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Abstract

Background—Retinal nerve fiber and ganglion cell+inner plexiform (GCIP) layer thinning
following multiple sclerosis-related acute optic neuritis (AON) is well-described. However,
whether AON results in changes in the inner nuclear (INL), outer plexiform (OPL), outer nuclear
(ONL) and/or photoreceptor segment (PS) layers remains undetermined.

Objectives—To determine if INL+OPL and/or ONL+PS changes occur following AON.

Methods—33 AON patients underwent serial optical coherence tomography (OCT) and visual
function testing (mean follow-up: 25 months). Longitudinal changes in retinal layer thickness
were analyzed using mixed-effects linear regression.

Results—Four months following AON, the mean decrease in GCIP thickness relative to baseline
was 11.4% (p<0.001). At 4-months, a concomitant 3.4% increase in average ONL+PS thickness
was observed (p<0.001). The percentage decrease in GCIP thickness and increase in ONL+PS
thickness were strongly correlated (r = -0.70; p<0.001). Between months 4 to 12, ONL+PS
thickness declined and, at 12-months, was no longer significantly different from baseline (mean
change: 0.5%; p = 0.37). Similar, albeit less robust, changes in the INL+OPL were observed.

Conclusions—Following AON, dynamic changes occur in the deep retinal layers, which are
proportional to GCIP thinning. These novel findings help further our understanding of the
biological and/or anatomical sequelae resulting from AON.
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Introduction

Methods

Patients

Multiple sclerosis (MS) is an immune-mediated disorder of the central nervous system
(CNS) in which neuroaxonal degeneration following inflammatory demyelination is thought
to represent the principal pathological correlate of neurologic impairment!. MS has a strong
predilection to affect the optic nerves. Acute optic neuritis (AON) is the presenting feature
of MS in 20% of cases, with 30-70% of MS patients experiencing AON at some point
during the course of illness2. Therefore, the anterior visual pathway represents an ideal
model to study neurodegeneration following AON and in MS overall. The retina can be
imaged using optical coherence tomography (OCT), a reproducible, non-invasive imaging
technique that enables generation of high resolution, cross-sectional images allowing precise
quantification of retinal layer thickness®.

Prior OCT studies demonstrate peripapillary retinal nerve fiber layer (RNFL) swelling
related to edema, early in the course of AON*5. As this edema resolves, thinning of the
RNFL ensues-8. Retrograde degeneration of RNFL axons following AON culminates in
death of retinal ganglion cells, from which these axons are derived. Longitudinal OCT
studies following AON demonstrate thinning of the composite ganglion cell+inner
plexiform layers (GCIP). Unlike the RNFL, edema is not thought to occur in the GCIP
during the initial phase of AON.

Whether AON directly results in inner nuclear (INL) and/or outer nuclear layer (ONL)
changes and the temporal pattern of such changes, if any, remains undetermined. Although
cross-sectional studies suggest an inverse relationship between INL and GCIP thicknesses in
eyes with AON history?, it remains unclear whether this association is a direct consequence
of AON, or alternatively is related to a greater degree of inflammatory activity that may be
reflected by increased INL thickness'0. Although there is some suggestion of photoreceptor
changes in longstanding optic neuropathies!?, longitudinal assessments of ONL changes
following AON are lacking.

The primary objectives of this longitudinal study were (1) to determine whether INL and
ONL changes occur following AON, (2) how these changes relate to GCIP thinning and
visual function recovery.

Study participants were recruited from the Johns Hopkins MS center. The study protocol
was approved by the Johns Hopkins University institutional review board and all
participants provided written informed consent prior to study enrollment. Patients diagnosed
with clinically isolated syndrome (CIS) or relapsing-remitting MS (RRMS) who presented
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with unilateral AON were recruited by convenience sampling between October 2008 and
July 2012. AON patients with symptom onset (defined as onset of visual loss consistent with
AON) 35 days or more from baseline assessment were not included. NMO-IgG testing was
performed in 11 AON patients, all of whom tested negative. A comparison cohort of patients
with MS, who did not develop AON during follow-up, were matched 1:1 to the AON cohort
at a subject level based on age, gender, and duration of OCT follow-up. MS diagnosis was
confirmed by the treating neurologists (SS, PAC, and SDN) according to the 2010 revised
McDonald criterial2. Exclusion criteria included a known history of diabetes, uncontrolled
hypertension, glaucoma, refractive errors of more or less than six diopters, or other
ophthalmological and/or neurological disorders.

