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Abstract

Purpose The anti-epileptic drug vigabatrin is asso-

ciated with reduction in light-adapted 30-Hz flicker

electroretinogram (ERG) amplitude. Ophthalmologi-

cal assessments, including ERGs, monitor retinal

health during vigabatrin treatment. RETevalTM is a

hand-held ERG device adapted for dilation-free ERG

assessment. To evaluate the usefulness of RETevalTM

for vigabatrin ERG assessment, we evaluated intra-

visit reliability and clinical feasibility of RETevalTM

ERG assessment in children under 3 years of age

undergoing vigabatrin treatment.

Methods In this prospective study, children under-

went 30-Hz flicker ERG assessment with RETevalTM

before routine vigabatrin monitoring including

sedated-ERG using the Espion E2 Colour Dome.

Intraclass correlation coefficient (ICC) statistics iden-

tified the degree of intra-visit reliability from two

repeated measurements of the same participant within

one testing session. The omega squared (x2) statistic

identified the level of association between RETevalTM

and Espion light-adapted 30-Hz flicker responses.

Results Nine children completed RETevalTM ERG

testing. The intra-visit ICCs for the RETevalTM 30-Hz

flicker amplitude (lV) were high: 0.81 (right eye) and
0.86 (left eye), while the implicit times (ms) were 0.79

(right eye) and 0.42 (left eye). The RETevalTM 30-Hz

flicker amplitude was positively associated with the

Espion 30-Hz flicker response (x2 = 0.71). The

Bland–Altman plot showed no bias in the mean

difference of amplitudes between the two systems.

Conclusion This is the first study to assess the utility

of RETevalTM device in children under 3 years of age

undergoing vigabatrin treatment. RETevalTM demon-

strated high intra-visit reliability with responses

consistent with the standard Espion ERG. RETevalTM

may be beneficial for assessment of retinal toxicity in

young children treated with vigabatrin.
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Introduction

Infantile Spasms (IS) affects 2–5 per 10,000 children

[1–3]. IS presents as recurrent seizures, often leading

to cognitive declines and premature mortality [4]. An

effective anti-epileptic drug in young children is

vigabatrin (SABRIL�, Lundbeck, Deerfield, IL)

[5, 6]. Vigabatrin is associated with retinal toxicity

causing bilateral concentric visual field loss [7, 8].

These visual field complications are correlated with

other deficits including attenuation of the light-

adapted (LA) 30-Hz flicker electroretinogram (ERG)

[9].

Ophthalmological assessments, including ERGs,

monitor retinal health during vigabatrin treatment.

Currently, reliable paediatric visual-assessment tech-

niques are limited [10]. ERG assessment following

standards recommended by the International Society

for Clinical Electrophysiology of Vision (ISCEV) [11]

is typically an important tool for monitoring vigaba-

trin-associated effects in young children. This requires

pupillary dilation and electrode placement in close

proximity to the cornea [12]. Testing varies from

centre to centre; some centres conduct testing while

the child is awake, others use sedation of general

anaesthesia to ensure compliance during testing. At

the Hospital for Sick Children, ERGs are performed

while children are sedated. The choice of sedation is to

maintain compliance without the potential negative

neurodevelopmental outcomes that have been associ-

ated with anaesthesia [13–15].

The RETevalTM system (LKC Technologies,

Gaithersburg, MD, USA) is a non-invasive, hand-held

ERG system not requiring pupillary dilation. RETe-

valTM uses skin electrodes and accommodates for

changes in pupil diameter up to 6.5 mm by constantly

altering the flash luminance (cd�s/m2) to stabilize

retinal illuminance (Td�s) [16]. RETevalTM is useful in

studies of retinal diseases and healthy children

[17–21]. The current study aims to evaluate the

clinical feasibility of using the RETevalTM device by

assessing intra-visit reliability, association and agree-

ment between RETevalTM and sedated ERG in awake

children under 3 years undergoing vigabatrin

treatment.

