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Abstract  1 

Background: Optic neuritis (ON) may be monophasic or occur as part of a relapsing demyelinating 2 

syndrome (RDS), such as MS, AQP4-Ab neuromyelitis optical spectrum disorder (NMOSD) or MOG-3 

Ab-associated disease.  4 

 5 

Methods: 42 children were retrospectively studied; 22 with MS (MS-ON) and 20 with Ab-associated 6 

demyelination (Ab-ON: MOG-Ab=16 and AQP4-Ab=4). Clinical and paraclinical features were analysed. 7 

 8 

Results: Complete recovery of visual acuity (VA) was reported in 25/42 (60%) children; 8/38 (21%) 9 

suffered moderate or severe visual impairment (logMAR>0.5) in their worst eye, including 4/38 (11%) 10 

who were blind (logMAR>1.3) in their worst eye (2 MS, 2 AQP4-Ab NMOSD). None of the children with 11 

MOG-Ab were blind. Recurrence of ON was more common in the Ab-ON vs MS-ON group (15/20 vs 12 

7/22, p=0.0068). RNFL thickness at baseline inversely correlated with total number of ON episodes 13 

(r=0.38, p=0.0062) and VA at final follow-up (r=-0.42, p=0.0023). There was no correlation between 14 

number of ON episodes and visual outcome.  15 

 16 

Conclusion: In children with RDS, long-term visual impairment inversely correlated with RNFL 17 

thickness, but not with number of ON relapses. OCT may have a role in the assessment of children with 18 

ON to monitor disease activity and inform treatment decisions. 19 

 20 

 21 

What this paper adds: 22 

 40% of children with relapsing demyelinating syndromes (RDS) suffer long-term visual 23 

impairment following optic neuritis (ON). 24 

 Relapse of ON, occurring more frequently in the non-MS group, is not correlated with final 25 

visual outcome. 26 

 Thinning of the retinal nerve fibre layer, as visualised by optical coherence tomography (OCT), 27 

is associated with worse visual outcome. 28 

 OCT can be used alongside clinical parameters in children with RDS as an objective measure 29 

of neuroretinal loss. 30 

 31 

 32 

  33 
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Introduction  34 

Optic neuritis (ON), defined as inflammation of one or both optic nerves in association with visual 35 

dysfunction, is one of the commonest presentations of acquired CNS demyelination in childhood, with 36 

an incidence of approximately 0.2 per 100,0001. Core deficits in visual acuity (VA), colour perception 37 

and visual field are commonly accompanied by ocular pain and headache2. 60-77% of children suffer 38 

severely decreased VA (worse than logMAR 1.0 or Snellen 20/200) in the acute phase3-5.  ON may 39 

occur in isolation (idiopathic ON) or be associated with a relapsing demyelinating syndrome (RDS), 40 

such as multiple sclerosis (MS), aquaporin-4 antibody (AQP4-Ab) neuromyelitis optica spectrum 41 

disorder (NMOSD) and myelin oligodendrocyte glycoprotein (MOG) Ab-associated disease. Frequent 42 

involvement of the optic nerve in RDS may be due to the more permeable blood-brain barrier at the 43 

optic nerve compared to other CNS sites6.  44 

 45 

Optical coherence tomography (OCT) and electrodiagnostic tests can be useful paraclinical parameters 46 

in patients with optic neuritis7. OCT may detect structural retinal changes, such as retinal nerve fibre 47 

layer (RNFL) and ganglion cell layer thinning, and the development of microcystic macular oedema and 48 

retinal damage. OCT may help to differentiate between MS and NMOSD, with more severe retinal 49 

damage and hence greater RNFL thinning detected following optic neuritis in patients with AQP4-Ab 50 

NMOSD8. Studies carried out in adult cohorts have shown that RNFL thickness is reduced in both ON 51 

and non-ON eyes compared to healthy controls9, and predicts visual function after ON10, and disease 52 

activity11 and disability12 in MS. 53 

 54 

Electrodiagnostic tests, particularly visual evoked potentials (VEP), may reveal loss of functional 55 

integrity in the optic pathway due to demyelination. VEP is a distinct measure of visual function from 56 

high-contrast VA (HCVA) and the two can be discrepant, especially in cases of optic atrophy. VEP 57 

correlates with other measures of visual function, such as contrast sensitivity and low contrast letter 58 

acuity. VEP can also be used to identify clinically silent ON13: a recent study of 24 patients with 59 

paediatric-onset MS detected prolonged VEP latency in 58% of ON eyes, but also in 55% of non-ON 60 

eyes, highlighting that subclinical involvement of the optic nerve is common in children with MS14. The 61 

prognostic value of both OCT and VEP in predicting future ON relapse and long-term visual outcome in 62 

children with RDS is yet to be evaluated.  63 

 64 

Full recovery of HCVA occurs in the majority of children presenting with ON2, 15, but subtle deficits may 65 

persist, particularly in low contrast and colour vision2. Furthermore, in a subset of patients with AQP4-66 

