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Abstract

Purpose: Pediatric optic neuritis (ON) is a rare disease that has not been well characterized.
The pediatric ON prospective outcomes study (PON1) was the first prospective study aiming to
evaluate visual acuity (VVA) outcomes, including VA, recurrence risk, and final diagnosis 2-years
post-enrollment

Design: Non-randomized observational study at 23 pediatric ophthalmology or neuro-
ophthalmology clinics in US and Canada.

Participants: 28 (64%) of 44 children initially enrolled in PON1 (age 3<16 years) who
completed their 2-year study visit.

Exposure(s): Treatment at investigator discretion.

Main Outcomes Measures: Age-normal monocular high contrast VA (HCVA). Secondary
outcomes included low contrast VA (LCVA), neuroimaging findings, and final diagnoses.

Results: 28 participants completed the 2-year outcome with a median enroliment age of

10.3 years (range 5-15); 46% were female and 68% had unilateral ON at presentation. Final 2-
year diagnoses included isolated ON (n=11, 40%), myelin oligodendrocyte glycoprotein (MOG)-
associated demyelination (n=8, 29%), multiple sclerosis (MS) (n=4,14%), neuromyelitis optica
spectrum disease (NMOSD) (n=3,11%), and acute disseminated encephalomyelitis (n=2, 7%).
Two (7%; 95% Cl=1-24%) participants had subsequent recurrent ON (plus one participant who
did not complete the 2-year visit); all had MS. Two other participants (7%) had a new episode

in their unaffected eye. Mean presenting HCVA was 0.81 logMAR (~20/125), improving to 0.14
logMAR (~20/2572) at 6 months, 0.12 logMAR (~20/2572) at 1 year, and 0.11 logMAR (20/2571)
at 2 years (95% C1=-0.08-0.3 (20/20*1-20/4071)). Twenty-four (79%) had age-normal VA at

2 years (95% C1=60-90%);21 (66%) had 20/20 vision or better. The six participants without

Ophthalmology. Author manuscript; available in PMC 2023 August 01.
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age-normal VA had 2-year diagnoses of NMOSD (n=2 participants, 3 eyes), MS (n=2 participants,
2 eyes), and isolated ON (n=2 participants, 3 eyes). Mean presenting LCVA was 1.45 logMAR
(~20/50072), improving to 0.78 logMAR (~20/125%2) at 6 months, 0.69 logMAR (~20/100+1) at 1
year, and 0.68 logMAR (~20/100%2) at 2 years (95% CI1=0.48-0.88 (20/50*1-20/15071)).

Conclusions: Despite poor VA at presentation, most children had marked improvement in VA
by 6 months which was maintained over two years. Associated neurologic autoimmune diagnoses
were common. Additional episodes of ON occurred in 5 (18%) of the participants (3 relapses and
2 new episodes).

Precis:

Despite poor visual acuity at presentation, most children in the pediatric optic neuritis prospective
outcomes study had marked improvement which was maintained over 2 years. Associated
neurologic disease was common in children with optic neuritis.

Keywords

Pediatric Optic Neuritis; Pediatric Ophthalmology; Neuro-ophthalmology

Introduction

Methods

Although optic neuritis (ON) has been well-studied in adults,! there are limited prospective
data related to ON in children.2 The Pediatric Optic Neuritis Prospective Outcomes Study
(PON1) was conceived to determine our network’s ability to enroll children with ON into a
prospective observational study with follow-up at 1-month, 6-months, 1-year and 2-years.34
In 2020, we published 6-month visual acuity (VA) outcomes for this cohort.# Despite poor
VA at presentation, the majority of children with ON had marked improvement in VA

six months after onset and associated neurologic autoimmune diagnoses were common,
specifically acute disseminated encephalomyelitis (ADEM, 16%), myelin oligodendrocyte
glycoprotein positive (MOG+) demyelinating disorder (18%), multiple sclerosis (MS, 11%),
and neuromyelitis optica spectrum disorder (NMOSD, 7%).4

Herein we report 2-year VA outcomes, recurrence, and prevalence of associated neurologic
autoimmune diseases at 2 years.

