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PEDIATRIC OPTIC NEURITIS PROSPECTIVE OUTCOMES STUDY (PON1) 14 

 15 

PROTOCOL AMENDMENT I (4-11-16) 16 

 17 

Proposed Change # 1 18 

 19 

Current Protocol 20 

A cycloplegic refraction is required at the time of enrollment for all subjects.  21 

 22 

Proposed Change 23 

If a cycloplegic refraction has been done by a pediatric ophthalmologist or pediatric optometrist 24 

prior to referral for optic neuritis within 1 month of enrollment, then that refraction can be used 25 

for testing visual acuity and does not need to be repeated. 26 

 27 

Rationale for Change 28 

Allowing a cycloplegic refraction within 1 month of enrollment better matches clinical practice 29 

and referral patterns for subjects who might be enrolled into the study.    30 

 31 

Proposed Change # 2 32 

 33 

Current Protocol 34 

At the 2-year visit, if monocular distance best-corrected visual acuity is below age norms in 35 

either eye as defined in Table 1, a cycloplegic refraction should be completed.  36 

 37 

Proposed Change 38 

To only require a cycloplegic refraction at the 2-year visit if one was not already done by a 39 

referring pediatric ophthalmologist or pediatric optometrist within 1 month.  40 

 41 

Rationale for Change 42 

Allowing a cycloplegic refraction within 1 month of the 2-year visit if monocular distance best-43 

corrected visual acuity is below age norms in either eye is acceptable to ensure an accurate visual 44 

acuity and better matches clinical practice and referral patterns for subjects who complete the 2-45 

year visit.  46 

  47 

Proposed Change # 3 48 

 49 

Current Protocol 50 

The current protocol is not clear with respect to whether collection of blood or serum for 51 

serological analysis is being done for the study and reads as follows:  52 

• Serological analysis –NMO antibody measurement by ELISA is collected in most 53 

centers. If done, the results will be entered on the case report form (CRF). In addition the 54 

study will collect serum for analysis by a lab which will be used as the definitive NMO 55 

marker by the study, as well as for other antibodies. 56 
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 57 

Proposed Change 58 

The protocol has been revised to make it clear that blood or serum will only be collected if the 59 

parent/s (and child, if old enough to provide assent) agrees to participate and is already having 60 

blood or serum collected as part of standard care.  The proposed change to the protocol is as 61 

follows:  62 

• Serological analysis – NMO antibody measurement by ELISA is collected in most 63 

centers. If done, the results will be collected.  64 

o If blood or serum has already been (or will be) collected as part of standard care, 65 

the parent/s (and child, if old enough to provide assent) will be given the option to 66 

participate in a study to measure NMO antibodies.  Participants in this optional 67 

study will have blood or serum collected for analyses as described in a separate 68 

procedures manual.  69 

 70 

Proposed Change # 4 71 

 72 

Current Protocol 73 

The protocol was not clear with respect to whether or not the MRI testing cited at the 2-year visit 74 

was done for research purposes as part of the study.  75 

 76 

Proposed Change 77 

At two years, children with optic neuritis typically will undergo another MRI of the brain and 78 

orbits with intravenous gadolinium contrast as part of standard care to evaluate if there are new 79 

white matter lesions.  The protocol has been revised to make it clear that MRI data will only be 80 

collected at the 2-year visit if an MRI was already done as part of standard care.  The protocol 81 

now reads as follows:  82 

• Data from the last MRI done since enrollment as part of standard care (or from an MRI if 83 

ordered as part of standard care at the time of the 2 year visit), will be collected and sent 84 

to the JAEB Center for analyses. 85 

 86 

Additional edits to the protocol have been made to be consistent with the above proposals.   87 

 88 

Miscellaneous Changes: 89 

 90 

The analysis chapter has been updated to be specific to primary and secondary objectives.  91 

Exploratory analyses will be described in the analysis plan.   92 
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CHAPTER 1:  BACKGROUND AND SUMMARY 154 

 155 

This study is being conducted by the Pediatric Eye Disease Investigator Group (PEDIG) with the 156 

cooperation of the Neuro-Ophthalmology Research Disease Investigator Consortium (NORDIC) 157 

and is funded through a cooperative agreement between the National Eye Institute and PEDIG.   158 

 159 

1.1 Background 160 

A literature review for the background was conducted via a Medline search using the PubMed 161 

database (National Library of Medicine) through 2015. A combination of key words including: 162 

optic neuritis, pediatric optic neuritis, multiple sclerosis, neuroretinitis, clinically isolated 163 

syndrome, neuromyelitis optica, and acute disseminated encephalomyelitis were used and cross-164 

referenced with various key words to retrieve specific articles. The search was confined to 165 

articles written in English and other-language publications with an English abstract. Cross 166 

references cited in the reference list of the major retrieved articles, as well as from the PubMed 167 

link “related articles,” were also reviewed.   168 

 169 

Optic neuritis (ON) is an acute inflammatory disease of the optic nerve.1 It can be the initial 170 

manifestation of multiple sclerosis (MS) in children and adults.  Patients develop vision loss, 171 

pain with eye movements, dyschromatopsia, and visual field defects.2      172 

 173 

The pathogenesis of pediatric optic neuritis (PON) is not well understood.  Our understanding 174 

about causation, natural history of PON, response to therapy, and prognosis is primarily based on 175 

case reports and case series, in addition to extrapolation from adult data.3-7 In the 1950s, 176 

corticosteroids were used first to treat demyelinating diseases including optic neuritis and MS.  177 

Corticosteroids have become the mainstay of treatment for acute optic neuritis despite a lack of 178 

proven long-term efficacy and well-documented side effects. In adults, the Optic Neuritis 179 

Treatment Trial (ONTT) has informed the evaluation, treatment, and outcome of demyelinating 180 

diseases in adults.8  The ONTT was designed to evaluate whether corticosteroids were effective 181 

as a treatment for optic neuritis in adults (ages 18-46 years).9 The primary outcome measures 182 

were visual fields and contrast sensitivity at 6 months; secondary outcomes included visual 183 

acuity and color vision.10 The study showed that the administration of intravenous corticosteroids 184 

hastens visual recovery in adults but did not affect the long-term visual or neurologic 185 

prognosis.11-13 Furthermore, in the ONTT initial treatment with oral corticosteroids was 186 

associated with an increased risk of relapse; however, the relation between treatment and risk of 187 

relapse remains unclear.14   Moreover, intravenous corticosteroids did not prevent optic nerve 188 

atrophy15 and may be harmful.16 Importantly, the ONTT did not include any pediatric patients 189 

and therefore is not generalizable to the pediatric population. 190 

 191 

There are differences between adult and pediatric optic neuritis that may impact visual recovery 192 

and development of MS.  First, children often present with a poorer visual acuity than adults.  193 

