-IPL is recommended for monitoring disease progression and
attention should be paid to changes in the INL.

1. Introduction

Neuromyelitis optica spectrum disorders (NMOSD), a group of neu-
roinflammatory demyelinating diseases, mainly affect the optic nerve
and spinal cord and generally follow a relapsing course.' Due to fatal
blindness and cumulative disability after NMOSD, effective evaluation of
damage has become a major concern.>® It is possible to quantify the
retinal structure in vivo with the application of spectral domain optical
coherence tomography (SD-OCT), a non-invasive, repeatable and
highly-resolution imaging technique,* which has been widely used to
help diagnose ophthalmic and neurodegenerative diseases and which
played a significant role in the follow-up of NMOSD. Moreover, it helps to
differentiate NMOSD from multiple sclerosis (MS), which reveals that the
peripapillary retinal nerve fiber layer (pRNFL) and ganglion cell layer

(GCL) are more severely affected in NMOSD than in MS.> Although a
limited number of meta-analysis about NMOSD have been published,’
they mainly focused on the retinal nerve fiber layer (RNFL) or GCL. Other
layers of the retina, such as the inner plexiform layer (IPL), inner nuclear
layer (INL), outer plexiform layer (OPL), and outer nuclear layer (ONL),
have not been systematically analyzed, and no systematic review has
comprehensively analyzed these layers to date.

In this study, we mainly aimed to systematically review the literature
and compare the different retinal layer segmentation damage in NMOSD-
related-optic neuritis (ON) with MS, healthy control (HC), and idiopathic
optic neuritis (ION), and to further analyze the relationship between
retinal structural damage and visual outcome.
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2. Methods

This study was approved by the Ethics Committee of the Chinese
People's Liberation Army General Hospital (Grant No.: $2017-093-01),
and it was conducted in accordance with the tenets of the Declaration
of Helsinki.

2.1. Search strategy

This meta-analysis was conducted based on the statement of Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA),
and the systematic review and meta-analysis was registered with
PROSPERO International Prospective Register of Ongoing Systematic
Reviews (Registration number: CRD42020209281). We performed a
systematic search for studies in English language from inception to
September 1st, 2021. Two reviewers independently searched the
following four databases: PubMed, Embase, Cochrane Library, and Web
of Science using the strategy of the combination of subject words and free
words. For NMOSD, we used "Neuromyelitis Optica”, "Aquaporin 4~
combined with "Optic Neuritis” as the medical subject heading terms
(MeSH terms) for the Pubmed database, whereas "optical coherence to-
mography device” was used as the stem of the Embase tree. We used
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"optic neuriti*”, "neuropapilliti*”, "anterior optic neuriti*”, "retrobulbar
neuriti*”, "posterior optic neuriti*”, "acute optic neuritis”, "inflammatory
optic neuropath*”, "neuritis optica”, and "opticus neuritis” as free words.
The detailed search terms and strategies, as well as the included articles,

are shown in Supplement 1.
2.2. Study selection

We excluded articles that did not include patients with NMOSD,
perform SD-OCT, and separate eyes with ON in patients who had NMOSD
(NMOSD+ON eyes) from eyes in patients who had NMOSD without ON
(NMOSD-ON eyes), or articles that presented repetitive data already
published in the same cohort, or the reported data in a format that could
not be translated to mean (SD). To minimize the effect of optic disc
swelling, we excluded the articles in which the interval between OCT
examination and the last onset was less than 3 months. The article types,
including case reports, conference papers, reviews, grey literature, or
articles that presented findings at a cellular level or in animals, were also
excluded. Articles that did not include a group of control patients were
also excluded if they did not include the data on comparison of
NMOSD+ON eye with NMOSD-ON eyes, ION eyes, HC eyes, or eyes in
patients who had MS with or without a prior history of ON (MS+ON eye
or MS-ON eyes). Disagreements were resolved by discussion between the
two authors. If the authors did not reach a consensus, a third author (Tan)
was invited to resolve the conflicts.

2.3. Data extraction and quality assessment

Two reviews (Fu and Zhou) independently extracted the data. The
following data were extracted: the first author, the publication year, type
of OCT used, the source of patients, demographic characteristics,
including the number of eyes in every subgroup, present ages, percentage
of females, disease duration, best-corrected visual acuity (BCVA, all
converted to logMAR visual acuity), expanded disability status scale
(EDSS), episode of ON, mean thickness of the individual retinal layer in
eyes of patients with NMOSD, MS (with and without a history of ON
eyes), and ION, and HC participants. Data were reported for the RNFL at
the optic disc and macula, but data for other layers were reported only at
the macula. The main outcome measure was the thickness (pm) of pRNFL
and macular RNFL (mRNFL), a combination of macular ganglion cell
layer and inner plexiform layer (GC-IPL), INL, ONL. For the case series,
JBI's quality assessment tool, including 10 items, was used. For the case-
control study, the Newcastle-Ottawa Scale (NOS) was used for perform-
ing evaluation from the following three perspectives: selection,
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comparability, and exposure. A study with a NOS score >6 or JBI score
>6 was considered to have high quality.