Ab positive NMOSD and MOG-Ab-associated disease, frequent attacks are often associated with 67 

accumulating damage and functional impairment of vision, with severe impairment (functional 68 

blindness) in 18%16 and 36%17 of patients respectively. In adults, high-dose corticosteroid treatment 69 

hastens the recovery from acute ON18, but does not influence final visual outcome or the risk of 70 
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subsequent MS19. Encouraging results from randomized-controlled trials of phenytoin20 and 71 

erythropoietin21 in ON suggest that neuroprotective agents, besides immunotherapy, may be of utility in 72 

acute demyelination and OCT may be used to provide outcome measures to test the efficacy of 73 

medications. 74 

 75 

The aims of this study were to (1) test whether clinical, electrophysiological and microstructural 76 

parameters differ in MS-ON and Ab-ON; (2) identify the clinical and paraclinical characteristics of 77 

children suffering worse long-term visual outcome of RDS-ON; and (3) explore the relationship between 78 

RNFL thickness and clinical parameters in RDS-ON. 79 

 80 

Patients and methods 81 

Participants  82 

Children presented to three UK & Ireland Childhood CNS Inflammatory Demyelination Working Group 83 

(UK-CID) centres: Great Ormond Street Hospital, Evelina London Children’s Hospital, and Birmingham 84 

Children’s Hospital. The diagnosis of RDS was defined as two or more episodes of acquired CNS 85 

demyelination lasting >24 hours, involving the optic nerve, brain or spinal cord, associated with T2 86 

lesions on MRI. In this retrospective study, we included children with history of at least one episode of 87 

ON and the following RDS diagnoses: MS, AQP4-Ab NMOSD and MOG-Ab-associated demyelination. 88 

Patients with antibody-negative RDS were excluded. A diagnosis of ON was confirmed by an 89 

experienced neuro-ophthalmologist on the basis of history of reduced HCVA, red desaturation, pain with 90 

ocular movement, and/or visual field defect. Complete visual recovery was defined by normal HCVA, 91 

normal colour vision and normal visual fields.   92 

 93 

All investigations were undertaken as part of the routine diagnostic protocols of participating centres. 94 

MR imaging of the brain and spinal cord was undertaken in all cases. Within 1 month of an acute 95 

demyelination event, clinically symptomatic children underwent testing for serum AQP4-Ab and MOG-96 

Ab (not CSF), as part of routine assessments of children with demyelinating diseases, performed at the 97 

Clinical Neuroimmunology service at the Oxford Radcliffe Hospital Trust, using live cell-based assays22, 98 

23.  99 

 100 

Assessments of visual function were carried out by ophthalmology departments at the three centres, 101 

including HCVA measured by the logarithm of the minimum angle of resolution (logMAR) and colour 102 

vision measured by Ishihara plates. Electrodiagnostic tests (EDT) methods for children have been 103 

described previously24. In brief, monocular VEPs were recorded from Oz referred to a mid-frontal 104 

electrode according to International Society for Clinical Electrophysiology of Vision (ISCEV) standards25 105 

and were acquired and analysed using a Espion E3 system (Diagnosys LLC, Cambridge UK). Pattern 106 

reversal and onset VEPs were produced by high contrast, black and white checks ranging in side length 107 
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from 400’, 200’,100’, 50’, 25’,12.5’ and 6.25’, presented in a 30 degree stimulus field. Flash VEPs were 108 

produced in response to flash strength 4 from a hand held Grass strobe presented at 30cm from the 109 

patient. OCT was performed using the SPECTRALIS® system (Heidelberg Engineering Ltd. 110 

Hertfordshire, UK). The mean RNFL thickness was calculated across the inferior, superior, nasal and 111 

temporal segments. 112 

 113 

Standard Protocol Approvals, Registrations, and Patient Consents 114 

This study was approved by Great Ormond Street Hospital Research and Development Department 115 