Children are more likely to present with bilateral involvement than adults. In addition, a greater 194 

percentage of children present with visible optic disc swelling than adults.  This finding was 195 

found to be protective in adults with ON.  A recent meta-analysis of cases involving children 196 

with ON revealed that the risk of MS was higher in children who were older and in those who 197 

presented with white matter lesions on magnetic resonance imaging (MRI).17 However, this 198 

meta-analysis could not draw definitive conclusions regarding the natural history of the disease 199 

or provide evidence that treatment was beneficial since it was a retrospective review of multiple 200 

studies with varying treatment protocols and patient populations. 201 

 202 
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Despite the lack of evidence of long-term efficacy and the potential for adverse reactions even 203 

with short-term therapy, most pediatric neuro-ophthalmologists and neurologists prescribe a 204 

short course of intravenous corticosteroids as a treatment for acute PON.  However, no 205 

prospective study or randomized controlled trial has been performed to guide the management of 206 

children with ON.  In a recent survey, 86% of physicians felt that not all acute attacks of central 207 

nervous system (CNS) demyelinating disease require treatment.18 Furthermore a survey 208 

involving a hypothetical treatment trial of PON revealed that 98% of the 49 eye professionals 209 

queried would enroll their patients into such a trial,19 thereby demonstrating the need for an 210 

evidence basis for care of PON.  211 

 212 

In order to resolve the controversy concerning the benefit of corticosteroids for PON and to 213 

establish appropriate treatment guidelines, a randomized, placebo-controlled trial of the effects 214 

of corticosteroids in pediatric participants with acute optic neuritis – a Pediatric Optic Neuritis 215 

Treatment Trial (PONTT) - is needed. Clinical trials often have difficulty with enrollment and 216 

the incidence of PON is low. Therefore, we propose a pilot study with two primary aims: to 217 

determine the feasibility of a PONTT and to test study procedures.  A secondary aim is to 218 

prospectively study a large group of children with optic neuritis which will provide data to guide 219 

patients and physicians with regard to treatment trends, prognosis, and associated diseases. These 220 

data will be far more robust than the few retrospective studies reported to date.  221 

 222 

This pilot study includes two years of enrollment in a prospective data collection including 223 

PEDIG and NORDIC investigators to assess the ability to enroll sufficient patients for a future 224 

RCT and to evaluate clinical outcomes in this population. Outcome measures will be visual 225 

acuity (low and high contrast) and optical coherence tomography (OCT) of the retinal nerve fiber 226 

layer (RNFL). Treatment decisions will be at investigator discretion.  The primary outcome is 227 

visual acuity at 6 months. Secondary aims will be to characterize optic neuritis in a large 228 

multicenter cohort of children and to assess the risk of development of MS at two years.  229 

 230 

1.2 Study Objective and Specific Aims  231 

Primary Aims:  232 

1. To determine our investigators’ ability to enroll children with PON into a research protocol.   233 

2. To develop estimates of visual acuity outcomes in children with PON 6 months following 234 

enrollment. 235 

   236 

Secondary Aims:  237 

1. To describe visual acuity outcomes at 1 month, 1 year, and 2 years after enrollment. 238 

2. To estimate the risk of an acute optic neuritis recurrence in the same eye at two years after 239 

enrollment. 240 

3. To estimate the risk of developing acute PON in the fellow eye at two years after enrollment 241 

for children with unilateral PON at presentation. 242 

4. To estimate the risk of diagnosis of MS 2 years after enrollment. 243 

5. To characterize PON including prevalence of white matter lesions on MRI and neuromyelitis 244 

optica (NMO) antibodies at enrollment. 245 

6. To determine retinal nerve fiber thickness and ganglion cell layer thickness - using spectral 246 

domain OCT at 1 month, 6 months, 1 year and 2 years after enrollment. 247 

7. To collect MRIs for future analyses. 248 

8. To assess quality of life (QOL) outcomes using current pediatric instruments at 6 months. 249 

9. To describe low contrast visual acuity outcomes at 6 months, 1 year and 2 years after 250 

enrollment. 251 

 252 
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The study will enroll children and teenagers 3 to <16 years of age who present with unilateral or 253 

bilateral optic neuritis over a 2-year enrollment period, or until 100 children are enrolled, 254 

whichever comes first.  255 

 256 

1.3 Synopsis of Study Protocol 257 

Children and teenagers (3 to <16 years of age at the time of enrollment) who present within two 258 

weeks of onset of unilateral or bilateral optic neuritis will be invited to participate.  259 

 260 

Written informed consent will be obtained from the parent or guardian and a child assent form 261 

where required.  After consent, study-specified visual function measurements are made including 262 

low contrast visual acuity and visual acuity measurements using the amblyopia treatment study 263 

protocol specific for age (ATS-HOTV for <7 years of age, E-ETDRS for >7 years) using 264 

cycloplegic refraction in trial frames if current refractive correction is not optimal or not 265 

available.20, 21 If these tests are standard care for the clinic and thus collected as part of the 266 

patient’s normal evaluation, they do not need to be repeated after the consent. If a cycloplegic 267 

refraction has been done by a pediatric ophthalmologist or pediatric optometrist prior to referral 268 

for optic neuritis within the past 1 month, then that refraction can be used for testing visual 269 

acuity and does not need to be repeated. 270 

 271 

Quality of Life (QoL) surveys (EyeQ, PedsQL)22, 23 will be administered at the 6-month follow-272 

up visit. Spectral domain optical coherence tomography (OCT) data will be collected when 273 

performed as part of usual care.   274 

 275 

Participants will be enrolled if there is a clinical diagnosis of optic neuritis based on diminished 276 

visual acuity, abnormal visual field, abnormal color vision, a relative afferent pupillary defect, or 277 

optic disk edema. Children with optic neuritis typically undergo MRI of the brain and orbits with 278 

intravenous gadolinium contrast as part of standard care. The cohort of primary interest will have 279 

optic nerve enhancement on fat suppression or abnormal signal on short tau inversion recovery 280 