Thirty-three patients with unilateral AON participated in the study. All recruited AON
patients underwent a study evaluation acutely, with a mean delay from the onset of AON
symptoms to first evaluation of 14 days (SD 8.7, range: 1-33 days), as well as serial follow-
up assessments for a mean duration of 25.2 months (median 22.8 months, range 6-55, SD
13.2). Compared to the control cohort of 33 MS patients (who did not have AON at study
entry or develop AON during follow-up) gender, age, and OCT follow-up duration were
similar between both groups (Table 1). The AON cohort comprised 14 (42%) patients with
previously diagnosed RRMS, 12 patients (36%) with newly diagnosed RRMS at the time of
AON, and 7 patients (21%) with CIS. The majority of CIS patients (n=6) had high-risk CIS
due to the presence of lesions characteristic of demyelination on baseline brain MRI. Thirty
patients were treated with corticosteroids alone, one patient received plasmapheresis
following inadequate response to steroid therapy, and one patient was treated with
plasmapheresis alone. Only one AON patient did not receive any treatment. None of the
participants in the AON cohort had further episodes of optic neuritis during follow-up.

Optical coherence tomography

Study participants underwent OCT imaging using spectral-domain Cirrus HD-OCT (Model
4000, Software version 5.0; Carl Zeiss Meditec, Dublin, CA), as described in detail
elsewhere13.14. Briefly, peripapillary and macular scans were obtained using the Optic Disc
Cube 200x200 and Macular Cube 512x128 protocols, respectively. Scans with signal
strength less than 7, out of a maximum of 10, were excluded from the analysis. All macular
cube scans were reviewed to ensure proper fixation and adequate quality, in accordance with
the OSCARIB criterial®. Macular scans were assessed for the presence of apparent macular
pathology, including microcysts and traction, by a single rater blinded to clinical status
(OAA). One contralateral eye in an AON patient was excluded from the analyses due to the
presence of an epiretinal membrane (ERM). Otherwise, qualitative assessment of OCT scans
did not reveal gross macular pathology in either the AON or MS control cohorts at any point
during the study.

Macular cube scans were processed in a blinded fashion as has been described

previously 1013.14.16 Briefly, macular cube scans were analyzed using an automated 3D
segmentation algorithm that computes macular layer thicknesses within an annulus of inner
radius 0.54mm and outer radius 2.4mm (Figure 1). This segmentation method yields the
thicknesses of the following retinal layers: 1) macular RNFL; 2) GCIP; 3) INL+outer
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plexiform layer (INL+OPL) 4) ONL+photoreceptor segments (ONL+PS). Segmentation
results obtained using this protocol have been shown to be reproducible in MS patients and
healthy controls (inter-rater intra-class correlation coefficients: 0.91-0.99 for all
segmentation measures)!3. A detailed description of the scan-rescan reliability of the
segmentation technique in the AON setting (categorized by time interval after AON onset) is
presented in supplementary Table 1.

Visual function testing

Standardized visual function testing was performed at each study visit using a retro-
illuminated high-contrast ETDRS chart (at 4m) and low-contrast Sloan letter charts (2.5%
and 1.25% contrast; at 2m). Testing was performed monocularly, with habitual distance
spectacles or contact lenses being used as needed. Accordingly, 100% high-contrast, 2.5%
low-contrast, and 1.25% low-contrast letter-acuity scores were recorded based on the
number of letters correctly read out of a maximum of 70. The 12-month visual acuity
recovery was defined as the difference between the number of letters correctly identified at
the 12 month visit compared to baseline.