2.4. Statistical analysis

Meta-analysis was conducted using Stata 14, RevMan 5.4, and
GraphPad Prism 8.0.2 (GraphPad Software, USA). All of the outcomes
were continuous variables. One-arm meta-analysis was performed to
determine the thickness of the retina layer in each subgroup. To compare
the difference between each group in pairs, we conducted a meta-analysis
of dual-arm studies. Both meta-analysis used I? to evaluate the hetero-
geneity among studies. When I <50%, the heterogeneity was regarded
as acceptable and a fixed-effected model was used, however, the source
of heterogeneity was analyzed and a random-effects model was used to
minimize the impact of heterogeneity. Publication bias was shown by
funnel plot if the number of studies was greater than 10. For the corre-
lation analysis between the thickness of the retinal layer and prognostic
BCVA (logMAR), we firstly transformed the extracted data as follows
below, and then meta-analysis was carried out with RevMan 5.4 soft-
ware. The following conversion formula was used:

@ fisher's Z = 0.5 x In=
@ Vz=;13
@ SE = \/VZ

2:
@ Summary r = &1

e41

(Z is the value of summary fisher's Z)

The r is the correlation between the thickness of the retinal layer and
prognostic BCVA. According to the above formula, we calculated the
Fisher's Z and Sg, then we input them to the RevMan 5.4 software. Using
the inverse variance method, we acquired the summary of Fisher's Z.”
Finally, we translated the Fisher's Z to summary r based on formula ®@.
The summary r was the final coefficient.

3. Results
3.1. Study characteristics and quality assessment

Nine hundred and fifty-three records were retrieved from 4 electronic
databases. A total of 42 studies were included in our systematic review
for qualitative synthesis with the year of publication from 2009 to
September 1st, 2021.5%° All studies included in our review were
considered to be of high quality, and the details of quality assessment are
provided in Table S1 and Table S2. The reported mean or median
duration of the disease was more than 6 months. According to the
recording, 38 of these studies including 3273 patients (1344 patients
with NMOSD, 850 patients with MS, 938 HCs, and 141 patients with
ION). In total, there were 2470 females and 689 males according to the
original literature. With respect to the eyes, 6288 eyes were included in
the study (1704 NMOSD+ON eyes, 708 NMOSD-ON eyes, 1914 HC eyes,
851 MS+ON eyes, 956 MS-ON eyes, and 155 ION eyes). Nearly all of the
patients were adults, with the mean or median age range from 25.02 to
50.2 years. Fig. 1 summarizes the flow diagram of the literature
screening. A total of 4 devices of SD-OCT were used in the studies
(Topcon, Cirrus, Heidelberg, and Optovue). The demographic charac-
teristics of the included studies are shown in Table 1. The patients were
recruited from 16 countries (China, Italy, USA, Australia, Brazil, Turkey,
Germany, Thailand, Korea, Japan, Spain, Canada, Poland, Iraq, Oxford
and Berlin).

3.2. Quadlitative analysis

Table 2 summarizes the comparison for pRNFL, mRNFL, GC-IPL, INL,
ONL between groups.

A significant reduction in the pRNFL occurred in NMOSD eyes with or
without ON compared with HC eyes, and the attenuation in NMOSD+ON
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Fig. 1. The flow diagram of the screening of the literature.

eyes was greater [ -2.77 (-3.13,-2.40), CI < 0.001; -0.63 (-1.00,-0.25),
P < 0.001] (Fig. 2, Fig. S1). On comparing the eyes of patients with
NMOSD, the same result was obtained [-1.70 (-1.98,-1.40), P < 0.001]
(Fig. S2). Also, atrophy of the pRNFL in NMOSD-+ON eyes was greater
than that in MS+ON eyes [-1.25 (-1.62,-0.87), P < 0.001](Fig. S3).
However, on comparing NMOSD-ON eyes with MS-ON eyes, we did not
obtain any meaningful results [0.11 (-0.06,0.28), P = 0.09](Fig. S4). Due
to limited data, we only compared the NMOSD+ON eyes with ION eyes,
and the results revealed that NMOSD eyes had thinner pRNFL than ION
eyes [-1.90 (-3.25,-0.56), P < 0.001](Fig. S5). Specifically, that one-arm
meta-analysis showed that thickness of the pRNFL in ION eyes was
merely 69.31 pm, in contrast, the thickness of the pRNFL was 58.83 pm in
NMOSD+ON eyes, 77.92 pm in MS+ON eyes, 102.26 pm in HC eyes
(Figs. S6-S10), and the results are shown in Table 3 and Fig. 4. The
heterogeneity among the studies was high, therefore, a random-effects
model was considered except for the NMOSD-ON versus MS-ON com-
parison. Publication bias was found in each comparison (Figs. S46-S55).

The meta-analysis for mRNFL indicated atrophy in NMOSD-+-ON
eyes compared with NMOSD-ON or HC eyes, though we only included 2
or 3 studies respectively [-1.03 (-1.81,-0.26), P = 0.046; -1.72 (-2.41,
-1.03), P < 0.001](Figs. S11-S12). Though we did not found any statis-
tical differences between NMOSD+ON eyes and MS+ON eyes [-0.36
(-1.06, 0.35), P = 0.105](Fig. S13), the one-arm analysis showed that the
thickness of the mRNFL was relatively lesser in NMOSD-+ON eyes than in
MS+ON eyes (23.29 pm and 28.41 pm, respectively) (Figs. S15 and S18).
Similarly, in NMOSD-ON eyes, thickness of the mRNFL was slightly less
when compared with that in HC eyes (29.72 pm and 32.76 pm, sepa-
rately) (Figs. S16 and S17) while no statistical significance was found
between them [-0.72 (-1.04,-0.39), P = 0.239](Fig. S14).