(STIR) imaging. Children without evidence of optic nerve enhancement ipsilateral to the visual 281 

loss on MRI may have been enrolled prior to MRI completion, and will be followed but analyzed 282 

separately.  283 

 284 

The treatment of participants is not determined by the protocol, but rather will be determined by 285 

the managing physicians. Participants will be asked to return after enrollment for follow-up visits 286 

at 1-month (+/-1 week), 6-months (+/- 2 weeks), 1-year (+/- 1 month) and 2-years (+/- 2 months) 287 

following enrollment, which is consistent with standard care.  Testing at follow-up visits will 288 

include Electronic Visual Acuity (EVA) visual acuity, low contrast visual acuity (2.5%) on the 289 

EVA test platform, and quality of life questionnaires (6 months only). OCT testing is not 290 

required for enrollment but may be performed as standard care at follow up visits when indicated 291 

and available.292 
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CHAPTER 2:  SUBJECT ENROLLMENT 293 

 294 

2.1 Eligibility Assessment and Informed Consent/Assent 295 

A child is considered for the study after undergoing a routine eye examination (by a study 296 

investigator as part of standard care) that identifies optic neuritis in at least one eye appearing to 297 

meet the eligibility criteria. The study will be discussed with the child’s parent(s) or guardian(s) 298 

(referred to subsequently as parent(s)). Parent(s) who express an interest in the study will be 299 

given a copy of the informed consent form to read. An assent will be obtained from children 300 

according to IRB requirements.  Written informed consent / assent must be obtained from a 301 

parent and child prior to performing any study-specific procedures that are not part of the 302 

participant’s routine care. 303 

 304 

2.2 Eligibility and Exclusion Criteria 305 

2.2.1 Eligibility 306 

Children who present with unilateral or bilateral optic neuritis will be eligible for the study if 307 

they meet each of the following criteria: 308 

 309 

1. 3 to < 16 years of age 310 

2. Optic neuritis in at least one eye based upon clinical diagnosis 311 

3. Visual loss and/or pain on eye movements for 2 weeks or less 312 

4. Ipsilateral relative afferent pupillary defect if unilateral PON 313 

5. At least one of the following in the affected eye: 314 

• Visual acuity deficit at least 0.2 logMAR below age-based norms from EVA ATS-HOTV 315 

or e-ETDRS testing (see Table 1); OR  316 

• Diminished color vision; OR 317 

• Abnormal visual field; OR 318 

• Optic disk swelling 319 

6. Requirements for refractive error correction (based on a cycloplegic refraction performed at 320 

enrollment or as part of the examination by a referring pediatric ophthalmologist within the 321 

past 1 month):  Myopia of ≥-0.75D, hyperopia ≥4.00D, and cylinder ≥1.50D must be 322 

corrected using habitual glasses or trial frames if there is a change in the best correction. 323 

a. Refractive error correction prescribing instructions:  324 

• Hyperopic spherical equivalent (SE) must not be under corrected by more than 325 

2.00D SE 326 

• Cylinder power in both eyes must be within 0.75D of fully correcting the 327 

astigmatism. 328 

• Axis must be within +/- 10 degrees if cylinder power is ≤1.00D, and within +/- 5 329 

degrees if cylinder power is >1.00D. 330 

• Myopia SE must not be under-corrected by more than 0.25D or over corrected by 331 

more than 0.75 332 

7. MRI of the orbits has been done with evidence of enhancement of the optic nerve (s) or will 333 

be done in the next two weeks as standard care.   334 

8. Idiopathic optic neuritis, optic neuritis associated with MS, and optic neuritis associated with 335 

other causes not known at presentation. 336 

 337 
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Table 1: Normal Visual Acuity Values Based on Age  338 

Age range Normal Visual Acuity Visual Acuity Deficit 

36-47 months 20/50 or better 20/63 or worse 

48-71 months 20/40 or better 20/50 or worse 

72-83 months 20/32 or better 20/40 or worse 

>84 months ≥ 77 letters <77 letters 

Normal values for ATS-HOTV for children <84 months of age based on a study by Yamada et al24 and 339 

Pan et al.25 Normal values for children >84 months of age based on a study by Drover et al.26 The lower 340 

limit for the 95% tolerance interval was used to establish normal range of E-ETDRS visual acuity. 341 

 342 

2.2.2 Exclusion 343 

1. Study participants who do not expect to remain in area for the next two years and follow up 344 

at another study center is not possible  345 

2. Participants whose parents/guardians in the opinion of the Investigator, may be non-346 

compliant with study schedules or procedures.  347 

3. Neuro-retinitis (if the diagnosis is made after enrollment they will be followed, but not 348 

included in the primary cohort) 349 

4. Previous episode of optic neuritis in the same (currently affected) eye (established or 350 

presumed due to optic atrophy). Prior episode in fellow eye does not exclude enrollment. 351 

5. CSF or laboratory values suggesting a condition other than optic neuritis. 352 

6. Ocular or systemic findings suggestive of non-demyelinating cause for optic neuritis in the 353 

affected eye(s) such as an associated history of sarcoidosis, systemic lupus erythematosus, 354 

collagen vascular disease, or Lyme disease with overt symptoms beyond serum markers such 355 

as rash, peripheral neuropathy, or liver disease. 356 

7. Preexisting ocular abnormalities that might affect assessment of visual function in the 357 

affected eye(s). (Preexisting ocular abnormalities in the fellow eye are not an exclusion 358 

criterion.) 359 

 360 

2.3 Procedures at Enrollment Visit   361 

Demographic and clinical information will be collected from medical records and during the 362 

baseline examination, including presenting signs/symptoms. Informed consent and assent (if 363 

applicable) will include permission for the Coordinating Center to receive personal health 364 

information from participants or from medical records extracted by the clinic staff.   This 365 

information will include birth history, demographic and socioeconomic information, medical 366 

history, and family history. The Contact Information Form will be completed and transmitted via 367 

a secure link to the Jaeb Center. 368 

 369 

1. Distance Visual Acuity Testing:  Distance visual acuity testing will be performed in current 370 

refractive correction (if prescribed) monocularly in each eye (right, then left) by a certified 371 

examiner using the electronic ATS-HOTV visual acuity protocol for children <7 years and 372 

the E-ETDRS visual acuity protocol for children ≥ 7 years on a study-certified acuity tester 373 

displaying single surrounded optotypes as described in the ATS Testing Procedures Manual.  374 