The study was supported through a cooperative agreement with the National Eye Institute,
National Institutes of Health, Bethesda, Maryland, and was conducted according to

the tenets of the Declaration of Helsinki by the Pediatric Eye Disease Investigator

Group (PEDIG) and the Neuro-Ophthalmology Research Disease Investigator Consortium
(NORDIC) at 23 academic- and community-based clinical sites specializing in either
pediatric or neuro-ophthalmology in North America. The study protocol and Health
Insurance Portability and Accountability Act compliant informed consent forms were
approved by each site’s institutional review boards (IRB). A parent or guardian of each
participant gave written informed consent, and children also provided written assent when

Ophthalmology. Author manuscript; available in PMC 2023 August 01.
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applicable as determined by the local IRB. The full study protocol is available on the PEDIG
web site (www.pedig.net; accessed March 23, 2021).

Children and teenagers (3 to <16 years old at enrollment) who presented with a first episode
of ON in one or both previously unaffected eyes (based upon clinical diagnosis) within

two weeks of symptom(s) onset were enrolled. To be considered a study eye with ON,
affected eyes had to have vision loss and/or pain on eye movements for <2 weeks and

at least one of the following: distance high contrast visual acuity (HCVA) deficit at least

0.2 logMAR below age-based norms,> diminished color vision, abnormal visual field, or
optic disk swelling. Age- based normative values for VA were referenced from prior studies
which demonstrated that normal visual acuity improves with age, and is approximately 0.4
logMAR for 3 to <4 year-olds, 0.3 logMAR for subjects 4 to <6 years, 0.2 logMAR for
subjects 6 to <7 years, and 0.1 for children over 7 years old on HOTV testing. For children
over 7 years of age, the ETDRS test was performed, and 0.16 LogMAR was considered
age-normal.>8 For unilateral cases, a relative afferent pupillary defect was required. ON was
deemed bilateral and simultaneous if present in both eyes at enroliment or if the fellow

eye developed ON within one month of enrollment. Not all participants classified as having
bilateral ON contributed two study eyes because inclusion of study eyes was based on
additional eye-level eligibility criteria (such as the presence of symptoms for longer than 2
weeks). Patients with a known history of demyelination were included if they did not have a
reported or documented prior episode of ON in the affected eye.

At enrollment, monocular distance HCVA and low contrast visual acuity (LCVA,; using
2.5% low contrast letters) were tested in the participant’s habitual refractive correction (right
eye, then left eye) by a study-certified examiner using the electronic ATS-HOTV® protocol
if <7 years,” or E-ETDRS® protocol if =7 years of age.8 A cycloplegic refraction was
performed if not done within the past month and HCVA testing was repeated in trial frames
if the participant had uncorrected refractive error requiring optical correction or a significant
change refractive error.

MRI of the brain with and without intravenous gadolinium was required within 2 weeks of
symptom onset. If the MRI had not yet been performed at enrollment, the recommended
technique included fat-saturation for orbital images and Short-T1 Inversion Recovery
(STIR) sequences. MRI images were collected and sent for review by a masked examiner
(AW) to confirm the presence of optic nerve enhancement and associated white matter
lesions (WML). The masked assessment was performed without demographic or clinical
information MRIs performed 2 years post-presentation were analyzed. If already completed
by the enrolling site as part of standard care, the results of aquaporin-4 (AQP4) antibody
testing for NMOSD were collected. If blood or serum had not been collected as part of
standard care, the parent(s) (and child, if old enough for assent) were given the option

at enrollment to participate in a study to measure AQP4 antibodies as well as MOG.% A
Clinical Laboratory Improvement Amendment (CLIA)-certified test for antibodies to MOG
was not clinically available at the start of the study.

Follow-up visits were conducted at 1 month (1-75 days), 6 months (76-272 days), 1
year (273-544 days), and 2 years (545-907 days) post-enroliment. At each study visit,
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monocular HCVA and LCVA were tested and anterior and posterior segments were
examined. At the 1-month visit, a Tanner puberty stage questionnairel® and a neurologic
symptom questionnairel! were administered, and sites completed a neurological summary
diagnosis form,* detailing the investigator’s diagnosis utilizing standardized definitions12
disolated ON, ADEM, NMOSD or MOG+ ON) at each visit. Cases initially classified as
“clinically isolated syndrome” were combined for analysis with isolated ON. The etiology
was considered an “associated neurologic autoimmune diagnosis” if the MRI showed WML.
If the masked MRI reading or results of the AQP4 or MOG antibody tests (if done)
yielded discrepant findings from the investigator’s initial diagnosis, the initial diagnosis
and enrollment data were reviewed by the study chairs and the diagnoses were adjudicated
to a final diagnosis at enrollment and again at the 2-year study visit.