(reference: 16NC10).  116 

 117 

Statistical analysis 118 

Statistical analysis was performed using commercially available software GraphPad Prism 6 (GraphPad 119 

Software Inc) and R 3.3.2. As the AQP4-ON group comprised only four children, MOG-ON and AQP4-120 

ON were combined together as antibody-associated ON (Ab-ON) for statistical analysis. To compare 121 

variables between MS-ON to Ab-ON, non-parametric statistical tests (Mann-Whitney tests) were used 122 

for continuous distributions, and Fisher’s exact tests for nominal data. We explored the association 123 

between RNFL thickness and clinical parameters in all patients together using Spearman’s rank 124 

correlation coefficient. Owing to the limited sample sizes, p-values were used sparingly, using an 125 

arbitrary level of 5% significance (two-tailed). 126 

 127 

Results  128 

Baseline characteristics and clinical features at presentation with ON 129 

A total of 42 children (all under the age of 18 years) with a history of at least one episode of ON were 130 

identified. 22 patients had MS and 20 had Ab-positive ON (AQP4-Ab positive NMOSD = 4, MOG-Ab-131 

associated disease = 16). Demographics and clinical features at onset of ON are summarised in Table 132 

1. 20/42 (48%) children suffered severe visual impairment during the acute episode (logMAR >= 1.0, i.e. 133 

20/200 or worse). The main differences between MS-ON and Ab-ON disease were older age at 134 

presentation in MS-ON (13 years MS-ON vs 8 years Ab-ON, p<0.0001), and more frequent finding of 135 

abnormal MRI brain in MS-ON than Ab-ON (21/22 (95%) MS-ON vs 2/20 (10%) Ab-ON (p<0.0001) 136 

(Table 1).  137 

 138 

Clinical outcomes 139 

Median length of follow up from first clinical presentation was 4 years (IQR 3-7). Clinical parameters at 140 

final follow up are summarised in Table 2a. Recurrence of ON was more common in the Ab-ON group 141 

compared to the MS-ON group (15/20 (75%) Ab-ON vs 7/22 (32%) MS-ON, p=0.0068); in particular, 142 

13/16 (81%) MOG-Ab positive patients had recurrent ON. The total number of ON relapses was also 143 
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higher in Ab-ON children (median 1, range 0-10) compared to MS-ON (median 0, range 0-6) (p=0.029) 144 

(Figure 1a). 145 

 146 

By the end of follow up, 71/84 (85%) eyes had been affected by clinically apparent episodes of optic 147 

neuritis; of these 63/71 (89%) had ophthalmology follow up assessments, at a median interval of 2.1 148 

years (range 0.4-10.3). Median logMAR in eyes with a history of ON at final follow up was 0.02 (IQR 149 

0.00-0.18) (Figure 1b). 12/42 (29%) children had persisting impairment of colour vision, defined as >1 150 

error on Ishihara plate testing. Overall a complete functional recovery of vision occurred in 25/42 (60%) 151 

children; 8/38 (21%) had at least moderately impaired vision (logMAR>0.5) in their worst eye, including 152 

4/38 (11%) who were blind (logMAR>1.3) in their worst eye. Children with AQP4-Ab were more likely to 153 

be blind in at least one eye than AQP4-Ab negative children (2/4 vs 2/34, p=0.043); none of the children 154 

with MOG-Ab were blind. 155 

 156 

Electrophysiological outcomes 157 

Electrodiagnostic tests (EDT), including VEP, were carried out in 24/42 children (57%); three were 158 

excluded as they were carried out during the acute phase of ON, leaving 21/42 children (50%) with EDT 159 

included in the study, performed at median 1.68 years interval after first presentation with ON (range 160 

0.2-8.4). VEP was abnormal in 22/33 (67%) eyes with a clinical history of ON and 2/9 (22%) eyes 161 

without a history of ON. Electrophysiological parameters are summarised in Table 2a. 162 

 163 

Microstructural outcomes 164 

OCT was carried out in 31/42 (74%) children. Assessments were performed outside the acute phase of 165 

ON at a median 1.81 years interval after first presentation with ON (range 0.2-10.3). Retinal 166 

microstructural parameters are summarised in Table 2a. Abnormal RNFL thinning in >=1 segment was 167 

observed in 33/51 (64.7%) eyes with a history of ON and 1/11 (9%) eyes without a history of ON. 168 