 375 

• A cycloplegic refraction is generally performed at enrollment for all participants.  If a 376 

cycloplegic refraction has been done by a pediatric ophthalmologist or pediatric 377 

optometrist prior to referral for optic neuritis within the past 1 month, then that refraction 378 

can be used for testing visual acuity and does not need to be repeated. 379 



 

PON1 Protocol v2.0 4-11-16  2-3 

• If a participant is found to have refractive error that does not meet the conditions for 380 

uncorrected or corrected visual acuity testing listed below, then visual acuity testing will 381 

be repeated with appropriate refractive correction in a trial frame determined from 382 

cycloplegic refraction. The best visual acuity (prior to cycloplegia, or after cycloplegia in 383 

trial frames if done) will be used to assess eligibility with respect to visual acuity age 384 

norms in section 2.2.1.    385 

o Myopia of ≥-0.75D, hyperopia ≥4.00D, and cylinder ≥1.50D must be corrected 386 

using habitual glasses or trial frames if there is a change in the best correction. 387 

o Refractive error correction for visual acuity and low-contrast testing:  388 

o Hyperopic spherical equivalent (SE) must not be under corrected by more 389 

than 2.00D SE 390 

o Cylinder power in both eyes must be within 0.75D of fully correcting the 391 

astigmatism. 392 

o Axis must be within +/- 10 degrees if cylinder power is ≤1.00D, and within 393 

+/- 5 degrees if cylinder power is >1.00D. 394 

o Myopia SE must not be under-corrected by more than 0.25D or over 395 

corrected by more than 0.75D.  396 

 397 

2. Monocular low contrast visual acuity using 2.5% low contrast charts presented on the EVA 398 

Tester using the ATS-HOTV visual acuity protocol for children <7 years and the E-ETDRS 399 

visual acuity protocol for children ≥ 7 years. Refractive error correction procedures as for 400 

visual acuity testing in section 2.3.1. 401 

 402 

3. MRI of the brain and orbits with and without gadolinium using a standard care technique for 403 

optic neuritis. The techniques in standard use include fat-saturation for orbital images and 404 

STIR. (A participant may be enrolled and undergo visual acuity testing before the MRI is 405 

performed.)  MRI data will be collected and sent to the Jaeb Center for analyses.   406 

 407 

4. OCT data will be collected if performed (but not required for study enrollment) and will 408 

include mean peripapillary retinal nerve fiber layer thickness (RNFL). Optic disc centered 409 

and foveal-centered images will be obtained.  410 

 411 

5. Serological analysis – NMO antibody measurement by ELISA is collected in most centers. If 412 

done, the results will be collected.  413 

o If blood or serum has already been (or will be) collected as part of standard care, 414 

the parent/s (and child, if old enough for assent) will be given the option to 415 

participate in a study to measure NMO antibodies.  Participants in this optional 416 

study will have blood or serum collected for analyses as described in a separate 417 

procedures manual. 418 
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CHAPTER 3:  TREATMENT AND FOLLOW-UP 419 

 420 

Participants are expected to have standard care visits at 1 month (+/-1 week), 6 months (+/- 2 421 

weeks), 1 year (+/- 1 month) and 2 years (+/- 2 months) after enrollment.  422 

 423 

Sites will follow their local IRB requirements with respect to the assent of participants who reach 424 

the age of assent during the study.   425 

 426 

At each study visit, testing will include the following: 427 

• Monocular distance visual acuity in each eye using the same testing protocol (ATS-428 

HOTV or e-ETDRS) as used at the time of enrollment  429 

• Monocular low contrast acuity in each eye using the same testing protocol (ATS-HOTV 430 

or e-ETDRS) as used at the time of enrollment 431 

• OCT if performed (but not required) to include optic disc centered and foveal centered 432 

imaging using the same type of instrument as used at the time of enrollment 433 

• Assessment by investigator if there has been a new diagnosis of acute PON in a 434 

previously unaffected eye based on criterion 5 as defined in section 2.2.1 or a recurrence 435 

of acute PON in either eye, defined as a reduction of visual acuity of at least 0.2 logMAR 436 

lines from the prior exam.   437 

o Note: A recurrence will not be diagnosed if there is loss of vision within two 438 

weeks of discontinuation of steroids.   439 

o A Protocol Chair should be contacted after any visit to confer regarding the 440 

diagnosis of a previous or current episode of optic neuritis if there is evidence of 441 

the following: 442 

� A non-demyelinating cause for optic neuritis based on ocular or systemic 443 

findings  444 

� The condition may be due to another cause on the basis of clinical 445 

findings, CSF, imaging or laboratory values (if collected)  446 

• Recording any treatment prescribed (medication and dosage) 447 

 448 

Additional testing and data collection at one month will include the following:  449 

• A questionnaire will be administered to each participant to determine whether the child is 450 

pre-pubertal, pubertal, or post-pubertal.  451 

• The presence or absence of white matter lesions of the brain on the T2 or FLAIR images, 452 

not including the optic nerves, in the enrollment imaging, will be documented by the 453 

investigator.  454 

• The PON Study neurologic symptom questionnaire will be administered and the PON 455 

neurological summary diagnosis form will be completed.  456 

o The investigator should use the results of the neurologic symptom questionnaire 457 

and a neurological exam to complete the summary diagnosis form concerning 458 

whether the patient may have ON associated with MS, acute disseminated 459 

encephalomyelitis (ADEM), or NMO. 460 

� A neurological exam by a pediatric neurologist or MS specialist may be 461 

obtained at investigator discretion to aid in making the neurological 462 

diagnosis.  463 

� If no pediatric neurologist or MS specialist has been consulted, a 464 

neurological examination will be performed by the investigator. 465 

o The investigator will report neurological results as isolated optic neuritis, ADEM, 466 

Clinically Isolated Syndrome, or NMO spectrum (antibody positive or antibody 467 

negative)  468 
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� The completed form will be reviewed along with imaging by study MS 469 

expert for verification of classification. 470 

 471 

Additional testing and data collection at 6 months will include the following:  472 

• Binocular visual acuity and binocular contrast visual acuity.  473 

• QOL surveys (Eye Q and PedsQL).  474 

 475 

Additional testing and data collection at 1 year will include the following:   476 