Statistical Analyses

Results

To evaluate the difference in baseline HCVA between 2-year visit completers and non-
completers, a mixed model with an exchangeable correlation matrix to account for
correlation between eyes at enrollment was performed. Due to concerns about missing not
at random, the outcomes for later visits are calculated separately for the limited data from
non-completers.

The proportion of eyes with age-normal HCVA eyes at 2 years were calculated using a
binomial regression model that adjusted for between-eye correlation.13 A generalized linear
model with robust variance estimation was used to calculate means and 95% confidence
intervals (Cls) for HCVA at 6 months, 1 year, and 2 years; and change in HCVA from
baseline at each visit. For this primary analyses, an exchangeable correlation matrix was
used to account for correlation between study eyes from the same participant.

Monocular LCVA scores at 2 years was the secondary outcome. An exploratory analysis

for percent and exact confidence interval of participants with age-normal VA by final
diagnosis was also performed. No adjustment for multiple testing was performed because
these analyses were considered exploratory. Analyses were conducted using SAS version 9.4
(SAS Inc., Cary, NC).

Baseline Characteristics

We enrolled 44 participants (54 eyes) between June 2016 and July 2018 at 23 sites (range
1-15 participants/site); 28 participants (32 eyes) completed the 2-year follow-up visit with
HCVA (Figure 1, Table 1). The median age at enrollment of the 28 participants was 10.3
years (range 5-15); 46% were female; and 68% had unilateral ON at presentation. From

the original study, 16 participants were not examined at 2 years. Of these, 15 were lost to
follow-up after multiple attempts to contact them failed to result in their return for a final
visit. One parent withdrew from the study for an unknown reason. 37 participants completed
the 6-month and 1-year visits.

All (100%) 28 participants completed the 2-year exam were treated with corticosteroids at
some time during the study period, typically within the first month (27 at enrollment and
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1 by one month). MRI findings at enrollment revealed cerebral WML (aside from optic
nerve enhancement) in 17 of 28 (61%, 95% CI = 0.41-0.78) based upon masked reading of
the MRI. Of the 8 (29%) 2-year visit completers who participated in the optional study for
AQP4 testing at enrollment, 1 (13%, 95% Cl= 0-53%) tested positive for AQP4 antibodies.
Consent for optional MOG testing at enrollment was obtained for 8 (29%) of the 2-year visit
completers, of whom 3 (38%, 95% CI = 9-76%) tested positive for MOG antibodies. Based
upon the combination of clinical findings, MRI review, and serological testing (including
serologic testing as part of clinical care), the final 2-year diagnosis was isolated ON in 39%
(n=11) of participants. Other final 2-year diagnoses were: MOG-associated demyelination
(n=8, 29%), MS (n=4, 14%), ADEM (n=2, 7%), and NMOSD (n=3, 11%) (Table 2). The
adjudicated diagnosis at enrollment was consistent with the 2-year diagnosis for 16/28
(57%) (Table 3).

Distance Visual Acuity

Non-completers had worse point estimates of VA at enrollment than those who completed
the study (estimate (95% ClI) for the logMAR difference for a two-year completer was

-.35 (.76, 0.06) logMAR lower than non-completers, p=0.09). Table 4, available at https://
www.aaojournal.org, shows the distribution of visual acuities for the non-completers at each
visit. The adjusted mean distance HCVA at enrollment was 1.16 logMAR (~20/250 , 95% ClI
= 0.94-1.38). Three of 22 eyes (9%, 95% CI = 2-32%) had distance HCV/A at enrollment
that was age-normal. By 1 year, the mean distance HCVA improved in the 12 remaining
eyes (9 participants) by 10.7 lines (95% Cl= 6.89-14.51) to 0.18 logMAR (~20/32, 95%
Cl=-0.11-0.47); 6 of 12 eyes (44%, 95% CI = 18-75%) had age-normal HCVA at 1 year.