On comparing the eyes of patients with NMOSD, as expected, a
thinned GC-IPL was observed in NMOSD+ON eyes compared with
NMOSD-ON eyes [-1.45 (-1.89,-1.01), P < 0.001](Fig. S20), and atrophy
of the GC-IPL in NMOSD+ON eyes was evident compared with that in HC
eyes [-2.65 (-3.29,-2.00), P < 0.001](Fig. S21). The mean difference
between the NMOSD-ON eyes and HC eyes indicated thining of the GC-

IPL in NMOSD-ON eyes [-0.68 (-1.00,-0.37), P = 0.012](Fig. S22). The
meta-analysis for the GC-IPL showed that no change in thickness
occurred in MS+ON eyes versus NMOSD-+-ON eyes or MS-ON eyes
versus NMOSD-ON eyes, respectively [-0.80 (-1.02,-0.59), P = 0.127;
0.06 (-0.28,0.40), P = 0.289](Figs. S23-24). Actually, the thickness of
the GC-IPL in NMOSD-+-ON, NMOSD-ON, HC, MS-+-ON, MS-ON sub-
group was 60.14 pm, 82.91 pm, 82.53 pm, 61.50 pm, and 71.09 pm,
respectively (Table 3 and Fig. 4) (Figs. S25-29).

As depicted in Figs. S30-36 for the INL, there was a lack of an
adequate database to compare NMOSD-ON eyes with other eyes because
only one study reported thickness of the INL in NMOSD-ON eyes. One-
arm analysis showed that when NMOSD+ON eyes were compared with
HC or MS+ON eyes, thickening of the INL was prominent in
NMOSD+ON eyes (40.30 pm > 37.76 pm > 36.68 pm) (Figs. $32, S34,
$35), although we did not derive a statistically significant conclusion
(95% confidence intervals contain 0) (Figs. S30 and S31).

The meta-analysis for thickness of the ONL demonstrated that no
statistical significance existed in each group based on the fact that the
95% confidence interval went through 0 (Figs. S37-S40). Nevertheless,
one-arm pooled results showed that the specific thickness of the ONL in
each subgroup was 79.33 pm in the NMOSD-+ON group, 92.95 pm in the
NMOSD-ON group, 68.75 pm in the MS+ON group, 64 pm in the MS-ON
group, 88.47 pm in the HC group, thickening was noted in NMOSD eyes
than in MS eyes (Figs. S41-545).

Publication bias was not found for mRNFL, GC-IPL, INL, ONL because
the number of studies with available data was not more than ten. Overall,
for comparisons between groups, the largest effect sizes were seen for the
PRNFL and GC-IPL, where the effects sizes were small for the mRNFL,
INL, and ONL.

We intended to conduct a correlation analysis between BCVA and
different retinal layer segmentation, but only three studies reported the
correlations between BCVA and pRNFL and the meta-analysis revealed
the correlation coefficient was 0.43 (Fig. 3), which indicated that prog-
nostic BCVA had a low correlation with pRNFL.
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Table 1
Demographic characteristics of the included studies.
Study OCT device Country Group eyes age (year, mean =+ SD or range) gender (F/M) VA (IogMAR) episode of ON EDSS
Zhang 2020 Zeiss China NMO+ON 113 37 (29.5-48) 110/14 0.24 + 0.43 NA NA
NMO-ON 95 NA NA NA
HC 90 40.5 (29-55) 36/27 0 NA NA
Peng 2020 Heidelberg China NMOSD+ON 62 38 (27-50) 35/7 1.33 +1.23 NA NA
