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Introduction

Optical coherence tomography (OCT) is a reproducible, noninvasive imaging technology
that enables the generation of high resolution, cross-sectional images of retinal structures.
OCT has been gaining wide popularity among neurologists for the evaluation of
neurological disorders®. In this context, neurologists are often confronted with incidental
retinal findings on OCT imaging that may or may not be related to the patient’s primary
neurological illness. Such morphological macular abnormalities (MMAS) have been
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described in the context of a wide array of neurological conditions, including multiple
sclerosis (MS)23, neuromyelitis optica (NMO)*5, Alzheimer’s disease®, and Parkinson’s
disease’. However, most commonly MMAs are seen with primary ophthalmologic disorders
or as part of normal aging®°.

While neurologists are expected to recognize common patterns of MMAs on OCT
(especially those requiring prompt ophthalmologic/retinal referral of patients with
potentially vision-threatening findings), there is insufficient data to shed light on the
prevalence patterns of these OCT findings in general neurology and neurcimmunology
practices. In fact, comprehensive, qualitative reviews of practice-based OCT scans assessing
the prevalence of MMAs in MS and NMO to-date are limited. Previous studies addressing
this topic have either focused on a single pathological entity?=> or examined a relatively
limited number of symptomatic patients!®, making the overall prevalence of such retinal
findings hard to discern.

In this study, we systematically analyzed macular OCT scans for qualitative retinal
abnormalities in all subjects evaluated in our clinic for suspected or known
neuroimmunological disorders. The main aim of this study is to describe the prevalence and
characteristics of incidental findings on OCT from a practical point of view in a sample
reflective of patients typically seen at an academic neuroimmunology practice.

Study design and participants:

The Johns Hopkins University institutional review board and ethical standards committee
approval was obtained for the study protocol permitting the retrospective review of OCT
imaging data and clinical records of all subjects scanned with OCT during the designated
time period in a de-identified fashion. Informed consent was waived due to the retrospective
nature of the study and de-identified analysis of OCT data.

Data for this cross-sectional analysis was collected in a retrospective fashion from the
medical and OCT records of all the patients who underwent OCT imaging in our diverse
neuroimmunology clinic which included the Johns Hopkins MS and Transverse Myelitis
(TM) centers and the neurology ward of Johns Hopkins Hospital between June 15t 2010 and
June 15t 2012. OCT testing is performed on a routine basis for patients presenting with
known or suspected neuroimmunological disorders at our clinic and, in order to investigate
the incidence of unexpected retinal findings from a practical point of view, all subjects
scanned with OCT during the predesignated time period were systematically included in the
analysis, regardless of diagnosis. Study participants” demographics, diagnosis and basic
clinical characteristics were determined by review of medical records. Due to the
retrospective nature of the study, visual acuity or optic neuritis history was not
systematically recorded and, therefore, not included in the final analysis.

Optical coherence tomography:

Retinal imaging was performed using spectral-domain OCT (Cirrus HD-OCT, Model 4000,
Software version 5.0; Carl Zeiss Meditec, Dublin, CA) as described in detail elsewherell,
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Briefly, macular scans were obtained with the Macular Cube 512x128 protocol. Scans with
poor quality or signal strength <7/10 were excluded from the study. For eyes that were
unable to fixate due to poor visual function, the patient was instructed to fixate with the
fellow eye during acquisition.

Macular cube scans for 1450 subjects enrolled in the study were analyzed qualitatively by
two raters (A.V., O.A,; certified per institutional and clinical trial criteria [Optical Coherence
Tomography Trial in Multiple Sclerosis; ]) who were blinded to the clinical status of each of
the subjects. Each scan was graded based on the presence or absence of MMAs as defined in
Supplementary Table 2 and described in detail elsewhere2. To assess inter-rater agreement,
a random sample of 100 subjects (200 eyes) chosen from the overall cohort was
independently evaluated by the two primary raters. Scans demonstrating MMAS were
reviewed and verified by two separate investigators (E.S.S., S.S.) and a retinal specialist
(H.Y.); all masked to clinical status.