Median RNFL thickness in ON eyes (averaged across all four segments) was 76μm (IQR 65.3-84μm) 169 

versus 100.8μm (IQR 89.3-107μm) in non-ON eyes (p=0.0002) (Table  2a). Serial OCT was performed 170 

in 9/31 (29%) cases (5 MOG-Ab, 4 MS) (Table 2b). The mean decline in RNFL (over a median interval 171 

of 1.88 years, range 0.31-3.48) was 2.06μm (±6.02 μm SD) (p=0.17, paired t test). 172 

 173 

The Ab-ON group had a higher rate of optic nerve atrophy as determined by disc pallor compared to the 174 

MS-ON group (17/20 vs 12/22, p=0.047).  175 

 176 

Correlation between RNFL thickness, number of relapses and final visual outcome 177 

Among ON eyes there was an inverse correlation between mean RNFL thickness and visual impairment 178 

(logMAR) (r=-0.41, p=0.0081) (Figure 2b). There was no significant relationship between number of ON 179 
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episodes and mean RNFL (r=-0.18, p=0.3), nor any significant relationship between number of ON 180 

episdes and visual impairment (r=0.03, p=0.8). 181 

 182 

Discussion  183 

In this large cohort of children with RDS and ON, 48% of children had a non-MS phenotype; ON 184 

occurred more frequently in the antibody-mediated group compared to those with MS. Clinical 185 

characteristics at ON presentation such as pain, bilateral involvement and severity of acute visual loss 186 

did not differ between groups, and were similar to a historical cohort from the same three tertiary 187 

centres, comprising children with monophasic, idiopathic ON3. Although lacking statistical significance 188 

due to small numbers of patients with AQP4-Ab NMOSD, it is notable that 75% of AQP4-ON presented 189 

with bilateral involvement (compared to 36% of MS-ON), and 75% of AQP4-ON caused severe visual 190 

loss at nadir (compared to 45% of MS-ON). Interestingly, relapses of ON occurred more frequently in 191 

children with antibody-mediated disease, inkeeping with recent reports in adults in which patients with 192 

MOG-Ab were more likely to have multiple ON relapses17, 26. Nevertheless, complete visual recovery 193 

occurred in 56% of children with MOG-Ab in our cohort, and none were registered blind. HCVA at final 194 

follow up did not differ significantly between groups, although it is notable that children with AQP4-Ab 195 

NMOSD suffered worse visual recovery even after a single episode of ON, with 4 of the 7 worst eyes in 196 

the study belonging to patients with AQP4-Ab NMOSD, and 2/4 (50%) AQP4-ON patients registered 197 

blind at final follow up. We did not identify any significant decline in RNFL over time in those undergoing 198 

serial OCT, suggesting a severe first attack of ON may be the more important determinant of 199 

microstructural damage in RDS than subsequent relapses.    200 

 201 

A key finding in this study was the absence of any correlation between number of relapses and visual 202 

outcome, alongside a significant correlation between RNFL thinning and worse visual outcome. We 203 

detected RNFL thinning on OCT in 56% of MS-ON eyes and 75% of Ab-ON eyes, similar to a recent 204 

study identifying RNFL thinning in 50% of children with MS and a history of ON14. OCT offers an 205 

opportunity to monitor disease activity and progression non-invasively; in adults with MS, RNFL thinning 206 

is a sensitive and specific predictor of clinical disease activity, independent of lesion accumulation on 207 

MRI brain27. However it is not yet part of routine clinical practice across all paediatric centers, and 208 

robust control data in healthy children remains limited, as is standardization of RNFL measurements, 209 

particularly in the acute phase of ON when swelling may complicate some automated RNFL measures. 210 

In this cohort RNFL did not differ significantly between groups, but RNFL thinning was associated with 211 

poorer visual outcome, in keeping with a previous study of paediatric RDS (Yeh et al Multiple Sclerosis 212 