HC 80 36 (28.3-43.8) 25/15 NA NA NA
ION 40 44 19/11 1.05 + 1.08 NA NA
Kwapong 2020 Optovue China NMOSD-+ON 19 48.10 + 11.79 NA 0.41 + 0.49 1.61 +1.95 NA
NMOSD-ON 9 NA NA
HC 30 47.95 + 11.63 —0.05 £ 0.091 NA NA
Chen 2020 Optovue China NMOSD+ON 21 50.2 + 12.5 27/0 0.31 + 0.43 NA NA
NMOSD-ON 26 0.00 £ 0.11 NA NA
HC 62 47.7 £13.2 31/0 —0.04 £+ 0.07 NA NA
Vabanesi 2019 Heidelberg Italy NMOSD+ON 56 44.9 £12.7 43/7 0.46 NA NA
NMOSD-ON 44 0 NA NA
MS+ON 55 38+10 38/19 0.04 NA NA
MS-ON 59 0 NA NA
HC 52 37.5+17 37/15 NA NA NA
Sotirchos 2019 Zeiss USA AQP4+ON 48 43.7 £12.7 43/5 NA 1 (1-5) NA
MS-+ON 40 41.5 +12.6 28/12 NA 1(1-2) NA
HC 31 41.5 £ 14.1 22/9 NA NA NA
study OCT device country group Eyes age (year, mean + SD or range) gender (F/M) VA (IogMAR) episode of ON EDSS
Shen 2019 Heidelberg Australia NMOSD+ON 15 48.2 £ 16.1 13/6 0.70 £ 1.03 NA NA
NMOSD-ON 4 —0.02 £+ 0.06 NA NA
MS+ON 67 43.6 +£10.1 97/39 —0.02 £+ 0.16 NA NA
MS-ON 69 —0.06 + 0.12 NA NA
HC 37 39.6 + 14.0 21/16 —0.14 £ 0.13 NA NA
Pisa 2019 Heidelberg Italy NMOSD+ON 43 46.2 +£13.3 NA NA NA 3.31+2
NMOSD-ON 19 NA NA
MS+ON 46 44.3 £ 9.0 NA NA 34+24
MS-ON 22 NA NA
Huang 2019 Optovue China NMOSD-+ON 52 40.8 +13.0 52/3 NA NA 2 (1-7.5)
NMOSD-ON 56 NA NA
HC 66 43.2 +£11.3 31/2 NA NA NA
Filgueiras 2019 Heidelberg Brazil NMOSD+ON 23 35.03 +11.14 25/5 NA NA NA
NMOSD-ON 27 38.69 + 12.90 NA NA NA
MS+ON 22 36.53 + 12.44 26/4 NA NA NA
MS-ON 38 36.76 + 8.82 NA NA NA
HC 57 45.37 + 10.58 20/9 NA NA NA
Golpak 2019 Heidelberg Turkey NMO-+ON 15 38.1 £11.6 12/1 NA NA NA
NMO-ON 11 NA NA NA
MS+ON 28 33.0 +£9.01 19/8 NA NA NA
MS-ON 26 NA NA NA
HC 38 34.0 £ 9.41 13/6 NA NA NA
study OCT device  Country group eyes  age (year, mean =+ SD or gender (F/ VA (logMAR) episode of ON EDSS
range) M)
Zhao 1 2018 Heidelberg China NMOSD+ON 59 35 (20.75-47) 46/6 217 £1.38 NA NA
HC 60 NA NA NA NA NA
ION 93 37 50/41 1.49 £1.23 NA NA
Tian 2018 Optovue China NMO+ON 48 40.8 + 14.8 20/4 0.5 (0.2-2) NA 3.75
(1-8.5)
NMO-ON 24 42.6 +15.3 10/2 0.13 (-0.1-0.3) NA 2.5 (0-6.5)
HC 48 40.5 +£13.6 22/2 NA NA NA
Oertel 2018 Heidelberg German NMOSD+ON 34 47.3 + 14.4 43/8 NA NA 3(0-6)
NMOSD-ON 60 NA NA
HC 56 43.1+9.8 22/6 NA NA NA
Mekhasingharak Zeiss Thailand ~ AQP4-+ON 43 34.5+13.8 24/1 0.76 + 0.88 NA NA
2018 MS+ON 17 32.1 £10.1 11/1 0.12 £ 0.25 NA NA
HC 30 429 +1.7 28/2 0.04 + 0.06 NA NA
Kim 2018 Zeiss Korea NMOSD+ON 101 39.4 +12.0 63/10 1.00 [-0.1-3.0] 1(0-12) 39+1.9
NMOSD-ON 45 0.10 [-0.1-1.3]
Hu 2018 Zeiss China NMO+ON 30 26 +£10.21 18/12 (0.3-1.3) NA NA
NMO-ON 10 25.02 + 8.13 (0-0.1) NA NA
HC 30 28.31 +3.21 18/12 (0-0.1) NA NA
Peng 2017 Heidelberg China AQP4+ON 54 38.41 +13.00 eye 45/9 1.22 £ 1.19 1.70 + 0.86 NA
(0-3.7) (1-4)
NMO+ON 42 35.02 + 13.47 eye 30/12 1.53 +1.24 1.30 + 0.60 NA
(0-3.7) 1-4)
HC 94 35.53 +11.34 eye 64/30 NA NA NA
Matsumoto 2017 Optovue Japan AQP4+ON 20 43 (10-64) 10/2 0.05 (-0.18-3) NA NA
OCT device ~ Country  Group eyes  age (year, mean + SD or gender (F/ VA (logMAR) episode of EDSS
study range) M) ON