Statistical methods

Results

Statistical analysis was performed using Stata version 13.1 (StataCorp, College Station, TX).
Kappa statistic was used to evaluate inter-rater agreement for the detection of retinal
abnormalities. The Shapiro-Wilk test was used to evaluate the normality of distributions.
Comparisons between groups were performed using the Student #test (age), X2 test (sex),
and Fisher’s exact test (race and diagnosis).

Mixed-effects logistic regression was utilized to evaluate the influence of patient- and eye-
level covariates on the odds of identifying MMAs (labeled categorically). Two-level,
random-intercept, multivariate logistic regression models were used to account for eye
clustering within-subjects. Bonferroni correction for multiple comparisons was undertaken
as appropriate. In all analyses, statistical significance was defined as p<0.05.

Macular cubes for 1450 subjects (2900 eyes) were reviewed and 1445 subjects (2872 eyes)
were eligible for analysis. Eighteen eyes (0.6%) were excluded due to poor macular cube
quality and/or low signal strength (single eye of 8 subjects, both eyes of 5 subjects). Ten
eyes had missing macular cube data (less than 1% of the entire study sample). Out of the
1445 subjects examined, 1234 (85%) had one OCT assessment during the designated time
period, 173 (12%) had two assessments, and 38 (3%) had three or more (abnormalities seen
on at least one OCT scan were included; however, in all MMAs identified, these
abnormalities were also present on follow-up scans as well). Based on the kappa statistic,
excellent agreement was found between the independent raters for MMA identification: 97%
agreement, x = 0.863 (p<0.001; prevalence index = 0.75; bias index = 0.01). Adjudication
of cases in which there was disagreement was undertaken in a consensus revision of all
relevant scans with a retinal specialist (H.Y.). In 16 eyes of 14 subjects (5% of MMAs
cases), the retinal abnormality could not be reliably categorized into a distinct pathologic
entity solely based on OCT data.
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Prevalence and general characteristics of MMAs

The demographic characteristics of study participants are presented in Table 1. Overall,
MMAs were detected in 338 eyes of 232 subjects, giving rise to crude prevalence estimates
of 11.7% (95% CI 10.6%-13.0%) and 16.1% (95% CI 14.2%-18.0%) respectively. Amongst
the subjects in the MMASs group, bilateral abnormalities were noted in 106 subjects (45.7%)
and, in the majority of these cases, the abnormality was congruous for both eyes (n=78).
Multiple simultaneous retinal pathologies were recorded in 27 eyes of 23 subjects (8.0% of
the MMASs eyes).

Collectively, patients with MMAs were, on average, older (OR 1.79 per 5-year increase in
age; 95% Cl 1.5-2.1; p=5x10~°) and more likely to be males (OR 2.45; 95% CI 1.2-5.0;
p=0.014) as opposed to subjects with a morphologically normal macula after adjusting for
race and diagnosis at presentation. African-Americans tended to be at a higher risk of
MMAs as opposed to Caucasians, but this was not statistically significant (OR 2.27; 95% ClI
0.96-5.4; p = 0.063). The macular central B-scan report captured the observed macular
pathology in only 161 eyes (48%). In 162 eyes (48%), the macular pathology was peripheral
and not seen on the macular central B-scan report, whereas 15 cases (4%) were equivocal.
Amongst the 338 eyes with MMAs, visual symptomatology (either at the time of the OCT or
transiently in the past) were reported in 154 eyes (45.6%). Supplementary Table 3 provides a
breakdown of the presence versus absence of visual symptomatology by MMAs category.
Data on visual symptoms was missing or unknown for 8 eyes (2.4%). The most common
complaint was visual blurring/vision loss. Patients with MMP were statistically more likely
to report visual symptomatology in the affected eyes compared to other categories (Fisher’s
exact test; p = 0.002).

Characteristics of specific MMAs

The most common MMA observed in this study was drusen, which was noted in 87 subjects
(6.0%; Table 2; Figure 1, Panel A), and was present bilaterally in 38 subjects. The
occurrence of drusen appeared closely related to age with a 1.80-fold increase in risk per
each 5-year increment of age (95% CI 1.4-2.4; p=2x107°). Patients with sarcoidosis
appeared at higher risk of drusen as opposed to patients with other neuroinflammatory
disorders (OR 11.36 when compared to relapsing-remitting MS; 95% CI 1.1-119;
unadjusted p = 0.042). However, this finding did not retain significance after adjustment for
multiple comparisons. No statistically significant differences were observed for other
demographic characteristics.