Statistical analysis

Results

Statistical analysis was conducted using Stata version 12 (StataCorp, College Station, Texas,
USA). The Shapiro-Wilk test was used to assess the normality of distributions. Comparisons
between groups were performed using Student's t test (for age), chi-squared test (for AON
history), fisher's exact test (for gender and race), and Mann-Whitney U test (for disease and
follow-up durations). For the MS controls, a single eye per subject was randomly sampled
and then all the longitudinal visits for that eye were included in the analysis.

In order to analyze the course of retinal layer thickness changes over the study duration,
time was taken as a continuous covariate (starting at the onset of visual loss attributed to
AON). To account for data clustering due to multiple study visits for each eye of
participants, multilevel mixed-effects linear spline regression models were used. Rates of
change in retinal layer thickness were calculated by regressing retinal layer thickness values
over follow-up time. Linear spline breakpoints (allowing for a change in slope to occur)
were positioned according to the best fit to the data; at 4 and 8 months for GCIP and INL
+OPL thicknesses, and at 4, 8, and 12 months for ONL+PS thickness (Figure 2). Interaction
terms with time were used for the purpose of comparisons between AON eyes, fellow eyes,
and MS control eyes. Models were adjusted for age, gender, disease duration, and previous
history of AON in analyses between groups. Pearson correlation and multivariate linear
regression were undertaken to assess the relationship between continuous responses of both
the changes in different retinal layers and visual acuity measures at set time points.
Statistical significance was defined as p<0.05.

Baseline retinal measures in the AON group

Baseline OCT-derived retinal measures from clinically affected AON eyes and their fellow
unaffected eyes are illustrated in Table 2 and supplementary Table 2 respectively. Follow-up

Mult Scler. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 5

OCT examinations were categorized into 3 time intervals relative to AON onset: 1-4 months
(n=24), 4-8 months (n=31), and 8-16 months (n=31). A sub-group of patients (h=15) who
underwent additional scanning beyond 16 months were designated as a long-term follow-up
group in order to assess the longevity of outer retinal changes following AON. Peripapillary
RNFL thickness at baseline in AON eyes was, on average, 18.4um greater than in fellow
eyes (95% ClI: 3.0, 33.8; p =0.02) and 21.3um greater than in MS control eyes (95% CI: 4.6,
38.1; p =0.01), indicative of RNFL edema. All macular segmentation measures were similar
at baseline between clinically-affected AON eyes, their fellow contralateral eyes, and MS
control eyes.

Longitudinal changes in GCIP thickness

Similar to previous studies®1417, GCIP thinning was pronounced in clinically-affected
AON eyes during the first 4 months after the event compared to fellow and MS control eyes
(p <0.001 for both comparisons). Between 4-8 months, no statistically significant loss of
GCIP thickness was observed in clinically-affected AON eyes, fellow or MS control eyes
(Table 3). Relative to baseline, GCIP thickness was reduced in affected eyes by an average
of 11.4% and 12.3% at 4 and 12 months respectively (p <0.01 for both comparisons).

Longitudinal changes in INL+OPL thickness

A small but statistically significant increase was observed in INL+OPL thickness at 4
months after AON in the affected eyes (mean change: 1.9%; 95% CI: 0.7, 3.2; p=0.005).
Notably, a less pronounced increase in INL+OPL thickness also occurred in the fellow eyes
at 4 months (mean change: 1.0%; 95% CI: 0.02, 2.0; p=0.047). The rate of INL+OPL
change in affected eyes during the first 4 months after AON, however, was not significantly
different from the rates observed during the same period in fellow and MS control eyes (p =
0.24 and p = 0.34 respectively). A corresponding trend towards a decline in INL+OPL
thickness for the affected eyes was observed after this time period, between 4 to 8 months,
but did not reach statistical significance (rate: -0.17 pm/month, p=0.07). No significant
change occurred in INL+OPL thickness between 4 to 8 months after AON onset for the
fellow and control eyes (Table 4) or between 8 to 12 months for the affected, fellow, or
control eyes (results not shown).