(continued on next page)
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Table 1 (continued)

OCT device ~ Country  Group eyes  age (year, mean + SD or gender (F/ VA (IogMAR) episode of EDSS
study range) M) ON
Peng 2016 Heidelberg China AQP4+-ON 66 38.4 £13.6 36/9 1.31 +£1.25 NA NA
HC 88 40.1 + 14.3 31/18 NA NA NA
Pache 2016 Heidelberg ~ Europe AQP4+ON 21 34.7 £14.8 16/0 0.72 £ 1.09 2(1-4 4 (1-6.5)
HC 28 NA NA NA NA NA
Martinez-Lapiscina Heidelberg Spain AQP4+NMOSD+ON 9 NA 6/3 NA 2(1-3.5) NA
2016 MOG+NMOSD+ON 6 NA 3/3 NA 2(1-2) NA
MS-+ON 15 NA 9/6 NA NA NA
Manogaran 2016 Heidelberg Canada NMO-+ON 13 47.9 £13 6/2 0.15 NA 2.5 (2-6)
NMO-ON 6 39+3 1/1 0 NA 2.5
(2.5-2.5)
MS+ON 21 383+9.7 9/7 0.1 NA 2 (0-4)
MS-ON 63 40.3 £ 9.6 16/10 0.1 NA 1.75 (0-4)
HC 22 31.2+9.6 9/3 NA NA NA
Jeong 2016 Zeiss Korea NMOSD+ON 99 39.7 £11.8 62/10 1(-0.1-3) 1(0-12) 3.5 (1-8.5)
NMOSD-ON 45 0.1 (-0.1-3)
HC 68 394 +11.2 10/24 0.1 (-0.1- NA NA
1.6)
Cheng 2016 Heidelberg ~ China NMO-+ON 41 42.41 +£9.98 20/6 0.15 (0-2.0) NA NA
HC 52 42.06 + 10.54 20/6 0 (0, 0.10) NA NA
Park 2014 Heidelberg ~ Korea NMO+ON 19 43.67 + 2.69 13/7 1.00 + 0.32 NA NA
MS+ON 15 32.00 + 3.36 11/5 0.32 £ 0.22 NA NA
HC 24 41.42 +12.41 16/8 0+0 NA NA
ION 22 48.05 + 2.60 10/10 0.40 £+ 0.15 NA NA
study OCT device  Country  group Eyes  age (year, mean &+ SD orrange)  gender (F/M) VA (logMAR) episode of ON EDSS
Sotirchos 2013 Zeiss USA NMO/ 45 43.1 +£13.4 26/5 NA 1.57 £1.41 (1-10) NA
AQP4+ON
NMOSD-ON 28 NA NA NA NA NA
HC 78 43.5+£13.5 34/5 NA NA NA
Schneider 2013  Heidelberg German NMOSD+ON 20 40.8 +£12.3 16/1 NA NA NA
MS+ON 20 41.2 £12.7 16/1 NA NA NA
HC 34 41.4 +£12.4 16/1 NA NA NA
Lange 2013 Heidelberg Canada NMO+ON 32 49.60 + 12.94 22/3 NA NA 2.5 (0-8)
NMO-ON 18 NA NA
MS+ON 13 435+09.1 23/2 NA NA 2.5(1-6.5)
MS-ON 37 NA NA
HC 100 49.2 £10.2 27/23 NA NA NA
Hokazono 2013  Topcon Brazil NMO+ON 30 39.6 +13.1 18/2 0.1 NA NA
MS+ON 29 36.75 + 11.45 24/4 0 NA NA
MS-ON 22 0 NA NA
HC 30 36 +12.5 13/13 0 NA NA
Syc 2012 Zeiss USA NMO-+ON 17 48.3 £ 9.9 19/3 NA NA NA
NMO-ON 23 NA NA NA
MS+ON 73 41.7 £10.8 70/28 NA NA NA
MS-ON 123 NA NA NA
HC 144 42.39 +8.14 16/6 NA NA NA
study OCT device Country group Eyes age (year, mean =+ SD or range) gender (F/M) VA (logMAR) episode of ON EDSS
Monteiro 2012 Topcon Brazil NMO+ON 51 39.9 £11.6 30/3 0.1 NA NA
MS+ON 45 35.6 £ 9.4 50/10 0 NA NA
MS-ON 74 0 NA NA
HC 82 36.6 + 12.3 35/6 0 NA NA
Nakamura 2010 Zeiss Japan NMO+ON 27 36.1 +12.3 18/0 1.74 NA NA
NMO-ON 8 -0.1 NA NA
MS-+ON 19 30.2 + 10.4 1272 -0.2 NA NA
MS-ON 9 —0.1 NA NA
Ratchford 2009 Zeiss USA NMOSD+ON 22 41 +£13 NA NA NA NA
NMOSD-ON 8 NA NA NA
MS-+ON 157 39+10 NA NA NA
MS-ON 338 NA NA NA
HC 77 38+ 12 NA NA NA
Naismith 2009 Stratus OCT USA NMO+ON 30 42.9 (24-64) 77/23 0.1 1.61 (1, 0-6) 4 (4.5,0-8.5)
MS-+ON 65 42.3 (22-65) 83/17 0 0.97 (1, 0-5) 2(2.7,0-7)
Green 2009 Stratus OCT ~ USA NMO+ON 27 41 +11.7 1472 NA NA NA
MS+ON 24 41 +£11.7 16/4 NA NA NA
Zeng 2021 Optovue China NMOSD+ON 55 44.18 £+ 16.06 49/1 0.76 £+ 0.04 1.04 +£0.32 4.38 +£3.17
NMOSD-ON 45 49/1 0.18 + 0.02
HC 20 44.43 +£12.90 9/1 0.08 + 0.12 NA NA
Study OCT device  Country Group Eyes  age (year, mean + SD orrange)  gender (F/ VA (logMAR)  episode of ON  EDSS
M)
Rogaczewska 2021 Optovue Poland NMOSD+ON 9 42.08 +10.23 11/2 0 (0-2.3) NA NA
NMOSD-ON 11 1172 0 (0-2.3) NA NA
MS-+ON 30 35.15 + 7.47 32/8 0 (0-0.2) NA NA
MS-ON 45 32/8 0 (0-0.2) NA NA

(continued on next page)
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Table 1 (continued)
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Study OCT device  Country Group Eyes
HC 40
Roca-Fernandez Heidelberg Oxford and NMOSD+ON 15
2021 Berlin NMOSD-ON 34
HC 76
AbdulRasool 2020 Optovue Iraq NMOSD+ON 43
NMOSD-ON 22
MS-+ON 50
MS-ON 31
Yul 2021 Optovue China AQP4+ON 43
HC 50
Yu2 2021 Optovue China NMOSD+ON 66
NMOSD-ON 30
HC 40

age (year, mean + SD or range)  gender (F/ VA (logMAR)  episode of ON  EDSS
M)
37.90 + 11.47 17/3 0 (0-0) NA NA
37.77 £19.72 10/2 NA NA NA
45.64 + 10.97 20/1 NA NA NA
41.61 + 16.27 27/11 NA NA NA
(18-50) NA NA NA NA
(18-50) NA NA NA NA
(18-50) NA NA NA NA
(18-50) NA NA NA NA
40 + 10 23/1 0.36 + 0.52 2.13 £0.77 NA
39+8 20/5 0.00 £+ 0.04 NA NA
44 + 12 46/2 0.48 £ 0.84 NA NA
46/2 0+0 NA NA
45+ 10 19/1 0+0 NA NA

4. Discussion

Recent studies have analyzed the anterior visual pathway using full-
field visual evoked potentials (ffVEP) and SD-OCT, as well as MRI
scans of the brain and spinal cord, and they suggested subclinical disease
activity in NMOSD without clinical ON.>>2 This study provided rela-
tively detailed information about retinal structure in NMOSD with or
without ON and compared it with other subgroups. Although both
NMOSD and MS are neurodegenerative diseases, the difference in path-
ogenesis leads to the difference in clinical manifestations. OCT, a useful
instrument in the follow-up of NMOSD, is an accurate means to monitor
the loss of retinal layer segmentation damage.®

This meta-analysis, including 42 observational studies, reveals that
NMOSD+ON eyes had a loss of the GC-IPL and a thinner pRNFL
compared with HC eyes, which indicated that NMOSD patients had at-
rophy of retinal ganglion cells body and their axons. Furthermore, it was
evident that the decrease in the thickness of the pRNFL and GC-IPL was
more obvious in NMOSD+ON eyes owing to inflammation and necrosis,
with more prominent neuronal and axonal damage than NMOSD-ON
eyes. Correlation analysis suggested that pRNFL thinning was associ-
ated with poor prognostic visual acuity in NMOSD+ON eyes (r = 0.43),
which implied that we can evaluate the prognostic visual acuity by
measuring thickness of the pRNFL.