Methods

Research ethics approval

This study was approved by the Research Ethics Board

(REB) at the Hospital for Sick Children and adhered to

the guidelines of the tenets of the Declaration of

Helsinki for clinical research involving human

participants.

Participant recruitment

Patients were recruited during their scheduled Oph-

thalmology appointment, which includes the Espion

(Espion E2 Color Dome, Diagnosys LLC) sedated

ERG. Informed consent was signed for each patient by

the parents and/or guardians.

Inclusion criteria were children B 3 years of age

who had been diagnosed with IS, and who were

undergoing treatment with vigabatrin. Exclusion cri-

teria were other known retinal diseases or medications

other than vigabatrin known to affect the retina. Sex

was not a determining factor for inclusion in this

study.

RETevalTM ERG

A graduate student (XJ) trained in the use of the

device, recorded the LA 30-Hz flicker ERG protocol

using the RETevalTM. Children were placed into a

comfortable supine position and wrapped in a blanket,

while the skin underneath both eyes was gently

scrubbed with Nuprep�. Recording electrodes were

disposable RETevalTM sensor strips (LKC Technolo-

gies Inc., Gaithersburg, MD, USA) placed over the

skin 2 mm below the lateral half of the lower eyelids

of both eyes. The experimenter held the device in such

a way that the hand-piece cusped around the eyes of

the child (Fig. 1). A built-in automatic sensor tracked

the pupils for imaging stabilization, and a built-in

screen displayed the status of pupil tracking, such that

testing could only begin once the pupil was detected

by the system. Children had previously been exposed

to ambient room lighting during the clinical intake and

did not receive additional light adaptation. The test

was conducted in each eye using a pre-set protocol (85

Td�s @ 28.3-Hz flicker with 848 Td background). The

RETevalTM, which housed the flickering light, was

placed over one eye and testing always commenced
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with the right eye (OD) followed by the left eye (OS).

Two repetitions were attempted on each eye to allow

assessment of intra-visit reliability of the RETevalTM

response. The device was repositioned following each

trial while the electrodes remained on the skin, and the

duration between two attempts was approximately

5–10 s. In the case of non-compliance or if the

duration of the procedure was over 5 min, testing was

discontinued.

Espion ERG

Following the RETevalTM ERG, the child was given

mydriatic eye drops of 1% tropicamide (Mydriacyl�;

Alcon Laboratories Inc., TX, USA) and 2.5% phenyle-

phrine (Mydfrin�, Alcon Laboratories Inc, TX, USA)

by the nurses to dilate the pupils. Chloral hydrate was

administered orally for sedation (weight-dependent

chloral hydrate dosage: 80 mg/kg up to 1 g

maximum).

The ERGwas performed using the Espion E2 Color

Dome in accordance with ISCEV standards [11].

Following the administration of an eye drop topical

anaesthetic, corneal electrodes (ERG-JETTM, Fabrinal

Eye Care, La Chaux-de-Fonds, Switzerland) were

positioned over the cornea of each eye, and the ERG

was conducted using Ganzfeld illumination.

Data analysis

Analysis of the amplitude of 30-Hz flicker ERG was

the main concern of the current study. Vigabatrin ERG

defects are associated with amplitude change and not

implicit time [9, 12]. Implicit time data were evaluated

for interest only. Intra-visit reliability of the RETe-

valTM response was evaluated from two repeated

measurements of the same participant within one

testing session. Analysis was conducted using the

intraclass correlation coefficient (ICC) statistics (Sta-

tistical Package for Social Studies software, IBM,

Chicago, IL). The association between the RETevalTM

LA 30-Hz flicker ERG and the Espion ERG LA 30-Hz

flicker responses was assessed with the partial omega

squared (x2) estimated in PROC GLM (SAS 9.4,

Cary, NC); this statistical method accounted for

multiple testing as data from all eyes were included

in the analysis. The partial omega squared represents

the proportion of shared variance between the two

measures after controlling for the random subject

effect. Agreement between RETevalTM and sedated

ERG was evaluated by Bland–Altman test; for this

analysis amplitudes were scaled using a scaling factor

of 7.04; i.e. Espion ERG = RETeval ERG 9 7.04.