In the 2-year completers, the adjusted mean distance HCVA at enrollment was 0.81 logMAR
(~20/125 , 95% CI = 0.62-1.0). Of 32 eyes, 8 (25%, 95% CI = 14-42%) had distance HCVA
at enrollment that was age-normal. Seven eyes (22%) had distance HCVA between 20/250
to 20/800, and 7 eyes (22%) had HCVA worse than 20/800 (Table 5). By 2 years, mean
distance HCVA improved by 7.09 lines (95% Cl= 4.32-9.85) to 0.11 logMAR (~20/25,

95% CI=-0.08-0.30); 24 of 32 eyes (79%, 95% CI = 60-90%) had age-normal HCVA at

2 years and 21 had 20/20 vision or better at 2 years. Only 2 (6%) participants had distance
HCVA worse than 20/200, with only 1 of those 2 (3%) having worse VA than 20/800.

One participant each with MS and NMOSD had unilateral VA worsen by 3 and 6 lines
respectively from enrollment to 2 years. Of the four participants with worse than 20/40 at the
two year visit, two were improvements from baseline. One unilateral participant improved
from >20/800 to 20/50. A bilateral participant improved from >20/800 in both eyes to

20/63 and 20/40. The other two participants were unilateral cases worsening form 20/100 to
20/400 and 20/500 to >20/800.

Of the patients who did not complete the 2-year follow up, 3 of them did not follow-up for
the six-month visit. Of those, there were two unilateral cases (ADEM and isolated ON with
enrollment VA of 1.7 and 0.6 logMAR, respectively). The other patient had bilateral ON
and presenting VA of 1.3 and 0.8 logMAR. Four additional patients did not complete any
visits after their 6-month follow-up. Of these four patients, 3 had bilateral ON and 1 had
unilateral ON. Enrollment VA for the 3 bilateral cases was 1.4 and 1.6 logMAR improving
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to 0.2 and 0.0 logMAR at 6 months, and 1.5 logMAR improving to —0.3 at 6 months, and
1.7 and 0.2 logMAR improving to —0.1 and 0.1 logMAR at 6 months. The fourth patient
who only completed 6 months of follow-up with unilateral ON presented with 0.5 logMAR
and improved to 0.1 logMAR.

Low Contrast Visual Acuity

In non-completers, the adjusted mean distance LCVA at enrollment was 1.59 logMAR
(~20/800, 95% CI = 1.4-1.78); 20 of 22 eyes (91%) had distance LCVA worse than
20/200, and 15 eyes (68%) had LCVA worse than 20/800 (Table 4, available at https://
www.aaojournal.org). By 1 year, the LCVA for the 9 remaining eyes (7 participants)
improved by 7.57 lines (95% CI = 3.66-11.47) to 0.81 logMAR (~20/125, 95% CI =

0.53 to 1.09); 1/9 (11%) eyes had distance LCVA worse than 20/800 (Table 4, available at
https://www.aaojournal.org).

In the 2-year completers, the adjusted mean distance LCVA at enroliment was 1.45 logMAR
(~20/640, 95% CI = 1.25-1.64); 26 of 32 eyes (81%) had distance LCVA worse than 20/200,
and 18 eyes (56%) had LCVA worse than 20/800 (Table 5). By 2 years, the LCVA improved
by 7.24 lines (95% CI = 5.06-9.41) to 0.68 logMAR (~20/100, 95% CI = 0.48 to 0.88); 4/32
(13%) eyes had distance LCVA worse than 20/800 (Table 5).

The results of subgroup analyses evaluating the proportion of completers with age-normal
HCVA by final diagnosis are included in Table 2.

Discussion

This 2-year observational study provides the longest prospective follow-up of VA outcomes
for children and teenagers with ON and provide useful insights for clinicians and patients.
The data suggest that a clinical diagnosis of isolated ON at the time of onset may reduce
the risk of recurrence and the development of an associated neurologic condition; In this
study, only 2 of the 12 participants with a clinical diagnosis of isolated ON with 2 years of
follow-up developed an associated condition, with one having a recurrence. This finding

is consistent with previous studies that have reported that MRI brain abnormalities at
presentation are one of the strongest predictors of the development of MS.14 In addition,
despite poor VA at presentation, most children had marked improvement in VA at 2 years,
which was present by 6 months from onset.