Epiretinal membrane (ERM), the second most common finding, was observed in 79 subjects
(5.5%), of whom 41 had bilateral pathology (Figure 1, Panel B). Of the 79 patients identified
to have an ERM, 20 cases had previously identified ocular conditions associated with
secondary ERM formation, namely uveitis (n=7), intraocular surgery (n=6), and retinal
detachment (n=4) amongst others. Similar to drusen, older age appeared to be a strong risk
factor for the development of ERM with a 4.26-fold increase in risk with each 5 years of
increasing age (95% Cl 2.3-7.8; p=7x1073). Globally adherent ERMs were noted in 57 eyes
(47.5% of ERM eyes), whereas in 63 eyes (52.5% of ERM eyes) the ERM was focally
attached and/or associated with apparent macular traction. In 28 eyes (23% of ERM eyes),
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ERMs were associated with other retinal pathology, most commonly drusen (n=10),
followed by lamellar hole (n=5) and geographic atrophy (n=5).

Pigment epithelial detachment (PED) was observed in 29 subjects (2.0%). This consisted of
discrete areas of sub-retinal pigment epithelium (RPE) fluid accumulation in 76% of cases
(Figure 1, Panel C). In 24% of PED eyes, evidence of concomitant central serous
chorioretinopathy (CSC) was also detected (Figure 1, Panel H). Conversely, among the eight
eyes with CSC (0.3% prevalence), a PED or a bump in the RPE was apparent in 6 eyes
(75%).

Microcystoid macular pathology (MMP) was prevalent in 28 subjects (1.9%; Figure 1, Panel
D). In contrast with the prevalence patterns of MMAs overall, MMP was distinctly
associated with a younger age of presentation after adjustment for sex, race, and diagnosis at
presentation (OR 0.73 per each 5 years of advancing age; 95% CI 0.6-0.9; p=0.015).
Interestingly, African-Americans had a 15.0-fold higher risk of harboring MMP as opposed
to Caucasians (95% Cl, 4-56; p=5x107°). This finding remained statistically significant
after restricting the analysis to the subgroup of patients with MS or RRMS (p=5x10~* and
9x10~4 respectively).

In the subset of patients with MS, 24 subjects (47 eyes) were on fingolimod therapy at the
time OCT was obtained. Three eyes among this group had evidence of drusen but no cases
of fingolimod-associated macular edema or MMP were observed in this cohort. Within the
subgroup of patients with MS, increasing age remained an independent predictor of overall
MMAs, drusen and ERM prevalence after adjusting for sex and race (Supplementary Table
4). No statistically significant relationships were observed for other demographic variables.
Prevalence estimates of the less commonly observed MMAs are listed in Table 2 and
illustrated in Figure 1, Panels E-1. A comparison of the prevalence of MMASs amongst
specific disease categories is detailed in Table 3. There were no statistically significant
differences in the odds of MMAs in pairwise comparisons amongst the different disease
categories after adjusting for age, sex, race, and performing Bonferroni correction for
multiple comparisons.

The prevalence data for drusen and ERM (the two most common abnormalities observed in
the study) were compared to age-matched, population-based estimates obtained from the
Beaver Dam Eye study1314 (Table 4). Drusen prevalence rates for the overall cohort were
similar to population-based estimates between the ages of 43 to 54 years and significantly
lower between the ages of 55 to 64, and 65 to 74 years (p=0.003 and 0.013 respectively).
Similar trends were seen in the MS subgroup, although they did not reach statistical
significance. Interestingly, ERM prevalence rates for the overall cohort were consistently
higher than those seen in the general population amongst all ages included in the
comparison, but reached statistical significance only in the age groups 43 to 54, and 65 to 74
years (p=0.001 and 1x10~* respectively). This appeared to be driven mainly by the subgroup
of patients with MS as illustrated in Table 4. No statistically significant differences in drusen
or ERM prevalence were noted among the different MS subtypes. As a sensitivity analysis,
the ERM prevalence data were also compared to population-based estimates from the Visual
Impairment project!®, which revealed similar trends, particularly in the 40 to 69 years age
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epoch (Supplementary Table 5). The prevalence estimates for patients older than 75 years
were unreliable due to the small sample size, thereby precluding meaningful comparisons.