2009; 15: 802-810). In that study, which included children without any clinical episodes of ON, RNFL 213 

thinning was found to differ by number of ON episodes in the group analysis; in the present study, in 214 

which all children had >=1 clinical episode of ON, the lack of correlation observed between relapse rate 215 

and final visual outcome suggests that RNFL thinning (indicating pre-existing ganglion cell fibre loss) 216 
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may be a more sensitive parameter for monitoring disease activity and prompting treatment escalation 217 

than the relapse rate, in children with a clinical history of ON.  218 

 219 

Our finding of clinically-silent disease by EDT – i.e. abnormal VEP in “non-ON” eyes – is consistent with 220 

previous reports13, 14 and provides further support to the recent MAGNIMS recommendation that the 221 

inclusion of optic nerve disease identified clinically, radiologically or electrophysiologically would 222 

increase the sensitivity of dissemination-in-space criteria for MS28. There was a low rate of VEP 223 

normalisation in ON eyes across all groups, even in those with recovered HCVA; the time course of 224 

remyelination after ON has yet to be fully elucidated. Longitudinal analysis may be more informative in 225 

understanding the disease pathobiologies in the different groups.  226 

 227 

A major limitation of our study is its retrospective nature, with inconsistent visual assessments, which 228 

were performed clinically and not as part of a research protocol. Low-contrast VA and symbol digit 229 

modalities were not routinely assessed at follow up and it is possible that some subtle functional 230 

impairment may have been missed29. The paucity of normative paediatric OCT data, especially 231 

longitudinally, should also be acknowledged. Additionally, our study design and the small numbers are 232 

not optimal for evaluation of treatment effect. Using electrodiagnostic tests we detected clinically silent 233 

disease in a proportion of children with MS, but not in antibody mediated ON, highlighting the need for 234 

further prospective studies with standardised longitudinal analysis of microstructural and 235 

electrophysiological parameters to increase our understanding of the disease pathobiologies.  236 

Nevertheless, this study shows that overall clinical relapse of ON does not adversely affect visual 237 

outcome in most children. As OCT correlates with final visual outcome, it may offer clinical utility as a 238 

tool in the assessment of children with ON; as an objective measure of neuroretinal loss in RDS; and as 239 

a surrogate endpoint to evaluate the benefit of neuroprotective agents. 240 

 241 
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 245 

 246 

Figure legend  247 

Figure 1:  Clinical outcome of patients with optic neuritis. (A) Total number of ON relapses at final-248 

follow up (median follow-up time 4 years) in Ab-ON and MS-ON cases. (B) High contrast visual acuity at 249 

final follow up in Ab-ON and MS-ON eyes. AQP4-Ab (square), MOG-Ab (circle), MS (triangle).         250 

 251 
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Figure 2: Correlation of retinal nerve fibre layer thickness (RNFL) with clinical parameters.  (A) total 252 

number of clinical relapses (B) Correlation between mean RNFL thickness and visual impairment in ON 253 

eyes.  254 

 255 

 256 
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Table 1: Demographics and clinical features at initial presentation with ON 

 AQP4-Ab 

positive 

NMOSD 

(n=4) 

MOG-Ab 

associated 

disease 

(n=16) 

Ab-ON 

including 

AQP4-Ab 

and MOG-

Ab cases) 

(n=20) 

MS-ON 

(n=22) 

p-value* 

Age at ON onset in 

years; median (IQR) 

8.5 (5.25-

12.25) 

8 (6.75-

9.25) 

8 (6-10.25) 13 (11.75-

14) 

<0.0001 

Sex (F:M, % female) 3:1 (75%) 9:7 (56%) 12:8 (60%) 14:8 (64%) 1.0 

Ethnicity, Caucasian (%) 1/4 (25%) 10/16 

(63%) 

11/20 (55%) 6/22 (27%)  0.1 

History of previous CNS 

demyelinating events (%) 

2/4 (50%) 5/16 (31%) 7/20 (35%) 5/22 (23%) 0.5 

Total number of previous 

CNS demyelinating 

events; median (range) 

0.5 (0-1) 0 (0-2) 0 (0-2) 0 (0-4) 1.0 

Painful ON  1/4 (25%) 9/16  

(56%) 

10/20 (50%) 10/22 

(45%) 

1.0 

Bilateral ON 3/4 (75%) 9/16 (56%) 12/20 (60%) 8/22 (36%) 0.2 

Several visual 

impairment at nadir 

(logMAR >= 1.0)  

3/4 (75%) 7/16  

(44%) 

10/20 (50%) 10/22 

(45%) 

1.0 

Abnormal MRI brain 1/4 (25%) 1/16 (6%) 2/20 (10%) 21/22 

(95%) 

<0.0001 

 

 
Table 2a: Clinical, microstructural and electrophysiological outcomes  

 AQP4-Ab 

positive 

NMOSD 

(n=4) 

MOG-Ab-

associated 

disease (n=16) 

Ab-ON 

(including 

AQP4-Ab 

and MOG-

Ab cases) 

(n=20) 

MS-ON 

(n=22) 

p-value* 

Recurrence of ON (%) 2 (50%) 13 (81%) 15 (75%) 7 (32%) 0.0068 

Total number of ON 

relapses; median (range) 

0.5 (0-4) 1 (0-10)  1 (0-10) 0 (0-6) 0.029 

Disc pallor when? 