• The PON Study neurologic symptom questionnaire will be administered and the PON 477 

neurological summary diagnosis form will be completed as previously outlined (refer to 478 

additional testing and data collection at one month).  479 

 480 

Additional testing and data collection at 2 years will include the following:  481 

• Binocular visual acuity and binocular contrast visual acuity.  482 

• The PON Study neurologic symptom questionnaire will be administered and the PON 483 

neurological summary diagnosis form will be completed as previously outlined (refer to 484 

additional testing and data collection at one month).  485 

• At two years, children with optic neuritis typically will undergo another MRI of the brain 486 

and orbits with intravenous gadolinium contrast as part of standard care to evaluate if 487 

there are new white matter lesions.   488 

o Data from the last MRI done since enrollment as part of standard care (or from an 489 

MRI if ordered as part of standard care at the time of the 2 year visit), will be 490 

collected and sent to the Jaeb Center for analyses. 491 

• If monocular distance best-corrected visual acuity is below age norms in either eye as 492 

defined in Table 1, a cycloplegic refraction should be completed (if not done by the 493 

referring pediatric ophthalmologist or pediatric optometrist within the past 1 month).  494 

o If the cycloplegic refraction is different (as defined below) than the optical 495 

correction used for initial testing, monocular and binocular distance and low-496 

contrast visual acuities should be retested in trial frames or with a phoropter. A 497 

significant difference is defined as:      498 

� > 0.25 D decrease in hyperopia 499 

� > 0.25 D increase in myopia  500 

� > 0.50 D change in cylinder power 501 

� > 10 degrees change in axis 502 

 503 

Summary of Study Visits and Associated Testing to be Performed: 504 

Test Baseline 1 Month 6 Months 1 Year 2 Years 

Visual Acuity 
X  

(M only) 

X  
(M only) 

X 
(M, B) 

X  
(M only) 

X 
(M, B) 

2.5% Low Contrast Acuity 
X  

(M only) 

X  
(M only) 

X 
(M, B) 

X  
(M only) 

X 
(M, B) 

Cycloplegic Refraction X    X if vision 

below age norms 

OCT (optional) X X X X X 

Serology NMO, Lyme   X*     

EyeQ   X   

PedsQL   X   

Puberty Questionnaire  X    

MRI X**    X** 

MS Questionnaire & 

Neurological Examination 
 X  X X 

M: monocular, B: binocular, MS Questionnaire: Neurologic Symptom Questionnaire for development of MS 505 
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*If blood or serum has already been (or will be) collected as part of standard care, and parent/s and participant agree to 506 
participate 507 
** MRI will be collected if done as part of standard care 508 

 509 

Additional non-study visits can be performed at the discretion of the investigator.  510 

 511 

After completion of the two-year follow-up visit, if participants and their parents have given 512 

permission for future contact in their site-specific IRB-approved consent, they may be contacted 513 

again in the future.  514 
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CHAPTER 4:  MISCELLANEOUS CONSIDERATIONS 515 

 516 

4.1 Contacts by the Jaeb Center for Health Research 517 

The Jaeb Center serves as the PEDIG Coordinating Center.  The Jaeb Center will be provided 518 

with the parent’s contact information.  The Jaeb Center may contact the parents of the 519 

participants.  Permission for such contacts will be included in the Informed Consent Form.  The 520 

principal purpose of the contacts will be to develop and maintain rapport with the participant 521 

and/or family and to help coordinate scheduling of the outcome examinations.   522 

 523 

4.2 Participant Withdrawals 524 

Parents may withdraw their child from the study at any time.  A participant who has reached 18 525 

years of age before the two-year outcome may withdraw at any time. Consent of the participant 526 

to continue would be needed. These are expected to be very infrequent occurrences in view of 527 

the study design’s similarity to routine clinical practice and recruitment only up to the 16th 528 

birthday.  529 

 530 

4.3 Adverse Events/Risks 531 

Adverse events will not be collected per se, as the study is a prospective data collection without a 532 

study protocol to be followed and includes no specific intervention or use of a device or drug as 533 

part of the protocol. The risk to the participant for participation in the registry is related to the 534 

unlikely chance that an unauthorized person views sensitive personal health information.  Efforts 535 

to ensure this does not occur are described in section 4.7. 536 

 537 

4.4 Benefits for Participants  538 

There are no direct benefits for the participants.  Results of this study may provide important 539 

knowledge that will be generalizable to the care of children with pediatric optic neuritis. 540 

 541 

4.5 Travel Reimbursement 542 

Parents of each participant will be compensated $50 per visit for completion of each visit: 543 

enrollment, 1-month, 6-month, 1-year and 2-year protocol-specified visits, for a maximum of 544 

$250.  If there are extenuating circumstances, and the participant is unable to complete study 545 

visits without additional funds for travel costs, additional funds may be provided. 546 

 547 

4.6 Study Costs  548 

The participant or his/her insurance provider will be responsible for the costs at all visits as they 549 

are considered standard care.  Any clinical and laboratory costs (including the cost for any OCT 550 

or MRI testing, and any blood or serum draw) will be the participant’s/parent’s responsibility 551 

just as they would be if they were not taking part in the study. 552 

 553 

4.7 Confidentiality 554 

Each participant will be assigned a study unique identification number.  All data and other 555 

information sent to the coordinating center for the project will be identified with this number. 556 

 557 

In addition, to help identify the study participant, the informed consent form and the assent form 558 

(if applicable) will include permission for the Coordinating Center to receive the child’s initials 559 

(first, middle, and last name initial). 560 

 561 
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4.8 General Considerations 562 

The study is being conducted in compliance with the policies described in the study policies 563 

document, with the ethical principles that have their origin in the Declaration of Helsinki, with 564 

the protocol described herein, and with the standards of Good Clinical Practice. 565 

 566 

Data will be directly collected in electronic CRFs, which will be considered the source data.   567 

 568 

There is no restriction on the number of participants to be enrolled by each site towards the 569 

overall recruitment goal. 570 

 571 

A risk-based monitoring approach will be followed, consistent with the FDA “Guidance for 572 

Industry Oversight of Clinical Investigations — A Risk-Based Approach to Monitoring” (August 573 