Discussion

OCT has been gaining momentum in the field of neurology as an important tool to help
elucidate discrete patterns of anterior visual pathway injury and aid in the diagnosis and
monitoring of neurological conditions. Our investigation characterizes general retinal
pathologies seen on OCT in neuroimmunology practice illustrating that in patients
undergoing OCT as part of their neurologic evaluation, unexpected or incidental MMAS are
not uncommon and occur, on average, in one out of seven patients. The strongest risk factor
involved in the detection of MMAs is age, emphasizing the importance of close OCT scan
review particularly in older patient populations.

While many of the retinal findings described may exhibit an innocuous appearance, a
proportion are associated with significant visual morbidity or have the potential to progress
to more deleterious complications, thus warranting further ophthalmologic evaluation and
management (Table 5 and Supplementary Figure 1). It is important to note that nearly half of
the detected MMAs (48%) were peripherally located and not apparent on central horizontal
or vertical B-scans (which are often the only images present on automated OCT reports),
and therefore may be easily overlooked. In practice, this underscores the importance of
comprehensive OCT scan review instead of relying solely on central B-scan representative
images. Next, we will address specific MMAs and their clinical relevance in order of their
prevalence.

Our results suggest that retinal pathology associated with or indicative of age-related
macular degeneration (AMD), such as drusen, PED, and geographic atrophy, appear to be
among the most prevalent findings in neuroimmunology practice. When compared to age-
matched prevalence estimates from US-based population studies!3, the prevalence patterns
for drusen appear to be closely similar to those seen in the general population for the epoch
of patients aged 43 to 54 years, but appeared lower between the ages of 55 to 74 years (Table
4). While macular drusen may arguably be the first clinically evident sign of AMD, its
presence often times denotes age-related changes or could serve as an epiphenomenon of
RPE cell dysfunction in the absence of any looming threat of visual compromise!6.17_ In this
context, a fundamental point to be made is that identifying the type of drusen is critical in
terms of estimating an individual’s risk of AMD, especially when it is incidentally found
without any referable visual complaintsl’. For instance, hard drusen (appearing as small,
distinct, and segregated yellow deposits on fundus imaging) has less than 3% risk of
developing into advanced AMD at 15 years, as opposed to soft drusen (appearing as larger,
indistinct areas that tend to cluster together) where the incidence can range between 13 to
53% depending on the exact morphology of the depositsi8-19, Such distinction between soft
and hard drusen is often not readily apparent solely based on OCT imaging and, therefore,
further ophthalmologic evaluation is vital for risk stratification.

Similar to prior reports, advanced age was an independent risk factor for ERM prevalence in
our analysis'®20, One principal finding, however, was that patients with MS appeared to
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have a two-to-three-fold higher risk of ERMs compared to general population estimates
obtained from the Beaver Dam and Visual Impairment project studies after adjustment for
age (Table 4 and Supplementary Table 5 respectively). Previous investigations have
highlighted a central role for intra-ocular inflammation, particularly uveitis, in the
pathogenesis and formation of ERMs2L. Interestingly, uveitis was the most common cause of
secondary ERM in our cohort, a factor that is exceedingly relevant in patients with MS and
sarcoidosis, who are at increased risk of pars planitis and panuveitis?2. Therefore, it can be
hypothesized that MS patients appear to have a higher incidence of clinical and subclinical
retinal inflammation that might be driving the formation of ERMs or other forms of retinal
pathology, such as MMP, occurring subsequently?.