Baseline?(%) 

4 (100%) 13 (81%) 17 (85%) 12(55%) 0.047 

Impaired colour vision in 

worst affected eye 

(Ishihara <17/17) (%) 

1 (25%) 3 (19%) 4 (20%) 4 (18%) 1 

High contrast visual acuity 

in worst affected eye, 

logMAR; median (IQR) 

1.1 (0-2.2) 0.1 (0.02-0.11) 0.1 (0-0.21) 0 (0-0.23) 0.3 

Complete functional 

recovery in both eyes (%) 

2 (50%) 9 (56%) 11 (55%) 14 (64%) 0.8 
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At least moderately 

impaired vision 

(logMAR>0.5) in worst eye 

(%) 

2 (50%) 2 (13%) 4 (20%) 4 (18%) 1 

Blind (logMAR>1.3) in 

worst eye (%) 

2 (50%) 0 (0%) 2 (10%) 2 (9%) 1 

ON eyes n=8 n=29 n=37 n=34 n/a 

High contrast visual 

acuity, logMAR; 

median (IQR) 

0.5 (0-1.81) 0.06 (0-0.1) 0.06 (0-0.21) 0.01 (0-0.17) 0.3  

Abnormal RNFL 

thinning (%) 

4/4 (100%) 14/20 (70%) 18/24 (75%) 15/27 (56%) 0.24 

Mean RNFL thickness, 

μm; median (IQR) 

- 73 (54.1-84.2) 73 (54.1-

84.2) 

78 (68.8-

85.6) 

0.3 

Inferior RNFL 

thickness, μm; median 

(IQR) 

- 99 (63-112.2) 99 (63-

112.2) 

99 (85.5-

110.5) 

0.44 

Superior RNFL 

thickness, μm; median 

(IQR) 

- 94.5 (73-

108.3) 

94.5 (73-

108.3) 

100 (91.5-

109.5) 

0.21 

Nasal RNFL thickness, 

μm; median (IQR) 

- 50 (42.3-64.3) 50 (42.3-

64.3) 

56 (50-63) 0.28 

Temporal RNFL 

thickness, μm; median 

(IQR) 

- 45.5 (39-50.8) 45.5 (39-

50.8) 

48 (37.5-60) 0.45 

Abnormal VEP (%) 2/2 (100%) 7/13 (54%) 9/15 (60%) 13/18 (72%) 0.7 

Non-ON eyes n=0 n=3 n=3 n=10 n/a 

High contrast visual 

acuity, logMAR; 

median (IQR) 

- 0 (0-0.01) 0 (0-0.01) 0 (0-0) n/a 

Abnormal RNFL 

thinning (%) 

- 0/2 (0%) 0/2 (0%) 1/9 (11%) 1 

Mean RNFL thickness, 

μm; median (IQR) 

- 110.9 (110.8-

110.9) 

110.9 

(110.8-

110.9) 

95.5 (87.4-

100.9) 

n/a 

Inferior RNFL 

thickness, μm; median 

(IQR) 

- 153 (145-161) 153 (145-

161) 

119 (107-

127.5) 

n/a 

Superior RNFL 

thickness, μm; median 

(IQR) 

- 133.5 (125.3-

141.8) 

133.5 

(125.3-

141.8) 

127 (115-

132) 

n/a 

Nasal RNFL thickness, 

μm; median (IQR) 

- 84.5 (83.8-

85.2) 

84.5 (83.8-

85.2) 

75 (63-77) n/a 

Temporal RNFL 

thickness, μm; median 

(IQR) 

- 72.5 (71.8-

73.3) 

72.5 (71.8-

73.3) 

67 (60.5-68) n/a 

Abnormal VEP (%) - 1/3 (33%) 1/3 (33%) 1/6 (17%) 1 
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Table 2b: Serial optical coherence tomography 
 