When focusing on mRNFL, the thickness in NMOSD+ON eyes was
lesser compared with that in NMOSD-ON or HC eyes. However, in
NMOSD-ON eyes, the mRNFL had no significant outcome compared with
the HC eye. It should be remembered that only 2 studies were included
for mRNFL. Conversely, the one-arm analysis revealed that a thinner
mRNFL existed in NMOSD-ON eyes than HC eyes (29.72 pm < 32.76 pm).
Currently, it is believed that the pathogenesis of NMOSD is mainly
mediated by AQP4 antibody,53 and we speculated that "Miiiller cells”,
running vertically from the inner limiting membrane to the outer limiting
membrane, expressing AQP4 in the fovea and peripheral retinas, are vital
to the functions and vitality of RGCs, combined with the assumption that
retinal astrocytes might be the target of AQP4-Ab, which may account for
a subclinical loss of RNFL and GC-IPL even when there is no history of
ON. These findings above imply that NMOSD is a primary retinopathy
that is highly probable to a lack of energy due to targeted attacks and
decreased retinal perfusion.'®

When compared with MS+ON or ION eyes, atrophy of the pRNFL
occurs in NMOSD+ON eyes. However, dual-arm studies displayed that
no thinning was found in the mRNFL and GC-IPL. At the same time, we
found that the P-value of the latter two fluctuated around 0.1. Therefore,
it might be attributed to an inadequate number of samples (all under five,
less than ten). For NMOSD-ON eyes, when compared with MS-ON eyes,
significant results could not be acquired in terms of the pRNFL and GC-
IPL. In other words, there was no evident difference in any retinal
layer between NMOSD eyes and MS eyes without ON.

On the contrary, the INL of NMOSD+ON eyes was slightly thickened
when compared with that of HC eyes, which is consistent with the result

of one-arm study (39.47 pm > 37.63 pm). Therefore, we hypothesized
that progressive inflammation of the retina may occur in the chronic
phase of NMOSD+ON. Similarly, we did not find any remarkable result
in thickness of the INL when comparing NMOSD+ON eyes with MS+ON
eyes, and the specific thickness of the INL in each group (NMOSD+ON,
NMOSD-ON, MS+ON, MS-ON, and HC) was 40.30 pm, 35.40 pm,
36.68 pm, 32.69 pm, 37.76 pm, respectively. We can state that
NMOSD+ON eyes have a slightly thicker INL when compared with HC
eyes. In consequence, we modestly speculated that inflammation is pre-
sent in NMOSD+ON eyes. When we concentrated on NMOSD or MS
without ON eyes, we could not achieve any valuable outcome due to
limited studies. Simultaneously, we could not obtain more information
about the thickness variation of ONL due to fewer studies. As already
known, our human visual pathway consists of three levels of neurons, the
first bipolar neuron in the retina, the second retinal ganglion cells, and
the third body of neurons located in the lateral geniculate nucleus; any
irreversible axonal damage in this pathway will lead to retrograde trans-
synaptic axonal degeneration, which will cause atrophy of the inner
retinal layers. Trans-synaptic degeneration may stop at the INL, which
contains the first bipolar neuron and probably acts as a physiological
barrier to retrograde trans-synaptic degeneration. This feature renders
the INL an attractive layer for the investigation of inflammation.>*
Swelling of the INL after ON suggests that a specific type of inflammation
may exist in NMOSD, which is consistent with the findings that
approximately 20% of NMOSD patients have microcystic alterations of
the INL.>®

These new quantitative layer segmentation data extended the earlier
PRNFL data by showing that the loss of cell body and axon of RGCs was
severe after ON associated with NMOSD and a specific type of inflam-
mation may exist in INL during the chronic phase, but we did not have
enough evidence to compare it with corresponding MS eyes. The result
was consistent with the most important recent publications on OCT in
NMOSD.31:3%35:38-42,56-61 16 gum up, it is reasonable to postulate that
subclinical loss of retinal ganglion cells existed in NMOSD patients, and
NMOSD+ON eyes may have progressive chronic inflammation.

There are some advantages of our meta-analysis; this is the first
largest meta-analysis of different retinal layer segmentation in NMOSD
based on SD-OCT. This outcome emphasizes the underlying neuro-
degeneration and inflammation of the INL in NMOSD, especially after
ON. We further uncovered the potential correlation between the prog-
nostic BCVA and retinal structure. However, this study has several lim-
itations. First, although this meta-analysis comprehensively provided a
valuable summary of the available data on thickness of all retinal layers
from pRNFL to ONL in NMOSD, it was to original researches, only
observational studies, either case-control studies or case-series studies,
were included, which may cause selection bias. Second, because of the
restricted study group, especially when compared with MS in mRNFL,
INL, and ONL, we could not derive certain conclusions in some points;
hence, a larger-scale, multicentre, international collaborative prospective
study is required to enhance the statistical power. Further, in some
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Table 2
The results of the dual-arm meta-analysis for retinal layer segmentation in each
subgroup.