The fourth most common MMAs reported in our investigation was MMP, a retinal
abnormality that has gained wide attention as a marker of visual disability in patients with
various forms of optic neuropathy. In recent years, practice-based studies have described
prevalence data on MMP ranging from 3 to 6% in patients with MS and has been linked to
prior history of optic neuritis®3.23.24, | ongitudinal studies examining the timing of MMP
development following optic neuritis are lacking, however, cross-sectional studies have
shown that this can occur on the order of months following confirmed visual pathway
injury2>. Furthermore, the presence of this abnormality has been linked to the severity of
inner retinal layer thinning and a younger age at presentation2®. Indeed, in contrast to other
retinal pathologies reported in this investigation, MMP was associated with a higher
likelihood of visual symptomatology and had a compelling trend of decreased risk with
advancing age. Our study, however, demonstrates that racial factors add another dimension
when it comes to explaining some of the heterogeneity behind MMP occurrence, with
African-Americans having a 15-fold higher risk of MMP as opposed to Caucasians. This
was mostly driven by the subset of patients with MS in the study. A conclusive reasoning
behind this predisposition is hard to propose. One of the most appealing explanations,
however, is that African-Americans MS patients appear to exhibit a more aggressive
phenotype of retinal damage characterized by accelerated retinal nerve fiber and ganglion
cell layer thinning compared to Caucasian MS patients?”-28, This tendency may be a driving
factor for reactive INL changes, including MMP, occurring in tandem. In addition, genetic
factors may underlie an increased susceptibility towards blood-retinal barrier disruption or a
dysregulated glial inflammatory response induced by ganglion cell death culminating in INL
edema. In accordance with these observations, potential relationships between genetic
biomarkers and retinal damage in MS and/or optic neuritis warrants further exploration.

A salient point underscored by the findings of this study is the importance of recognizing
subtypes of MMAs that may influence clinical decision making. For example, CSC
(observed in 0.5% of subjects) develops due to leakage of fluid into the subretinal space,
which can ultimately lead to acute visual loss mimicking acute optic neuritis. CSC was
observed in 7 subjects in this study: one patient with neurosarcoidosis, three patients with
possible MS, one patient with ALS, and two patients in whom the diagnosis was unclear.
Corticosteroid use has a long track record of precipitating and/or exacerbating CSC and their
use might be avoided in this setting2®. Furthermore, susceptible patients with CSC in whom
corticosteroid therapy is contemplated for other neurological or systemic disorders should be
counseled about the risk of developing acute ocular complications. A similar issue arises
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with fingolimod therapy whereby macular edema has been reported as an important adverse
event occurring in 0.5% of patients3. No cases of fingolimod-associated macular edema
were observed in our study. This probably relates to the small size of MS patients on
fingolimod therapy in our cohort of patients (n=24), since its US Food and Drug
Administration approval in September 2010 occurred shortly after the start of patient
recruitment. Therefore, this has likely limited the total number of MS patients on fingolimod
as well as the length of therapy prior to OCT acquisition.

One particular strength of this study is the systematic selection of an entire cohort of
neurologic patients undergoing OCT, using the same acquisition protocol, during a
predesignated time period, thereby minimizing a diversity of potential selection biases.
Although, due to the retrospective nature of the study, visual complaints were not
systematically captured in a uniform method amongst the study participants, which limited
our ability to correlate OCT findings with specific symptomatology. That being said, the
goal of this study is to demonstrate that the presence of certain MMASs on OCT merits
further ophthalmological evaluation, regardless of visual symptomatology, to establish the
ocular diagnosis and for risk stratification purposes. Another point worthy of mentioning is
that our population of patients were primarily selected from a neuroimmunology-based
practice, which limits the generalizability of our findings to other neurological patient
populations.

In summary, as OCT starts to make its way into routine neurologic practice, our study
highlights the need for pragmatic review of OCT scan images as many incidental MMASs can
masquerade behind neurological complaints. Neurologists involved in the interpretation of
OCT images should be equipped with the tools necessary to identify common qualitative
retinal findings and, more importantly, recognize the need for appropriate referral to an
ophthalmologist or retinal specialist for further evaluation (Table 5). In research
applications, many of these morphological findings can impact the performance of
automated macular segmentation algorithms and recent quality control criteria have been
instituted to minimize this occurrence3L. Collectively, employing measures for reliable
identification of MMAs in neurologic practice represents an important step towards
improving patient outcomes by early recognition of retinal disease before symptoms and
irreversible visual loss are underway.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Examples of morphologic macular abnor malities (MM As) detected in study eyes
Representative OCT B-scan images demonstrating eight examples of the more commonly