 MOG-Ab-

associated 

disease (n=5) 

MS-ON 

(n=4) 

 

p-value* 

ON eyes n=9 n=6 n/a 

Abnormal RNFL 

thinning (%) 

9/9 (100%) 4/6 (67%) 0.15 

Mean RNFL thickness, 

μm; median (IQR) 

65.3 (47.5-

70.8) 

76.8 (59.6-

83.4) 

0.14 

Change in mean RNFL 

thickness from 

baseline, μm; mean 

(±SD) 

-4.4 (±6.9) -0.83 (±3)  

Non-ON eyes n=1 n=2 n/a 

Abnormal RNFL 

thinning (%) 

0/1 (0%) 1/2 (50%) n/a 

Mean RNFL thickness, 

μm; median (IQR) 

119.3 90.3 (88.5-

92) 

n/a 

Change in mean RNFL 

thickness from 

baseline, μm; mean 

(±SD) 

8.5 -0.3 (±2.1) n/a 



 13 

 

 

 

 

 

 

 



 14 

References  

1. Banwell B, Kennedy J, Sadovnick D, et al. Incidence of acquired 

demyelination of the CNS in Canadian children. Neurology 2009;72:232-239. 

2. Yeh EA, Graves JS, Benson LA, Wassmer E, Waldman A. Pediatric optic 

neuritis. Neurology 2016;87:S53-58. 

3. Absoud M, Cummins C, Desai N, et al. Childhood optic neuritis clinical 

features and outcome. Arch Dis Child 2011;96:860-862. 

4. Wilejto M, Shroff M, Buncic JR, Kennedy J, Goia C, Banwell B. The clinical 

features, MRI findings, and outcome of optic neuritis in children. Neurology 

2006;67:258-262. 

5. Bonhomme GR, Waldman AT, Balcer LJ, et al. Pediatric optic neuritis: brain 

MRI abnormalities and risk of multiple sclerosis. Neurology 2009;72:881-885. 

6. Hofman P, Hoyng P, vanderWerf F, Vrensen GF, Schlingemann RO. Lack of 

blood-brain barrier properties in microvessels of the prelaminar optic nerve head. 

Invest Ophthalmol Vis Sci 2001;42:895-901. 

7. Heussinger N, Kontopantelis E, Rompel O, Paulides M, Trollmann R. 

Predicting multiple sclerosis following isolated optic neuritis in children. Eur J Neurol 

2013;20:1292-1296. 

8. Bennett JL, de Seze J, Lana-Peixoto M, et al. Neuromyelitis optica and 

multiple sclerosis: Seeing differences through optical coherence tomography. Mult 

Scler 2015;21:678-688. 

9. Pulicken M, Gordon-Lipkin E, Balcer LJ, Frohman E, Cutter G, Calabresi PA. 

Optical coherence tomography and disease subtype in multiple sclerosis. Neurology 

2007;69:2085-2092. 

10. Costello F, Coupland S, Hodge W, et al. Quantifying axonal loss after optic 

neuritis with optical coherence tomography. Ann Neurol 2006;59:963-969. 

11. Sepulcre J, Murie-Fernandez M, Salinas-Alaman A, Garcia-Layana A, 

Bejarano B, Villoslada P. Diagnostic accuracy of retinal abnormalities in predicting 

disease activity in MS. Neurology 2007;68:1488-1494. 

12. Martinez-Lapiscina EH, Arnow S, Wilson JA, et al. Retinal thickness 

measured with optical coherence tomography and risk of disability worsening in 

multiple sclerosis: a cohort study. Lancet Neurol 2016;15:574-584. 

13. Pohl D, Rostasy K, Treiber-Held S, Brockmann K, Gartner J, Hanefeld F. 

Pediatric multiple sclerosis: detection of clinically silent lesions by multimodal 

evoked potentials. J Pediatr 2006;149:125-127. 

14. Waldman AT, Liu GT, Lavery AM, et al. Optical coherence tomography and 

visual evoked potentials in pediatric MS. Neurol Neuroimmunol Neuroinflamm 

2017;4:e356. 

15. Malik MT, Healy BC, Benson LA, et al. Factors associated with recovery 

from acute optic neuritis in patients with multiple sclerosis. Neurology 2014;82:2173-

2179. 