studies Random/fixed SMD, 95%CI P-value
(N.) effects, (I%)
PRNFL (pm)
NMOSD+ON vs. 28 Random —1.70 (-1.98,- <0.001
NMOSD-ON (84.9%) 1.40)
NMOSD+ON vs. HC 32 Random —2.77 (-3.13,- <0.001
(92.2%) 2.40)
NMOSD+ON vs. 21 Random —1.25 (-1.62,- <0.001
MS+ON (88.6%) 0.87)
NMOSD-ON vs. HC 22 Random —0.63 (-1.00,- <0.001
(92.2%) 0.25)
NMOSD-ON vs. MS- 11 fixed (37.6%) 0.11 0.09
ON (-0.06,0.28)
NMOSD+ON vs. 3 Random —1.90 (-3.25,- <0.001
ION (95.2%) 0.56)
mRNFL (pm)
NMOSD+ON vs. 2 Random —1.03 (-1.81,- 0.046
NMOSD-ON (74.8%) 0.26)
NMOSD+ON vs. HC 3 Random —1.72 (-2.41, <0.001
(79.6%) -1.03)
NMOSD+ON vs. 2 Random —0.36 (-1.06, 0.105
MS+ON (62.0%) 0.35)
NMOSD-ON vs. HC 2 Fixed (27.8%) —0.72 (-1.04,- 0.239
0.39)
NMOSD-ON vs. MS- NA
ON
GC-IPL (pm)
NMOSD+ON vs. 9 Random —1.45 (-1.89,- <0.001
NMOSD-ON (79.0%) 1.01)
NMOSD+ON vs. HC 10 Random —2.65 (-3.29,- <0.001
(92.9%) 2.00)
NMOSD+ON vs. 5 fixed (44.2%) —0.80 (-1.02,- 0.127
MS+ON 0.59)
NMOSD-ON vs. HC 7 Random —0.68 (-1.00,- 0.012
(63.4%) 0.37)
NMOSD-ON vs. MS- 3 fixed (19.4%) 0.06 0.289
ON (-0.28,0.40)
INL (pm)
NMOSD+ON vs. NA
NMOSD-ON
NMOSD+ON vs. HC 4 Random (80%) 0.32 0.002
(-0.20,0.84)
NMOSD+ON vs. 5 fixed (49.3%) 0.21 0.096
MS+ON (-0.02,0.45)
NMOSD-ON vs. HC NA
NMOSD-ON vs. MS- NA
ON
ONL (pm)
NMOSD+ON vs. 2 Random 0.25 0.018
NMOSD-ON (82.1%) (-0.63,1.12)
NMOSD+ON vs. HC 3 Random —0.22 0.103
(55.9%) (-0.56,0.12)
NMOSD+ON vs. 3 Random —0.13 0.005
MS+ON (81.5%) (-0.88,0.62)
NMOSD-ON vs. HC 2 Random -0.28 0.014
(83.5%) (-1.06,0.51)

NMOSD-ON vs. MS- NA
ON

PRNFL peripapillary retinal nerve fiber layer, mRNFL macular retinal nerve fiber
layer, GC-IPL ganglion cell and inner plexiform layer, INL inner nuclear layer,
ONL outer nuclear layer, NMOSD-+ON neuromyelitis optica spectrum disorder-
related optic neuritis, MS+ON multiple sclerosis-related optic neuritis,
NMOSD-ON neuromyelitis optica spectrum disorder without optic neuritis, MS-
ON multiple sclerosis without optic neuritis, ION idiopathic optic neuritis, HC
healthy control.

included studies, the time interval between SD-OCT examination and last
ON attack was merely more than 3 months, the relatively inadequate
follow-up time may have affected the results. Therefore, further long-
term follow-up studies are necessary to provide more evidence and to
show the extent of usefulness of OCT for the study of NMOSD. Finally,
limited to the original researches, we only performed structural and
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Study %
D SMD (95% CI) Weight
Zhang 2020 > 270(:308,231) 335
Peng 2020 —- 1 -563(6.37,-489) 305
Chen 2020 - -3.01(-369,-233) 3.11
Vabanesi 2019 —_—— -4.33(5.13,-353) 298
Shen 2019 —— 267(-346,-187) 299
Pisa 2019 e -3.91(4.56,-326) 3.13
Filgueiras 2019 s -125(-1.78,-073) 325
Colpak 2019 —-— 315(4.01,-230) 292
Zhao12018 - -327(-382,-272) 322
Tian 2018 e -165(2.12,-1.19) 329
Oertel 2018 ' -191(-242,-140) 326
Mekhasingharak 2018 - 364 (-4.40,-2.88) 3.02
Hu2018 i - 325
Peng 2017 - : 329
Peng 2016 - 3.19
Pache 2016 - . .28, -1. 3.08
Manogaran 2016 - -2.23(-3.11,-1.36) 290
Jeong 2016 e 2.06(2.44,-168) 3.35
Cheng 2016 |- 1.99(250,-149) 327
Park 2014 —— ? -6.80(-8.39,-521) 2.10
Sotirchos 2013 | - -2.06(-251,-161) 3.31
Schneider 2013 —— -270(-345,-1.94) 303
Lange 2013 - -3.23(-3.79,-267) 322
Hokazono 2013 : —— -1.40(-1.97,-0.84) 321
Syc 2012 & -235(-292,-1.79) 321
Monteiro 2012 | - -159(-199,-1.19) 334
Ratchford 2009 na -2.86(-3.48,-224) 3.16
Zeng 2021 —— 341(4.17,266) 303
Yu1 2021 : - -1.83(-2.32,-1.34) 328
Rogaczewska 2021 — -2.93(-3.87,-2.00) 2.83
Roca-Ferndndez 2021 —OI— -2.90(-3.60,-2.20) 3.09
Yu2 2021 | 159(2.04,-1.14) 331
Overall (-squared = 92.2%, p = 0.000) Q -2.77(-3.13,-2.40)  100.00
NOTE: Weights are from random effects analé’xs
T
-8.39 0 8.39

Fig. 2. Forest plot showing the dual-arm meta-analysis result of pRNFL thick-
ness between NMOSD+ON and HC eyes. SMD standard mean difference, CI
confidence interval.