Longitudinal changes in ONL+PS thickness

Relative to baseline, ONL+PS thickness at 4 months increased by an average of 3.4% in
affected eyes (p <0.001) and 0.2% in fellow eyes (p = 0.65). The average rate of increase in
ONL+PS thickness in AON eyes during the first 4 months was 1.16 pm/month (p<0.001;
95% CI: 0.8, 1.5) (Table 5). This rate of increase in ONL+PS thickness was significantly
greater than the rate of change in fellow (0.08um/month) and MS control eyes (-0.11um/
month) during the same time period (p<0.001 for both comparisons). A reciprocal reduction
in ONL+PS thickness was observed in the affected eyes between 4-8 months (rate: -0.79
um/month; p<0.001) but no significant change occurred in the fellow and control eyes
during the same time period. At 12 months, ONL+PS thickness was not significantly
different from baseline in either the affected or fellow eyes (mean change: 0.47% and -0.2%,
p = 0.37 and 0.66 respectively).
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Relationships between changes in retinal layer thicknesses

The approximate peak of ONL+PS thickening detected in AON eyes occurred during the 1-4
month time interval (Figure 2). In AON eyes, there was no relationship between baseline
peripapillary RNFL thickness and the percentage change in ONL+PS thickness at 4 months
relative to baseline (r = 0.06, p = 0.76). There was no correlation between the percentage
change in peripapillary RNFL and ONL+PS thicknesses at 4 months relative to baseline (r =
-0.23, p = 0.25). However, a highly significant negative correlation was observed between
the percentage change in GCIP and ONL+PS thicknesses at 4 months relative to baseline
(i.e. eyes with a greater degree of GCIP thinning being associated with a greater increase in
ONL+PS thickness during this period: r = -0.70, p<0.001). Likewise, there was a non-
significant trend between the magnitude of GCIP thinning and INL+OPL thickening at 4
months (r = -0.36, p=0.06) (Figure 3). A similar association was not seen in the fellow eyes
of the AON group for either ONL+PS (r =-0.28, p = 0.16) or INL+OPL thickness changes
(r=0.31,p=0.12).

Analysis of the long-term follow-up subgroup of AON patients scanned beyond 16 months
following the onset of AON (mean follow-up duration = 34.4 months; SD = 11.1; range
20-55) revealed that the INL+OPL thickening in the affected eyes was most pronounced 1-4
months following AON (+3.5% increase relative to baseline in this cohort, p = 0.001) before
it gradually declined. INL+OPL thickness remained statistically significantly different from
baseline 16-55 months beyond AON onset (+2.7%, p = 0.006). Similarly, the average
increase in ONL+PS thickness was most marked 1-4 months following AON (+4.3%
relative to baseline in this cohort, p < 0.001) before it gradually declined. In contrast,
however, ONL+PS thickness of the affected eyes 16-55 months following AON onset no
longer remained significantly different from its baseline value (+0.6%, p = 0.314). No
statistically significant INL+OPL or ONL+PS thinning was detected at any time point
during the course of this study.

As a sensitivity analysis, we assessed the effects of the changing cohort at each follow-up
time interval by restricting our analysis to the group of patients examined during all of the
designated time intervals (n=20). Consistent with the effect observed in the entire cohort,
INL+OPL thickness increased in the affected eyes of this patient subgroup by an average of
+3.2% (p <0.001) between 1-4 months, +2.3% (p =0.001) between 4-8 months, and +1.9%
(p =0.01) between 8-16 months. Similarly, in this sub-group of patients, the change in ONL
+PS thickness was estimated as +4.4% (p<0.001) between 1-4 months, +2.1% (p<0.001)
between 4-8 months, and +0.3% (p=0.561) between 8-16 months.