2013). 574 

 575 

It is the investigators’ opinion that the protocol’s level of risk falls under DHHS 46.404, which is 576 

research not involving greater than minimal risk.  577 
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CHAPTER 5:  SAMPLE SIZE ESTIMATIONS AND STATISTICAL ANALYSIS 578 

 579 

The approach to sample size and statistical analyses are summarized below.  A detailed statistical 580 

analysis plan will be written and finalized prior to any tabulation or analysis of any study 581 

outcome data, excepting recruitment data.  The analysis plan synopsis in this chapter contains the 582 

framework of the anticipated final analysis plan, which will supersede these sections when it is 583 

finalized. 584 

 585 

The primary and secondary objectives are to characterize PON and clinical outcomes in a cohort 586 

of children with presentation of acute optic neuritis; therefore, the analysis is largely descriptive. 587 

 588 

5.1 Sample Size 589 

A convenience sample size of 100 patients was chosen. The goal is to recruit 100 patients with 590 

PON over a two-year enrollment period.  If enrolled, participants without evidence on MRI of 591 

optic nerve enhancement ipsilateral to visual acuity loss will be included as part of the total 592 

sample size. 593 

 594 

5.2 Primary Analyses  595 

The primary objectives of the study are as follows: 596 

1. To determine investigators’ ability to enroll children with PON into a research 597 

protocol. 598 

2. To develop estimates of visual acuity outcomes in children with PON 6 months after 599 

enrollment, regardless of treatment. 600 

 601 

5.2.1 Recruitment Feasibility & Laterality 602 

The average number of participants recruited per site per month will be calculated (overall and 603 

according to laterality at presentation as defined below) and used to evaluate recruitment 604 

feasibility for any future randomized trial.  605 

 606 

Participants may contribute one or both eyes in the study (referred to as study eye(s)) as defined 607 

in section 5.3. Laterality at PON presentation will be characterized as follows: 608 

1. Unilateral - if an acute PON attack (as defined in section 2.2), has occurred in only one 609 

eye with no previous episode of acute PON in the other eye (referred to as fellow eye) 610 

2. Bilateral simultaneous - if onset of acute PON occurs in both eyes within 1 month of each 611 

other 612 

3. Bilateral sequential - if onset of acute PON occurs in both eyes more than 1 month apart  613 

 614 

If the fellow eye develops acute PON after enrollment, participants classified as unilateral PON 615 

will be reclassified as bilateral simultaneous if onset of acute PON for both eyes occurs within 1 616 

month of each other; otherwise, laterality at PON at presentation will remain classified as 617 

unilateral.   618 

 619 

Depending on the sample sizes within each laterality subgroup, the subgroup with the smallest 620 

sample size may be combined with one of the two remaining subgroups that more closely 621 

resembles the clinical profile of the disease. 622 

 623 

5.2.2 Visual Acuity Outcomes at 6 Months 624 

The distribution of monocular visual acuity at 6 months after enrollment will be tabulated with 625 

computation of descriptive statistics for study eyes.  For those with 2 study eyes, monocular 626 

visual acuity at 6 months after enrollment will be cross tabulated between the 2 eyes. 627 
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 628 

The primary outcome will be visual acuity deficit in the study eye(s) at 6 months after 629 

enrollment, defined as the difference between the observed visual acuity and the normal visual 630 

acuity for age at the time of the 6-month visit.  The mean visual acuity deficit in the study eye(s) 631 

at 6 months after enrollment and the corresponding 95% confidence interval (CI) will be 632 

calculated by age group using a linear mixed model when necessary to adjust for the inter-eye 633 

correlation due to some participants contributing 2 study eyes.  634 

 635 

Whether the visual acuity deficit in the study eye(s) differs by laterality of PON at presentation 636 

will also be evaluated in the linear mixed model.  If there is a difference according to laterality at 637 

PON presentation, the analysis will be stratified by laterality. 638 

 639 

5.3 Principles to be followed for Analyses 640 

1. Analyses for eye-level outcomes will only include study eyes, consisting of eligible eyes 641 

diagnosed with a first episode of acute PON at enrollment (defined in section 2.2), and fellow 642 

eyes unaffected at enrollment, but with onset of acute PON within 1 month of the initially 643 

enrolled eye.  Participants classified as having bilateral simultaneous PON at presentation 644 

may contribute 2 study eyes for the analyses if either (1) both eyes meet eligibility criteria at 645 

enrollment (section 2.2) or (2) the fellow eye develops a first episode of acute PON after 646 

enrollment (chapter 3) and PON onset between both eyes occurs within 1 month of each 647 

other. To be considered a study eye, the following criteria will be applied with respect to 648 

ipsilateral optic nerve enhancement in eligible eyes: 649 

• If only one eye is eligible, there must be evidence of ipsilateral optic nerve 650 

enhancement on MRI for that eye to be counted as a study eye.    651 

• For participants with bilateral simultaneous PON at presentation with 2 eligible 652 

eyes, both eyes will be counted as study eyes if there is evidence of optic nerve 653 

enhancement for at least one of the eyes.  The number of eyes without ipsilateral 654 

optic nerve enhancement will be reported. 655 

2. Participant- and eye-level outcomes from participants without evidence of optic nerve 656 

enhancement for any eligible eyes at PON presentation will be analyzed separately from 657 

those with optic nerve enhancement on MRI.  Descriptive statistics will be computed to 658 

characterize visual acuity outcomes in this cohort. 659 

3. Analyses of eye-level outcomes or covariates at the 1-month visit will only include study 660 

eyes with a diagnosis of acute PON at enrollment.  All study eyes will be included for eye-661 

level analyses occurring after the 1-month visit. 662 

4. Distance visual acuity and low contrast visual acuity scores will be converted to the logMAR 663 

scale so that E-ETDRS letter scores and HOTV scores can be pooled for analyses.   664 

5. Visual acuity deficit is defined as the difference between the observed visual acuity and the 665 

normal visual acuity for age based on the participant’s age at the visit. 666 

6. Unless otherwise specified, data will be included only from participants who complete the 667 

visit within the predefined analysis window. There will be no imputation of data for 668 

participants who miss the visit or who are lost to follow-up or withdraw from the study prior 669 

to the visit.  670 

 671 

5.4 Secondary Analyses 672 

Factors Associated with Visual Acuity Deficit at 6 Months 673 

In addition to laterality at PON presentation, other person-level  and/or eye-level factors will be 674 

tested for association with deficit in visual acuity in the study eye(s) at 6 months using linear 675 

mixed models with adjustment for inter-eye correlation.   676 
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 677 