The scaling factor was determined through the linear

regression of Espion ERG vs. RETeval ERG ampli-

tude responses while setting the intercept at 0.

Results

Between November 2016 and March 2018, parents of

twenty-nine children were approached for RETevalTM

testing while waiting for sedation for their child’s

impending Espion sedated-ERG; of these, nine

(13.6 ± 6.7 months, range 6–27 months) completed

the RETevalTM 30-Hz flicker ERG. The demographics

data for these children are listed in Table 1. Seven of

Fig. 1 RETevalTM hand-held ERG being operated on an infant

under sedation. Real-time pupil tracking is shown on the screen

of the device during testing. The LA 30-Hz flicker ERG

waveforms are displayed on screen immediately following test

completion. Repeated trials are shown as superimposed traces to

provide instant appraisal of waveform reproducibility
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these nine children (77.8%) completed the intra-visit

reliability assessments, with at least one eye having

two repetitions of the 30-Hz flicker ERG response. For

the twenty children who did not complete RETevalTM

measurements, eighteen of them showed inadequate

testing compliance due to excessive crying, removing

of electrodes, and body movements. The remaining

two children provided enough testing cooperation,

however recordings were unsuccessful, as pupil

detection by the device took longer than 5 min.

Intra-visit reliability

The intra-visit reliability of the RETevalTM 30-Hz

flicker ERG response was assessed by the level of

reproducibility between two repeated measurements

within a single visit using ICC statistics. Seven right

eyes from seven participants and five left eyes from

five participants, which equated to 12 eyes from seven

participants, provided two repetitions for intra-visit

calculations. The intra-visit ICCs for the RETevalTM

30-Hz flicker ERG amplitude (lV) were 0.81 and 0.86
for the right and left eyes, respectively. The intra-visit

ICCs for the 30-Hz flicker implicit time (ms) were

0.79 and 0.42 for the right and left eyes, respectively.

Representative ERGs (Fig. 2a, b) from a 13-month old

child show intra-visit reliability of the RETevalTM

30-Hz flicker response. The waveform morphology of

the RETevalTM visually resembles the Espion ERG

(Fig. 2c, d) within a span of 100 ms; the difference is

in the response amplitude due to different types of

electrodes used by the two systems (skin electrode vs.

corneal electrode).

Intra-visit reliability data are shown in Fig. 3; the

values of the 30-Hz flicker responses on two trials are

plotted against each other. Within this specific paedi-

atric cohort, the flicker response amplitudes of both

the Espion ERG and the RETevalTM ERG were not

associated with change in age (Fig. 4). For the eyes

with two repeated measurements, the average of the

two trials was used for this calculation.

Clinical feasibility

The clinical feasibility of the RETevalTM 30-Hz

flicker response was determined through comparisons

with the Espion response. Nine children had at least

one measurable RETevalTM recording. Thirteen eyes

(n = 13) from nine children contributed to the calcu-

lation of cross-platform correlation. For the eyes with

two repeated measurements, the average of the two

trials was used for this calculation. The amplitude of

the RETevalTM 30-Hz flicker response showed a

positive association with the 30-Hz flicker response on

Espion ERG (x2 = 0.71, Fig. 5a). No correlation was

found between the implicit times of the RETevalTM

and Espion flicker ERGs (x2 = 0, Fig. 5b). The

Bland–Altman plot showed no bias in the mean

difference of 30-Hz flicker amplitudes between the

two ERG systems (Fig. 6); however, three eyes of

three participants (ID316, 317, 325) showed larger

differences in amplitudes between the two different

Table 1 Demographics information and clinical ERG interpretations for 9 children tested with the RETeval 30-Hz flicker ERG