Relationships with visual acuity

Visual acuity measures in AON eyes at different study time-points are summarized in Table
2. Eyes with lower baseline 100% high-contrast letter-acuity scores demonstrated a
significantly greater increase in ONL+PS thickness at 4 months (n = 27;r=-0.53, p =
0.005) but not INL+OPL thickness (r = -0.35, p = 0.07). Using linear regression analysis, it
is estimated that for each 5-letter decline in 100% contrast visual acuity letter score at
baseline, the ONL+PS thickness increased by 0.26% at 4 months after adjusting for age,
gender, and baseline GCIP thickness (partial r=-0.49, p = 0.02). Low-contrast (2.5% and
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1.25%) letter-acuity scores at baseline were not correlated with increased ONL+PS
thickness at 4 months (p = 0.49 and p = 0.63 respectively). However, 18 (62%) and 20
(69%) AON eyes had letter acuity scores of zero at baseline with 2.5% and 1.25% low
contrast testing respectively, indicating the presence of a floor effect, which could mask
potential associations.

Twelve months after AON, lower GCIP thickness was associated with lower 100%, 2.5%,
and 1.25% contrast letter-acuity scores (p <0.01 for all comparisons). The degree of ONL
+PS thickening at 4 months was not significantly associated with 100%, 2.5%, or 1.25%
contrast letter-acuity scores at 12-months, but did correlate with 12-month 100% high-
contrast visual recovery (p = 0.02). Nevertheless, the relationship lost significance after
adjusting for baseline 100% high-contrast letter-acuity score (p = 0.77), indicating that eyes
with worse baseline high-contrast visual function had greater degrees of ONL+PS
thickening at 4 months and, at the same time, had a greater numerical potential for high-
contrast visual recovery. Similar associations with INL+OPL thickening were not found to
be significant.

Discussion

Results of this study confirm that GCIP thinning occurs rapidly following AON,
predominantly within the first 4 months, as previously reported®1418.17 mportantly, our
findings also suggest that during the same time-frame that the GCIP is thinning following
AON, there is concomitant thickening of the ONL+PS, and less markedly the INL+OPL.
These results are in accordance with a previous study showing a cross-sectional inverse
relationship between GCIP and INL thicknesses in eyes with a previous history of AON®.
Our findings expand upon previous work by demonstrating that the INL+OPL thickening is
maximal during the first 1-4 months after the AON episode then gradually declines
thereafter, but nonetheless continues to remain elevated. Prior studies have also suggested
cross-sectional aberrations in the ONL after AON. Selective attenuation of the b-wave of the
flash electroretinogram in the early period following demyelinating AON has been
proposed, and thought to be independent of optic nerve pathology and suggestive of
underlying retinal alterations®-20, Moreover, it has been suggested that photoreceptor
pathology may occur as a result of optic neuropathy!?. In this study, the transient increase in
ONL+PS thickness during the first 4 months after AON appeared strongly related to the
degree of GCIP thinning during the same time period. These findings raise several
possibilities regarding the potential mechanism(s) underlying these changes.

First, it is possible that this increase in thickness of the retinal nuclear layers may be
mediated through trans-synaptic mechanisms or represent a reaction to trans-synaptic
retrograde degeneration in those layers. The occurrence of trans-synaptic retinal neuronal
degeneration in animal models of optic nerve transection has been controversial. Earlier
studies reported that optic nerve transection did not alter amacrine cell body count or
distribution in the rat retina21-22, nor did it affect the pattern of cell death observed in the
INL and ONL of the normal postnatal rat retina?3. More recent studies however report that
ganglion cell death results in modulation of some amacrine cell subtypes in the rat and ferret
retinae242% and may result in increased cell death within the INL of the developing ferret26.
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It is worth noting that a study examining an experimental autoimmune encephalomyelitis
(EAE) model of MS associated with optic neuritis in rats demonstrated positive TUNEL
labeling (indicative of DNA fragmentation and apoptosis) within the INL and ONL, as well
as breakdown of the blood retinal barrier following ganglion cell degeneration?’.
Lymphocytic infiltration and blood-retinal barrier disruption in EAE-associated optic
neuritis might provide an inflammatory milieu that additionally promotes retinal neuronal
death, as compared to other models involving optic nerve transection. This suggests that the
underlying pathobiology driving optic nerve damage might be relevant to whether and how
retinal trans-synaptic retrograde degeneration occurs. Post-mortem studies of MS patients
clearly demonstrate neuronal loss within the INL, with focal reductions in cell density?8.
However, whether such pathology is attributable to trans-synaptic retrograde degeneration or
a primary retinal process still remains to be fully elucidated. It is worthwhile to note that in
this study no evidence of INL+OPL or ONL+PS thinning occurred at any time point, raising
the question of whether alternative mechanisms occurring secondary to cell death, such as
neuronal swelling, glial hypertrophy, or extracellular fluid accumulation, could instigate the
observed increase in thickness, ultimately masking any eventual neuronal loss.