16. Kitley J, Leite MI, Nakashima I, et al. Prognostic factors and disease course in 

aquaporin-4 antibody-positive patients with neuromyelitis optica spectrum disorder 

from the United Kingdom and Japan. Brain 2012;135:1834-1849. 

17. Pache F, Zimmermann H, Mikolajczak J, et al. MOG-IgG in NMO and related 

disorders: a multicenter study of 50 patients. Part 4: Afferent visual system damage 

after optic neuritis in MOG-IgG-seropositive versus AQP4-IgG-seropositive patients. 

J Neuroinflammation 2016;13:282. 

18. Beck RW. Corticosteroid treatment of optic neuritis: a need to change 

treatment practices. The Optic Neuritis Study Group. Neurology 1992;42:1133-1135. 



 15 

19. Optic Neuritis Study G. Multiple sclerosis risk after optic neuritis: final optic 

neuritis treatment trial follow-up. Arch Neurol 2008;65:727-732. 

20. Raftopoulos R, Hickman SJ, Toosy A, et al. Phenytoin for neuroprotection in 

patients with acute optic neuritis: a randomised, placebo-controlled, phase 2 trial. 

Lancet Neurol 2016;15:259-269. 

21. Suhs KW, Hein K, Sattler MB, et al. A randomized, double-blind, phase 2 

study of erythropoietin in optic neuritis. Ann Neurol 2012;72:199-210. 

22. Waters P, Woodhall M, O'Connor KC, et al. MOG cell-based assay detects 

non-MS patients with inflammatory neurologic disease. Neurol Neuroimmunol 

Neuroinflamm 2015;2:e89. 

23. Waters PJ, McKeon A, Leite MI, et al. Serologic diagnosis of NMO: a 

multicenter comparison of aquaporin-4-IgG assays. Neurology 2012;78:665-671; 

discussion 669. 

24. Lambert SR, Lyons CJ. Taylor and Hoyt's pediatric ophthalmology and 

strabismus. Available at https://www.clinicalkey.com/dura/browse/bookChapter/3-

s2.0-C20130234073. 

25. Odom JV, Bach M, Brigell M, et al. ISCEV standard for clinical visual evoked 

potentials: (2016 update). Doc Ophthalmol 2016;133:1-9. 

26. Reindl M, Jarius S, Rostasy K, Berger T. Myelin oligodendrocyte 

glycoprotein antibodies: How clinically useful are they? Curr Opin Neurol 2017. 

27. Pisa M, Guerrieri S, Di Maggio G, et al. No evidence of disease activity is 

associated with reduced rate of axonal retinal atrophy in MS. Neurology 2017. 

28. Filippi M, Rocca MA, Ciccarelli O, et al. MRI criteria for the diagnosis of 

multiple sclerosis: MAGNIMS consensus guidelines. Lancet Neurol 2016;15:292-

303. 

29. Waldman AT, Chahin S, Lavery AM, et al. Binocular low-contrast letter 

acuity and the symbol digit modalities test improve the ability of the Multiple 

Sclerosis Functional Composite to predict disease in pediatric multiple sclerosis. Mult 

Scler Relat Disord 2016;10:73-78. 

https://www.clinicalkey.com/dura/browse/bookChapter/3-s2.0-C20130234073
https://www.clinicalkey.com/dura/browse/bookChapter/3-s2.0-C20130234073


 16 

Author disclosures 

Michael Eyre, Aasim Hameed, Sukhvir Wright, Wallace Brownlee, Richard Bowman, Dorothy 

Thompson and Yael Hacohen have no disclosures. Olga Ciccarelli serves as a consultant for GE, 

Biogen Idec, and Novartis, and all the payments are made to the institution (Queen Square MS Centre, 

UCL Institute of Neurology, London, UK). Ming Lim receives research grants from Action Medical 

Research, DES society, GOSH charity, NIHR, MS Society, SPARKS charity and; receives research 

support grants from the London Clinical Research Network and Evelina Appeal; has received 

consultation fees from CSL Behring; received travel grants from Merck Serono; and awarded 

educational grants to organize meetings by Novartis, Biogen Idec, Merck Serono and Bayer, Evangeline 

Wassmer has received speaker honoraria and/or travel funding from Biogen, Teva, Genzyme, Shire, 

UCB, and Merck Serono. Cheryl Hemingway has received speaking honoraria from Biogen and 

Terumo, and an educational grant from Merck Serono, Biogen and Bayer. 

 

 