ID Sex (M/F) Age at testing (months) Vigabatrin daily dose at

testing (body weight)

Clinical LA 30-Hz flicker ERG findings

313 F 6 1000 mg (9.9 kg) WNL

314 M 13 900 mg (7 kg) WNL

315 M 11 Discontinued WNL

316 F 27 1500 mg (15 kg) Slightly reduced from normal range for OD

317 F 12 1200 mg (9.2 kg) WNL

324 F 8 1800 mg (12 kg) WNL

325 M 7 1000 mg (8.3 kg) WNL

341 M 22 1500 mg (10.8 kg) WNL

344 F 16 1400 mg (12.4 kg) WNL

WNL = within normal limits; refers to the clinical 30-Hz flicker ERG response as compared with the age-expected normative range

for both right and left eyes. Only one trial of the Espion 30-Hz flicker ERG was performed as part of their standard monitoring visit at

SickKids Hospital. OD and OS are right and left eyes, respectively
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recording devices. Both right and left eyes were used

in this calculation, and for the eyes with two repeated

measurements, the average of the two trials was used.

One of these discrepancies (ID316) showed equiva-

lently lower Espion ERG amplitude than the hand-

held system, and two of these cases (ID317 and ID325)

had lower RETevalTM ERG amplitudes than the

Espion system. One of these participants (ID325)

had a difference value outside of the limit of agree-

ment (95% confidence interval).

Discussion

The aim of the present study was to investigate the

reliability and clinical feasibility of the RETevalTM

ERG for recording the 30-Hz flicker response in non-

sedated children undergoing vigabatrin therapy.

Nine children completed RETevalTM assessment.

Although low in view of the number of parents who

had agreed to the procedure (N = 29), it was expected

that children would be in an increased state of

agitation as they were fasting in preparation for

sedation. Two children cooperated initially with

RETevalTM, however, testing lasted longer than

5 min and was discontinued because of time con-

straints required to ensure the proper flow of clinical

procedure.

Reliability

The intra-visit reliability established in the present

study for the RETevalTM 30-Hz flicker protocol was

high and comparable to previous reports using RETe-

valTM [20, 21]. Intra-visit reliability for the RETe-

valTM flicker ERG is strong in healthy adults between

20 and 24 years old (ICC = 0.92 for amplitude and

Fig. 2 RETevalTM 30-Hz flicker ERG response in a 13-month

child (ID 314) with Infantile Spasms (a = OD, b = OS). Espion

ERG LA 30-Hz flicker response (c = OD, d = OS) of the same

participant (ID 314) measured on the date of RETevalTM testing.