Alternatively, our findings may reflect a traction phenomenon in which the abrupt volume
loss in the RNFL and GCIP over the early months following AON results in a subsequent
rise in INL+OPL and ONL+PS thicknesses or morphometric changes in the retina occurring
independently of any traction. A similar theory involving vitreous traction has been
proposed as a possible explanation for the occurrence of macular microcysts within the INL
in patients with optic atrophy2%:30, Nevertheless, a recent study utilized predictions from a
mechanical model to show that macular microcyst formation was convincingly independent
and unrelated to vitreous traction3L. Several factors suggest that the observed increase in
ONL+PS thickness, and less markedly the INL+OPL thickness, following AON observed in
this study is not due to traction: (1) the increases were transient, peaking at approximately 4
months, and then declining thereafter, in contrast to GCIP thinning which persisted (2)
traction from volume loss in the RNFL and GCIP might be expected to affect the more
adjacent INL+OPL to an even greater degree; however the increase in INL+OPL thickness
was less robust than the increase in ONL+PS thickness (3) no evidence of morphologic
macular pathology or vitreous traction was detected during qualitative scan review.
Conceptually, it is possible for retinal morphometric changes to occur independently of
vitreal traction and the question of whether a retinal anatomical accommodation to GCIP
thinning is at play after AON remains to be elucidated. Another plausible mechanism
explaining the observed increase in ONL+PS thickness (as well as the less pronounced
increase in INL+OPL thickness) is the presence of retinal inflammation within these layers.
Although no gross evidence of intraretinal or subretinal fluid accumulation has been
observed in this investigation to suggest an inflammatory process, previous studies have
described the presence of retinal inflammation, as illustrated by perivenous sheathing and/or
fluorescein leakage, in 24% of eyes with isolated AON within 8 weeks of symptom onset
(including subclinical fluorescein leakage of fellow eyes in 36% of affected patients). While
this retinal inflammation may relate to opening of the blood-retinal-barrier concomitant with
opening of the blood-brain-barrier, it is not mutually exclusive with the possibility of an
inflammatory glial reaction in response to ganglion cell degeneration. Indeed, INL+OPL
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thickness was noted to increase over the first 4 months of follow-up in contralateral eyes in
this study raising the possibility of concomitant retinal inflammation in fellow eyes.

Our study has a number of limitations. The majority of patients enrolled in this study
underwent routine ophthalmological examinations during their diagnostic work up for AON.
However, a comprehensive ophthalmological assessment was not performed as part of the
study protocol. It is plausible that differences in follow-up timing and failure to follow-up
may have influenced our findings. Yet, in order to minimize both possibilities, we used time
since the AON event as a continuous covariate in our models and performed a sensitivity
analysis that showed consistent effects among the sub-group of patients examined during all
of the relevant time intervals. Current OCT acquisition techniques offer limited capability to
analyze the cellular composition within different retinal layers which, by extension, limits
our capacity to confirm the exact mechanistic underpinnings of our findings. As a result, it
remains to be clarified whether the alterations observed in the nuclear layers in this study are
driven by changes in the extracellular matrix, hypertrophy of neuronal cell bodies, direct
glial cell (including Muller cell) activation in response to ganglion cell death, or changes in
their capacity to handle interstitial retinal fluid, or a combination of these factors. Given that
the focus of this study was on AON cases that were related to MS, this may limit the
generalizability of our findings to optic neuropathy of all etiologies.