Table 3
The thickness of different retinal layer segmentation in different subgroup eyes.
Subgroup NMOSD+ON  NMOSD- MS+ON  MS- HC ION
ON ON
N 42 28 21 14 32 3
PRNFL 58.83 99.81 77.92 94.52 102.26 69.31
(pm)
N 12 9 5 3 10
GC-IPL 60.14 82.91 61.5 71.09 82.53 NA
(pm)
N 3 2 2 1 3
mRNFL 23.29 29.72 28.41 29.83 32.76 NA
(pm)
N 5 1 5 2 4
INL (pm) 40.3 35.4 36.68 32.69 37.76 NA
N 4 2 3 1 3
ONL (pm) 79.33 92.95 68.75 64 88.47 NA

PRNFL peripapillary retinal nerve fiber layer, mRNFL macular retinal nerve fiber
layer, GC-IPL ganglion cell and inner plexiform layer, INL inner nuclear layer,
ONL outer nuclear layer, NMOSD-+ON neuromyelitis optica spectrum disorder-
related optic neuritis, MS+ON multiple sclerosis-related optic neuritis,
NMOSD-ON neuromyelitis optica spectrum disorder without optic neuritis, MS-
ON multiple sclerosis without optic neuritis, ION idiopathic optic neuritis, HC
healthy control, vs versus.

functional correlation analysis of the pRNFL and it was difficult to further
analyze the consistent changes in the imaging structure and tissue
structure due to the difficulty in obtaining human retina.

5. Conclusions

This systematic review and meta-analysis indicated that subclinical
loss of retinal RNFL and GC-IPL exists in NMOSD eyes even when there is
no history of ON. Besides, the damage to the body and axons of RGCs is
more severe in NMOSD eye with an episode of ON. Progressive inflam-
mation of the INL may occur in NMOSD eyes with ON. Inclusion of the
RNFL and macular GC-IPL is recommended for monitoring disease pro-
gression and attention should be paid to the changes in the INL.
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Fisher's Z Fisher's Z
Study or Subgroup _ Fisher'sZ _SE_Weight IV, Random, 95% CI IV, Random, 95% Cl
Jeong 2016 -0.97 01 27.0% -0.97 [1.17,-0.77] —e—
Matsumota 2017 -0.01 024 21.1%  -0.01 [-0.48, 0.46] —
Peng 2016 -054 013 26.0% -0.54 [0.79,-0.29] —
Zhao1 2018 -0.21 013 26.0%  -0.21 [0.46, 0.04] —
Total (95% CI) 100.0%  -0.46 [-0.88, -0.04] ——eEERRR—
Heterogeneity: Tau®= 0.16; Chi*= 28.95, df= 3 (P < 0.00001); F= 90% g o i e 1

Testfor overall effect Z= 2.14 (F = 0.03) negative correlation positive correlation

Fig. 3. The correction between BCVA (LogMAR) and pRNFL in NMOSD+ON eyes.BCVA best-corrected visual acuity, pRNFL peripapillary retinal nerve fiber layer,
NMOSD+ON neuromyelitis optica spectrum disorder-related optic neuritis, CI confidence interval.
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Fig. 4. Comparisons of the thickness of different retinal layer segmentation in different subgroup eyes. (A) Comparisons of the thickness of pRNFL in NMOSD+ON,
NMOSD-ON, MS+ON, MS-ON, HC, and ION eyes. (B) Comparisons of the thickness of mRNFL in NMOSD+ON, NMOSD-ON, MS+ON, MS-ON, and HC eyes. (C)
Comparisons of the thickness of GC-IPL in NMOSD+ON, NMOSD-ON, MS+ON, MS-ON, and HC eyes. (D) Comparisons of the thickness of INL in NMOSD+ON,
NMOSD-ON, MS+ON, MS-ON, and HC eyes. (E) Comparisons of the thickness of ONL in NMOSD+ON, NMOSD-ON, MS+ON, MS-ON, and HC eyes. NMOSD+ON
neuromyelitis optica spectrum disorder-related optic neuritis, NMOSD-ON neuromyelitis optica spectrum disorder without optic neuritis, MS+ON multiple sclerosis-
related optic neuritis, MS-ON multiple sclerosis without optic neuritis, HC healthy controls, ION idiopathic optic neuritis, pRNFL peripapillary retinal nerve fiber layer,
mRNFL macular retinal nerve fiber layer, GC-IPL ganglion cell and inner plexiform layer, INL inner nuclear layer, ONL outer nuclear layer.
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SD-OCT spectral-domain optical coherence tomography
MS multiple sclerosis
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HC healthy controls

ON optic neuritis

ION idiopathic optic neuritis

RNFL retinal nerve fiber layer

PRNFL  peripapillary retinal nerve fiber layer

mRNFL macular retinal nerve fiber layer

GCL ganglion cell layer

INL inner nuclear layer

IPL inner plexiform layer

GC-IPL  ganglion cell and inner plexiform layer

OPL outer plexiform layer

ONL outer nuclear layer

NMOSD+ON neuromyelitis optica spectrum disorder-related optic
neuritis

NMOSD-ON neuromyelitis optica spectrum disorder without optic
neuritis

MS+ON multiple sclerosis-related optic neuritis

MS-ON  multiple sclerosis without optic neuritis

ffVEP full-field visual evoked potentials

BCVA best-corrected visual acuity

EDSS expanded disability status scale

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-

Analyses

MeSH terms medical subject heading terms

NOS

Newcastle-Ottawa Scale
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