detected MMAs in the study. The OCT morphology terms are defined in Supplementary
Table 2. A, moderately reflective drusen with overlying photoreceptor layer thinning
(arrow). B, focally adherent ERM (arrows) with underlying macular pucker. C, PED
characterized by homogenously hyporeflective sub-RPE fluid (star). D, microcystoid
macular pathology characterized by lacunar areas of hyporeflectivity within the INL (arrow)
and underlying ONL shadowing (arrowhead). E, foveal pseudocyst marked by perifoveal
intraretinal cystoid changes (arrow) with signs of overlying incomplete posterior vitreous
detachment (arrowheads). F, advanced atrophic age-related macular degeneration (enclosed
in the area between the two arrows) with marked thinning of the RPE, increased choroid
reflectivity, and overlying retinal tissue loss. G, vitreomacular traction (arrow) caused by an
overarching ERM (arrowhead). H, PED (star) with overlying sub-retinal fluid accumulation
characteristic of central serous chorioretinopathy (arrows). I, lamellar macular hole
characterized by an intraretinal split between the OPL and ONL (arrow) and the lack of a
full thickness defect in the photoreceptor layers (star) associated with an overlying ERM
(arrowhead).
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Abbreviations: ERM = epiretinal membrane; INL = inner nuclear layer; MMAS =
morphologic macular abnormalities; OCT = optical coherence tomography; ONL = outer
nuclear layer; OPL = outer plexiform layer; PED = pigment epithelial detachment; RPE =
retinal pigment epithelium.
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Summary of demographics and clinical characteristics of the study population

Table 1:

Demographics Overall (n=1,445) | MNM group (n=1,213) | MMAsgroup (n=232) | MNM vs MMAs, p-value
Age, yr, mean £SD 44.0 £13 42.8 £12 50.3 £12 <0 Ola
Female, n (%) 1,047 (72) 896 (74) 151 (65) <0 Olb
Race, n (%):

- Caucasian 1,051 (73) 887 (73) 164 (71)
- African-American 267 (18) 221 (18) 46 (20)
- Hispanic 21 (1) 20(2) 1(<1) 0.24°
- Asian 18 (1) 14 (1) 4(2)

- Other 57 (4) 43 (4) 14 (6)
- Unknown 31(2) 28 (2) 3(1)

Diagnosis, n (%):

-RRMS 724 (50) 622 (51) 102 (44)
- SPMS 50 (3) 37 (3) 13 (6)
- PPMS 39 (3) 30 (2) 9(4)
-CIs 60 (4) 56 (5) 4(2)

- NMOSD 32(2) 28(2) 4(2)

- Sarcoidosisd 55(4) 8E) 17()

- Idiopathic TM 97 (7) 81 (7) 16 (7)
- Other® 388 (27) 321 (26) 67 (29)

a,
Student’s #test.
b
X2 test.

c_.
Fisher’s exact test.

Page 13

A diagnosis of neurosarcoidosis was made in 35 individuals, whereas 20 patients were referred for suspected neurosarcoidosis, but diagnosed with

sarcoidosis only.

e_ . . ] - . . . . .
This group constitutes patients seen at the clinic during the predesignated time period who did not have any of the more common
neuroimmunological disorders. The details of these disorders are listed in Supplementary Table 1.

Abbreviations: CIS = clinically isolated syndrome; MMAs = morphologic macular abnormalities; MNM = morphologically normal macula;

NMOSD = neuromyelitis optica spectrum disorders; PPMS = primary progressive multiple sclerosis; RRMS = relapsing-remitting multiple

sclerosis; SD = standard deviation; SPMS = secondary progressive multiple sclerosis; TM = transverse myelitis.

Mult Scler. Author manuscript; available in PMC 2020 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Al-Louzi et al.

Characteristics of specific MMAs detected in the study in order of prevalencel

Table 2:

Page 14

. o n, subjects Prevalence,Z* Prevalengi, . Bilateral
MMAs Brief description ( 5)2 subject-level eye-level involvement, n Remarks
& (95% Cl) (95% CI) (%)
Subretinal deposits Increased
Drusen between the RPE and 87 (125) 6.0;&&4).9— 4'4;/;0(/3)‘7_ 38 (44%) prevalence with
Bruch’s membrane 70 70 age
Fibrocellular tissue
p Increased
o wth internal to the .
Epiretinal gro . prevalence with
membrane ILM; can range from 79 (120) 5.5% (4.4~ 4.2% (3.5 41 (52%) age; macular
(ERM) subtle cellophane-like 6.8%) 5.0%) ucker in 63 eves
films to thick contractile P o 4
membranes (52.5%)
Pigment
= Detachment of the RPE :
epithelial . 8 2.0% (1.4- 1.2% (0.8- CSC in 8 eyes
detachment from BM fvlvulltg sub-RPE 29 (34) 2.9%) 1.7%) 5 (17%) (24%)
(PED)
. . Lacunar areas of cystoid ON history in 19
Microcystoid P .
macular L oroNL s~ | 28 33) 1.9% (1.3 1.1% (0.8 5 (18%) incremse sk in
p?,t\zﬁ/ll%%y characteristic perifoveal 2.8%) 1.6%) African-
location Americans
Foveal cystoid changes .
. - - FPin 7 eyes
Foveal cystoid with or without 0.7% (0.4- 0.4% (0.2 . p
changes perifoveal posterior 101) 1.3%) 0.7%) 1 (10%) (64?’29’5 %E\L%n 5
hyaloid detachment 4 0
Geographic
atrophy or other Focal RPE atrophy. 10 05% §/°)'2‘ 03% 0(/0).2— 222%) ERI\/(ISi " o/s)eyes
advanced forms A 0% .6% 0
of AMD complication of AMD
Subretinal fluid : -
Central serous - Associated with
A accumulation due to 0.5% (0.2- 0.3% (0.1~ p
chorioretinop dysfuunctL;onlof thg RPE 7(8) 1%5@ 0.%0(@ 1 (14%) PED in 6 eyes
athy (CSC) and/or choroid (75%)
Posterior vitreous
Vitreomacula r detachment with 5(6) 0.3% (0.1- 0.2% (0.1- 1 (20%) ERM in 2 eyes
traction (VMT) evidence of retinal 0.8%) 0.5%) (33%)
traction
Lamellar Intraretinal split
macular hole associated with a thin 5(5) 0.3% (0.1- 0.2% (0.1~ 0(0) Associated with
(LMH) and irregular foveal 0.8%) 0.4%) ERM in all eyes
floor
Otheeyrés(;t of Macular pseudohole (2), retinal detachment (2), large FTMH (2), cystoid macular edema (1)

1 . . .
MMA s could not be categorized solely based on OCT data in 16 eyes of 14 subjects (5% of MMAs cases).

2 . . . Lo
Numbers and percentages are not additive to the total MMAs metrics because of the occurrence of multiple pathologies in 8% of MMAs eyes.

*
Subject-level prevalence defined as the proportion of subjects identified to have a specific MMAs in at least one eye in the study sample. Eye-level

prevalence defined as the proportion of eyes identified to have a specific MMAs amongst all eyes included.

Abbreviations: AMD = age-related macular degeneration; BM = Bruch’s membrane; Cl = confidence interval; CSC = central serous

chorioretinopathy; ERM = epiretinal membrane; FP = foveal pseudocyst; FTMH = full-thickness macular hole; ILM = inner limiting membrane;
INL = inner nuclear layer; MMAs = morphologic macular abnormalities; MMP = microcystoid macular pathology; ON = optic neuritis; ONL =
outer nuclear layer; OPL = outer plexiform layer; PED = pigment epithelial detachment; RPE = retinal pigment epithelium.
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Table 3:

Prevalence of MMAs amongst specific disease categories included in the studyl’ ?

Page 15

MMAs RRMS SPMS PPMS CIS NMOSD | Sarcoidosis | Idiopathic TM
MMAs, overall 141(9.8) | 19 (19.4) | 16(20.1) | 4(3.4) | 7(105) 24 (22.6) 26 (13.4)
Drusen 4330) | 77 | 91y | 2@ | 3@49) 13 (12.3) 6(3.1)
Epiretinal membrane 46 (3.2) 9(9.2) 5(6.5) - 1(1.6) 5(4.7) 15(7.7)
Pigment epithelial detachment 17 (1.2) 1(1.02) - 1(0.9) 1(1.6) 2(1.9) 3(1.6)
Microcystoid macular pathology 23(1.6) 2(2.0) 3(3.9) - - 2(1.9) -
Foveal cystoid changes 3(0.2) 1(1.0) - - - - 3(1.6)
Geographic atropyfyAC)’:A(IJ:t)her advanced forms 5(0.4) } } } ) ) 2(10)
Central serous chorioretinopathy - - - - - 1(0.9) -
Vitreomacular traction 3(0.2) - - - - 2(1.9) 1(0.5)
Lamellar macular hole 1(0.1) 1(1.0) - - - — -

1 . . .
Data is presented as n (%), where n is the number of eyes and the percentage refers to the proportion of abnormal eyes compared to the total
number of eyes for that disease category (i.e. prevalence).