Associated neurologic autoimmune conditions were common, occurring in 61% of the
participants who completed their 2-year visit. MOG-associated demyelination was the most
common associated disease in 29% of participants, although these children were commonly
labelled with ADEM at the enrollment exam (Table 3). At enrollment, the majority of
participants who were mis-labelled were initially diagnosed with ADEM or NMOSD and
eventually diagnosed with MOG+ disease. Many of these initial mis-attribution may have
been related to the rapid evolution of the understanding of the role of MOG testing®~17 in
pediatric ON resulting in increased standard-of-care MOG testing that occurred during the
time span of this study. Only one patient who was eventually determined to have NMOSD
after later serologic testing was mis-labelled at the enrollment visit (Table 3). Correctly
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identifying NMOSD is important because NMOSD requires a different treatment regimen
such as an anti-B cell agent, and the disease course may be aggravated by disease-modifying
drugs for MS.18

Poor outcomes (defined as HCVVA worse than 20/50 and LCVA worse than 20/250),
persisted at 2 years in 4 (14%) of 28 participants who had HCVA 20/50 or worse at
enrollment [isolated unilateral ON (n=1), NMO (n=2), MS (n=1)] and 5(18%) participants
who had LCVA 20/250 or worse at enrollment [isolated unilateral ON (n=1), isolated
bilateral ON (n=1), NMO (n=1), MOG+ ON (n=1) and MS (n=1)]. Prior studies have
identified NMO-associated ON as a risk factor for more severe, persistent vision loss in
children.1? Interestingly, no participant who relapsed or had poor recovery of HCVA had
a diagnosis of MOG-associated ON [although only 8/28 (29%) underwent MOG testing

at enrollment]. This finding is consistent with other studies which identify MOG-related
disease as having a low risk of severe, permanent vision loss although our small number of
participants cannot rule out the possibility of poor outcomes in all cases of MOG-related
disease.15-17 Of note, we may have missed some MOG-associated diagnoses due the low
frequency of MOG testing.

Although this study is the first prospective study of visual outcomes in pediatric ON,

the study has limitations, including a large number of participants who did not complete
their 2-year follow-up visit and a lower enrollment than was initially planned due to poor
recruitment. This resulted in some results that are difficult to interpret, with wide confidence
intervals. The participants in the non-completer group had a higher proportion of isolated
ON although it is possible that with longer follow-up, an associated neurologic diagnosis
may have been made. In addition, there was a non-statistically significant difference in

the enrollment VA between the completer and non-completer groups, with a better point
estimate of enrollment VA in those who completed the two-year visit. Therefore, it is
possible that our two-year results may be biased towards a better presenting VA compared to
the population at large. Despite these limitations, our study provides data on the long-term
visual and neurologic prognosis of children with ON, and we found that the majority had
marked improvement in VA by 6 months. These data also provide insights on the risk of ON
recurrence and development of associated neurologic autoimmune disorders. Future studies
of pediatric ON should consider the recruitment and retention difficulties experienced in
PON1 and adjust their enrollment goals accordingly. Furthermore, our results suggest that
the presence of certain associated neurologic syndrome may affect visual prognosis. Future
studies should evaluate treatment regimens to minimize systemic and visual comorbidities.
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Refer to Web version on PubMed Central for supplementary material.
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1-MONTH VISIT

n=42 participants, 52 study eyes

l

6-MONTH VISIT

n=37 participants, 45 study eves

l

1-YEAR VISIT

n=37 participants, 44 study eyes

l

2-YEAR VISIT

n=28 participants, 32 study eyes

Figure 1.
Visit Completion with HCVA
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Table 1.