Binocular Summation and Inhibition at 6 Months 678 

Binocular visual acuity will be compared to the better monocular visual acuity of the 2 eyes at 6 679 

months after enrollment.  For each participant, a measure of summation/inhibition will be 680 

computed as the difference between the binocular and monocular (Binocular – Monocular) visual 681 

acuity score (logMAR) at 6 months after enrollment.  The proportion of participants will be 682 

tabulated according to the following categories: 683 

 684 

1. Binocular summation (binocular visual acuity is better than visual acuity in the better eye 685 

alone) 686 

2. Binocular inhibition (binocular visual acuity is worse than visual acuity in the better eye 687 

alone) 688 

3. No difference  689 

 690 

Analyses will be stratified by laterality at PON presentation if there is an association between 691 

laterality and binocular summation. 692 

 693 

Additional secondary objectives include the following: 694 

 695 

1. Describe visual acuity outcomes  at 1 month, 1 year and 2 years after enrollment in children 696 

with PON 697 

Descriptive analyses of monocular visual acuity at 1 month, 1 year and 2 years after 698 

enrollment will be performed as defined in section 5.2.2. The primary analyses of visual 699 

acuity deficit by age group will be repeated at 1 month, 1 year and 2 years after enrollment as 700 

defined for the 6-month visit (section 5.2.2).  Binocular summation and inhibition at the 2-701 

year visit will be evaluated as previously described for the 6-month visit. The principles 702 

outlined in section 5.3 will also be applied to secondary visual acuity outcomes, and analyses 703 

will exclude data from visits completed outside of the predefined analysis windows.   704 

 705 

An analysis of variance will be used to compare unilateral versus bilateral disease at PON 706 

presentation with respect to visual acuity deficit at 2 years after enrollment.  The visual 707 

acuity in the study eye will be used for participants with unilateral or bilateral disease at PON 708 

presentation who have only one study eye.  For those with bilateral disease with 2 study eyes, 709 

the analysis will be performed using (1) the better visual acuity of the 2 study eyes, (2) the 710 

worse visual acuity of the 2 study eyes, and (3) the average visual acuity of the 2 study eyes. 711 

 712 

2. Estimate the risk of acute optic neuritis recurrence in the same eye at two years after 713 

enrollment 714 

A binomial regression analysis that adjusts for clustered data will be performed to estimate 715 

the crude recurrence rate of acute PON in the study eye(s) at the 2-year visit.  Study eyes 716 

without a 2-year outcome will be included in the 2-year analysis if there was a diagnosis of 717 

acute PON recurrence at a previous visit.  Multiple imputation will be used to impute a status 718 

for missing study eye outcomes at the 2-year visit only for study eyes where acute PON 719 

recurrence has not been diagnosed at a previous visit.   720 

 721 

If the crude recurrence rate of acute PON differs according to laterality at PON presentation, 722 

the analysis will be stratified by laterality (defined in section 5.2.1).  723 

 724 

3. Estimate the risk of developing acute PON in the fellow eye two years after enrollment for 725 

participants with unilateral PON at presentation 726 
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 727 

For participants with unilateral PON at presentation, the crude rate of acute PON in the 728 

fellow eye at 2 years after enrollment will be calculated and an exact 95% confidence 729 

interval will be computed on the rate.  Fellow eyes without a 2-year outcome will be included 730 

in the 2-year analysis if there was a diagnosis of acute PON at a previous visit. Multiple 731 

imputation will be used to impute a status for missing fellow eye outcomes at the 2-year visit 732 

only for fellow eyes with no history of acute PON during follow-up.   733 

 734 

4. Estimate the risk of diagnosis of multiple sclerosis at 2 years after enrollment  735 

A binomial regression analysis will be performed to estimate the crude diagnosis rate of 736 

multiple sclerosis (MS) at 2 years after enrollment and an exact 95% confidence interval will 737 

be computed on the rate.  Participants without a 2-year visit will be included in the 2-year 738 

analysis if there was a diagnosis of MS at a previous visit. Multiple imputation will be used 739 

to impute a status for missing outcomes at the 2-year visit only for participants where MS has 740 

not been diagnosed at a previous visit.     741 

 742 

If the crude diagnosis rate of MS differs according to laterality at PON presentation, then the 743 

analysis will be stratified by laterality.   744 

 745 

5. Characterize PON including prevalence of white matter lesions on MRI and NMO antibodies 746 

at enrollment 747 

The proportion of participants with white matter lesions on MRI and NMO antibodies at 748 

enrollment will be tabulated separately and combined.  749 

 750 

6. Determine the change in  retinal nerve fiber layer thickness and ganglion cell layer thickness 751 

at 1 month, 6 months, 1 year and 2 years after enrollment 752 

Descriptive analyses of change in RNFL thickness and GCL thickness for the study eye(s) at 753 

1 month, 6 months, 1 year and 2 years after enrollment will be performed as defined in 754 

section 5.2.2.    755 

 756 

Linear mixed models that adjust for inter-eye correlation and for correlation between 757 

repeated measures of the study eye(s) over time will be used to describe eye-level changes in 758 

RNFL and GCL thickness for the study eye(s) across the follow-up visits.  If the change in 759 

OCT measures differ according to laterality at PON presentation, then the analysis will be 760 

stratified by laterality. 761 

 762 

7. Collect MRIs for future analyses  763 

Images from MRI scans submitted at the time of enrollment and at 2 years after enrollment 764 

will be collected and reviewed by a MS specialist.  765 

 766 

8. Assess quality of life (QOL) outcomes using current pediatric instruments 767 

Responses to the pediatric quality of life (QOL) survey instruments (Eye Q and PedsQL) will 768 

be tabulated separately at 6 months after enrollment, and descriptive statistics computed.  769 

Exploratory analyses may be performed to assess the relationship between the QOL survey 770 

scores and visual acuity outcomes at 6 months after enrollment. 771 

 772 

9. Describe low contrast visual acuity outcomes at 6 months, 1 year and 2 years after enrollment 773 

Descriptive statistics and cross-tabulations of the distribution of low contrast monocular 774 

visual acuity will be computed at the 6-month, 1-year and 2-year visits as described in 775 

section 5.2.2.  Low contrast visual acuity outcomes in the study eye(s) will be computed at 776 
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each of the aforementioned study visits.  If these outcomes differ according to laterality at 777 