No statistically significant differences were found in the odds of MMAs amongst the different disease categories (using the presence/absence of
MMA:s as dependent variable and the diagnosis as a categorical co-variate), using multilevel logistic regression models with pairwise comparisons
adjusting for age, sex, race, and performing Bonferroni correction for multiple comparisons.

Abbreviations: AMD = age-related macular degeneration; CIS = clinically isolated syndrome; MMAs = morphologic macular abnormalities;
NMOSD = neuromyelitis optica spectrum disorders; PPMS = primary progressive multiple sclerosis; RRMS = relapsing-remitting multiple
sclerosis; SPMS = secondary progressive multiple sclerosis; TM = transverse myelitis.
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Table 4:

Page 16

Age-matched prevalence estimates of drusen and epiretinal membrane in this study (overall and in the multiple
sclerosis subgroup) compared to population-based estimates obtained from the Beaver Dam Eye Study

Drusen prevalence, % (No. at Risk; 95% CI)1

ERM prevalence, % (No. at Risk; 95% CI)2

48.1)

Age,
yrs Population-based Population-based
Overall cohort M S subgroup estimates Overall cohort M S subgroup &stimat&sz
<43 3.2(665 2.1~ [ 57 (407, 1.5-4.8) -(0) 14(665 0.7 | 1 9 (407; 0.4-2.6) -(0)
4.8) 2.6)
7.4 (488; 5.4- 6.5 (262; 4.1- . 4.3 (488; 2.8— 5.0 (262; 2.9-8.4) )
43-54 10.1) 102) 7.1 (1504; 5.9-8.5) 65) * . 1.7 (1419; 1.1-2.5)
8.6 (221, 5.5~ 8.1 (124; 4.4- 16.3 (1301; 14.3- 11.8 (221; 8.1~ 12.9 (124; 8.0~ )
55-64 13.) # 14.5) 18.4) 16.8) 201 6.7 (1145; 5.3-8.3)
10.6 (66; 5.0~ 23.9 (1249; 21.6—- 30.3 (66; 20.2—- | 35 (20; 16.4-59.6) 11.7 (1035; 9.8-
— 15 (20; 4.4-40.4 : ; ;
65-74 21.0) 5 (20 04) 26.4) 27" * 13.8)
75+ | 80(5;0.1-99.2) -(0) 443 (713,406~ | 60 (5:81-06.2) -(0) 8.5 (526; 6.3-11.3)

1 . . .
Population-based estimate data extracted from Klein et alls,

ZPopuIation-based estimate data obtained by weighted-averaging of the ERM prevalence estimates of both genders in each age stratum of the right

eyes included in the Beaver Dam Eye study16.

*
Denotes a significantly higher prevalence rate compared to general population estimates.

# L . .
Denotes a significantly lower prevalence rate compared to general population estimates.

Abbreviations: ClI = confidence interval; ERM = epiretinal membrane; MS = multiple sclerosis.
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Table 5:

Examples of retinal abnormalities warranting further ophthalmological referral if incidentally detected on

OCT imaging

Type of retinal abnormality

Urgency of ophthalmological referral

Multiple or aggregate drusen deposits

Routine

Epiretinal membrane

Routine, maybe urgent if there are signs of macular edema/retinal traction or
progressive visual compromise

Pigment epithelial detachment Routine
Foveal pseudocyst Urgent
Geographic atrophy or other advanced forms of AMD Urgent

Central serous chorioretinopathy

Routine, maybe urgent if treatment with systemic corticosteroids is contemplated

Lamellar macular hole

Urgent

Retinal detachment

Ocular emergency

Macular hole

Urgent

Cystoid macular edema

Urgent

Abbreviations. AMD = age-related macular degeneration
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