Baseline Characteristics of Participants by 2-Year Visit Completion Status

Page 13

Non-Completer (N=16) | Completer (N=28)
n % n %

Sex: Female 5 31% 13 46%
Age (Years)

3to<7 3 19% 7 25%

710 <10 2 13% 6 21%

10 to <13 7 44% 9 32%

>=13 4 25% 6 21%

Mean (SD) 10.3 (3.5) 10.2 (3.5)
Race/Ethnicity

White 7 44% 16 57%

Black/African American 2 13% 4 14%

Hispanic 4 25% 6 21%

Asian 3 19% 1 4%

Unknown/not reported 0 1 4%
Pre-Puberty Status by Tanner Questionnaire

Yesd 3 19% 6 21%

No 11 69% 17 61%

Not Done/Unknown 2 13% 5 18%
Systemic Symptoms Reported:

None 10 63% 11 39%

Any 6 38% 17 61%
Family History of Medical Conditions (listed below): Yes

None 11 69% 17 61%

Optic neuritis 2 13% 1 4%

Autoimmune conditions 4 25% 6 21%

Cardiovascular disease 1 6% 6 21%
Laterality at PON presentation

Bilateral? 7 44% 9 32%

Bilateral sequential 0 1 4%

Bilateral simultaneous 7 44% 8 29%

Unilateral 9 56% 19 68%
Corticosteroid Treatment at Time of Enroliment ¢

No 3 19% 1 4%

Yes 13 81% 27 96%
History of Demyelination

None 15 94% 22 79%
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Non-Completer (N=16) | Completer (N=28)
n % n %
Optic neuritis 0 1 4%
Multiple sclerosis 0 1 4%
Acute disseminated encephalomyelitis (ADEM) 1 6% 2 7%
Transverse myelitis 1 4%
Not reported 0 1 4%
Brain Lesion(s) on Magnetic Resonance Imaging (MRI) d
Site Assessment
No 8 50% 13 46%
Yes 8 50% 15 54%
Independent Masked Assessment
No 9 56% 11 39%
Yes 6 38% 17 61%
Unknown/Unable to determine 1 6% 0 0%
Diagnosis based on initial site impression €

Bilateral isolated optic neuritis 6 38% 3 11%
Unilateral isolated optic neuritis only 4 25% 9 32%
Acute disseminated encephalomyelitis (ADEM) 2 13% 6 21%
Multiple sclerosis 2 13% 3 11%
Neuromyelitis optica spectrum disorder (NMO) 1 6% 4 14%
Myelin oligodendrocyte glycoprotein positive demyelinating disorder (MOG) 0 0% 1 4%
MS vs seronegative NMO 1 6% 1 4%
Unknown/ Not Reported © 0 0% 1 4%

a ] . . S . .
Pre-puberty defined as Tanner Questionnaire Level 1 response = scrotum and penis size are the same as when young (if male) or breasts are flat (if

female).

Of those with bilateral optic neuritis at presentation, laterality was defined as simultaneous bilateral if both eyes developed an initial episode of

acute optic neuritis within 1 month of each other; otherwise, participants were classified as having sequential bilateral optic neuritis.

Participants were classified as having corticosteroid treatment (oral or intravenous) at enrollment if corticosteroid use was current and/or reported

prior to enrollment or if corticosteroid treatment was prescribed at enroliment.

a i
Based on MRI scan performed at enrollment (or within 2 weeks after enroliment).

e.. . . . . . - . . - .
Site-reported diagnosis was recorded at the 1-month visit. Cases where the investigator indicated that the diagnosis was clinically isolated
syndrome were reclassified as either unilateral optic neuritis only or bilateral optic neuritis only according to laterality at optic neuritis presentation.

Site did not report a diagnosis because the participant missed the 1-month visit.
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Table 3:
Enrollment and Final Diagnoses at 2-years
Enrollment diagnosis Final 2 year diagnosis Count
Missing Multiple sclerosis 1
ADEM ADEM 2
ADEM MOG+ demyelinating disorder 3
ADEM NMOSD 1
Bilateral optic neuritis only Bilateral optic neuritis only 3
MOG associated MOG+ demyelinating disorder 1
MS vs Seronegative NMO MOG+ demyelinating disorder 1
Multiple sclerosis Multiple sclerosis 2
Multiple sclerosis Unilateral optic neuritis only 1
NMOSD MOG+ demyelinating disorder 2
NMOSD NMOSD 2
Unilateral optic neuritis only | MOG+ demyelinating disorder 1
Unilateral optic neuritis only | Multiple sclerosis 1
Unilateral optic neuritis only | Unilateral optic neuritis only 7
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