PON presentation, the analyses will be stratified by laterality as described for the visual 778 

acuity primary outcome analysis.779 



 

PON1 Protocol v2.0 4-11-16  6-1 

CHAPTER 6:  REFERENCES 780 

 781 

1. Liu GT, Volpe NJ, Galetta SL. Neuro-ophthalmology: diagnosis and management. 782 

London: Elsevier Saunders; 2010. 783 

2. Atkins EJ, Biousse V, Newman NJ. The natural history of optic neuritis. Rev Neurol Dis 784 

2006;3:45-56. 785 

3. Lana-Peixoto MA, Andrade GC. The clinical profile of childhood optic neuritis. Arq 786 

Neuropsiquiatr 2001;59:311-7. 787 

4. Lucchinetti CF, Kiers L, O'Duffy A, et al. Risk factors for developing multiple sclerosis 788 

after childhood optic neuritis. Neurology 1997;49:1413-8. 789 

5. Wilejto M, Shroff M, Buncic JR, Kennedy J, Goia C, Banwell B. The clinical features, 790 

MRI findings, and outcome of optic neuritis in children. Neurology 2006;67:258-62. 791 

6. Brady KM, Brar AS, Lee AG, Coats DK, Paysse EA, Steinkuller PG. Optic neuritis in 792 

children: clinical features and visual outcome. J AAPOS 1999;3:98-103. 793 

7. Bonhomme GR, Waldman AT, Balcer LJ, et al. Pediatric optic neuritis: brain MRI 794 

abnormalities and risk of multiple sclerosis. Neurology 2009;72:881-5. 795 

8. Trobe JD, Sieving PC, Guire KE, Fendrick AM. The impact of the optic neuritis 796 

treatment trial on the practices of ophthalmologists and neurologists. Ophthalmology 797 

1999;106:2047-53. 798 

9. Cleary PA, Beck RW, Anderson MM, Jr., Kenny DJ, Backlund JY, Gilbert PR. Design, 799 

methods, and conduct of the Optic Neuritis Treatment Trial. Control Clin Trials 1993;14:123-42. 800 

10. Beck RW, Cleary PA, Anderson MM, Jr., et al. A randomized, controlled trial of 801 

corticosteroids in the treatment of acute optic neuritis. The Optic Neuritis Study Group. N Engl J 802 

Med 1992;326:581-8. 803 

11. Optic Neuritis Study Group. Visual function 15 years after optic neuritis: a final follow-804 

up report from the Optic Neuritis Treatment Trial. Ophthalmology 2008;115:1079-82 e5. 805 

12. Beck RW, Trobe JD, Moke PS, et al. High- and low-risk profiles for the development of 806 

multiple sclerosis within 10 years after optic neuritis: experience of the optic neuritis treatment 807 

trial. Arch Ophthalmol 2003;121:944-9. 808 

13. Filippini G, Brusaferri F, Sibley WA, et al. Corticosteroids or ACTH for acute 809 

exacerbations in multiple sclerosis. Cochrane Database Syst Rev 2000:CD001331. 810 

14. Brusaferri F, Candelise L. Steroids for multiple sclerosis and optic neuritis: a meta-811 

analysis of randomized controlled clinical trials. J Neurol 2000;247:435-42. 812 

15. Hickman SJ, Kapoor R, Jones SJ, Altmann DR, Plant GT, Miller DH. Corticosteroids do 813 

not prevent optic nerve atrophy following optic neuritis. J Neurol Neurosurg Psychiatry 814 

2003;74:1139-41. 815 

16. Diem R, Hobom M, Maier K, et al. Methylprednisolone increases neuronal apoptosis 816 

during autoimmune CNS inflammation by inhibition of an endogenous neuroprotective pathway. 817 

J Neurosci 2003;23:6993-7000. 818 

17. Waldman AT, Stull LB, Galetta SL, Balcer LJ, Liu GT. Pediatric optic neuritis and risk 819 

of multiple sclerosis: meta-analysis of observational studies. J AAPOS 2011;15:441-6. 820 

18. Waldman AT, Gorman MP, Rensel MR, Austin TE, Hertz DP, Kuntz NL. Pediatric 821 

central nervous system demyelinating disorders: consensus of United States neurologists. J Child 822 

Neurol 2011;26:675-82. 823 

19. Waldman AT, Shumski MJ, Jerrehian M, Liu GT. Parent and medical professional 824 

willingness to enroll children in a hypothetical pediatric optic neuritis treatment trial. Front 825 

Neurol 2011;2:75. 826 

20. Beck RW, Moke PS, Turpin AH, et al. A computerized method of visual acuity testing: 827 

adaptation of the early treatment of diabetic retinopathy study testing protocol. Am J Ophthalmol 828 

2003;135:194-205. 829 



 

PON1 Protocol v2.0 4-11-16  6-2 

21. Holmes JM, Beck RW, Repka MX, et al. The amblyopia treatment study visual acuity 830 

testing protocol. Arch Ophthalmol 2001;119:1345-53. 831 

22. Angeles-Han ST, Griffin KW, Harrison MJ, et al. Development of a vision-related 832 

quality of life instrument for children ages 8-18 years for use in juvenile idiopathic arthritis-833 

associated uveitis. Arthritis Care Res 2011;63:1254-61. 834 

23. Varni JW, Seid M, Kurtin PS. PedsQL 4.0: reliability and validity of the Pediatric Quality 835 

of Life Inventory version 4.0 generic core scales in healthy and patient populations. Med Care 836 

2001;39:800-12. 837 

24. Yamada T, Hatt SR, Leske DA, et al. A new computer-based pediatric vision-screening 838 

test. J AAPOS 2015;19:157-62. 839 

25. Pan Y, Tarczy-Hornoch K, Cotter SA, et al. Visual acuity norms in pre-school children: 840 

the Multi-Ethnic Pediatric Eye Disease Study. Optometry and Vision Science 2009;86:607-12. 841 

26. Drover JR, Felius J, Cheng CS, Morale SE, Wyatt L, Birch EE. Normative pediatric 842 

visual acuity using single surrounded HOTV optotypes on the Electronic Visual Acuity Tester 843 

following the Amblyopia Treatment Study protocol. J AAPOS 2008;12:145-9. 844 

 845 