In summary, we have identified novel retinal changes characterized by a thickening of the
ONL+PS, and less markedly the INL+OPL, in the early months following AON. The
magnitude of this change in the ONL+PS, and more weakly in the INL+OPL, is proportional
to the degree of GCIP thinning, suggesting it may be the derivative of either trans-synaptic
alterations, or concomitant retinal inflammation. Future studies with a more rigorous,
protocol-driven follow-up are warranted to confirm these findings, as well as to identify and
characterize the retinal processes underlying these changes. Moreover, it remains to be
determined whether similar patterns of INL and ONL change occur in acute optic
neuropathies from other causes. Our novel findings provide convincing evidence that the
effects of AON are not limited to the inner retina, but that dynamic changes occur in the
deeper retinal neuronal layers as well.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A cross-sectional view of a Cirrus HD-OCT B-scan demonstrating the macular segmentation

utilized. The close similarity in tissue reflectivity between the ganglion cell (GCL) and inner
plexiform layers (IPL) precludes accurate separate assessment of either layer. As a
consequence, the composite of both the GCL and IPL (GCIP) is assessed. The segmentation
technique employed also assesses the composite thickness of the inner nuclear layer and
outer plexiform layer (INL + OPL), as well as the composite thickness of the outer nuclear
layer and the photoreceptor segments (ONL + PS)

Abbreviations: GCIP = ganglion cell and inner plexiform layers; INL = inner nuclear layer;
OPL = outer plexiform layer; ONL = outer nuclear layer; PS = photoreceptor segments;
RNFL = retinal nerve fiber layer.
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Figure 2.

Line graphs depicting changes in composite ganglion cell and inner plexiform layers (GCIP;
Panel A), inner nuclear layer, including the outer plexiform layer (INL+OPL; Panel B) and
outer nuclear layer, including the inner and outer photoreceptor segments (ONL+PS; Panel
C) thicknesses for subjects followed in the study over follow-up time after AON expressed
as percentages relative to baseline (dashed lines).

Abbreviations: AON = acute optic neuritis; GCIP = ganglion cell + inner plexiform layers;
INL+OPL = inner nuclear layer, including the outer plexiform layer; ONL+PS = outer
nuclear layer, including the inner and outer photoreceptor segments.
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Scatter plots depicting the association between the percentage change in GCIP thickness in
relation to changes in INL+OPL (panel A) and ONL+PS (panel B) thicknesses for AON

eyes at 4 months after the event relative to baseline.
Abbreviations: AON = acute optic neuritis; GCIP = ganglion cell + inner plexiform layers;

INL+OPL = inner nuclear layer, including the outer plexiform layer; ONL+PS = outer

nuclear layer, including the inner and outer photoreceptor segments.
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Table 1
Baseline demographic and clinical characteristics

| AON cohort | MS Control Cohort” | P-value
Patients (eyes) | 33 (65) | 33 (66) | -
Age, y, mean (SD) | 36.3 (9.5) | 35.9(9.1) | 0.852
Female, n (%) | 29 (88) | 29 (88) | 1.000
Race, n (%) 0.31P
White 22 (67) 28 (85)
Black 7(21) 4(12)
Hispanic 2 (6) 0 (0)
Other 2(6) 1(3)
Disease duration, years, median (IQR) | 1.25 (0.5-8) | 7 (3-11) | 0.009¢
Eyes with a previous history of AON, n (%) | 12 (18.2) | 19 (28.8) | 0.15d
Follow-up duration, months, median (IQR) | 22.8 (12.6-34.2) | 23.6 (14.2-36.1) | 0.68¢

Abbreviations: AON = Acute optic neuritis; MS = multiple sclerosis; SD = standard deviation; CIS = clinically isolated syndrome; RRMS =
relapsing-remitting multiple sclerosis; IQR = interquartile range.

*
No patients in this cohort had AON at study entry or developed AON during follow-up.
iRace was self-reported.
a‘l’wo-sample Student's t-test.
b_.
Fisher's exact test.
CMann—Whitney U test.

dChi-squared test.
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