Each waveform shown is the average ERG response from trial 1

and trial 2. The two superimposed same-session repeated

waveforms demonstrate morphological similarity between the

two RETevalTM responses and between RETevalTM and Espion

ERG responses

123

Doc Ophthalmol (2019) 138:195–203 199



0.91 for implicit time) [20]. Concurrently, we col-

lected RETevalTM data on a larger cohort between

11 months and 69 years (N = 92, median age = 20),

and found an ICC of 0.82 for amplitudes and 0.53 for

implicit time using the RETevalTM 30-Hz flicker

response [21]. In the present cohort, the mean age was

13.6 months. The reductions in our reliability assess-

ment, particularly the implicit time measures from the

left eye, compared with other studies may be attributed

to experimenter- and patient-dependent factors,

including increased bodymovement of young children

during recording, poor contact or adhesiveness of the

skin electrodes and excessive shifting of the eyes

causing loss of pupil detection. The waveform mor-

phology of the RETevalTM flicker response is repeat-

able and moderately resembles the waveforms of the

Espion ERG. The smaller amplitude signal of the

RETevalTM skin electrode ERG is attributed to lower

signal to noise ratio in comparison with the Espion

ERG using corneal electrodes. An interesting aspect of

waveformmorphology is that consecutive RETevalTM

traces (Fig. 2a, b) are identical and on the Espion

system they are not (Fig. 2c, d). This is because

RETevalTM uses a Fourier-based approach to record

steady-state ERGs and the first eight harmonics are

used to reconstruct the waveform [22]. In addition, the

system’s auto-blink rejection excludes those data in

the proximity of a blink. The Espion ERG acquires

100 ms sweeps with subsequent averaging. The con-

secutive Espion ERG flicker traces are not identical to

each other as they are not periodic at the flicker

frequency.

Clinical feasibility

Our study exhibited a strong positive correlation

between the RETevalTM and the Espion ERG 30-Hz

flicker amplitudes, and no correlation between the

implicit time responses. The lack of correlations is

expected as there is such a small range of values across

participants. Clinical efficacy of the RETevalTM

30-Hz flicker response in adults is shown by reduction

with known retinal diseases causing cone dysfunctions

[23]. Likewise, in children with nystagmus and retinal

Fig. 3 RETevalTM 30-Hz flicker ERG response amplitude (a,
c) and implicit time (b, d) measured from 12 eyes of 7 study

participants. Consistency between the first and second trial

amplitudes and implicit times are compared to the line of perfect

agreement. a, b = OD; c, d = OS
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dystrophy (5.6 ± 2.7 years), the RETevalTM 30-Hz

flicker response amplitude is reduced compared with

controls with nystagmus and no retinal dystrophy [17].

Although the correlation between the amplitudes is

strong, the Bland–Altman analysis revealed interest-

ing discrepancies. Three eyes of three participants

showed large amplitude differences between RETe-

valTM and Espion ERG. In participant (ID316), the

explanation is technical and not pathological; when

the child was followed up 4 months later ERG

amplitudes were within normal limits. In this partic-

ipant, the upward rolling of the eye in Bell’s

phenomenon may explain the result. In other cases

(ID317 and ID325), when the RETevalTM ERG

amplitudes were lower than the Espion ERG, head

and eye movements during hand-held ERG testing

may have resulted in less robust recordings and

subsequent reductions in amplitude responses. Reports

of cone-dominant ERG changes in infants and young

children using the RETevalTM system are limited. To

the best of our knowledge, the present study is the first

that employs the RETevalTM 30-Hz flicker response to

evaluate potential retinal defects in children\ 3 years

of age undergoing vigabatrin therapy for IS.

Limitations

There are several limitations for this study. The small

sample size limits the generalizability and the power

Fig. 4 Plot of a RETevalTM 30-Hz flicker amplitude and the

b Espion ERG 30-Hz flicker amplitude with age at testing in 9

children with successful RETevalTM ERG recording. No age-

dependent associations were evident for either system

Fig. 5 Correlations between the RETevalTM 30-Hz flicker

response and the Espion ERG 30-Hz flicker response in terms of

amplitude (a) and implicit time (b)

Fig. 6 Bland–Altman plot for light-adapted 30-Hz flicker

amplitude measures. The RETeval amplitudes were scaled to

the Espion sedated-ERG using a scaling factor of 7.04
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of these results. The age-expected normal range for the

RETevalTM LA 30-Hz flicker amplitude is currently

unknown for children younger than 3 years of age.

Non-compliance, especially following fasting periods

for the Espion sedated-ERG, reduced the tolerability

of the RETevalTM flicker in children under 3 years of

ages. Furthermore, the skin electrodes used by the

RETevalTM system, designed for older children and

adults, were sometimes difficult to be positioned at

appropriate markers on the infant’s face. As a result,

some children removed the electrodes from the skin

underneath the eyelids.

Conclusion

This study was the first to demonstrate the reliability

and feasibility of the RETevalTM LA 30-Hz flicker

protocol in children under 3 years of ages undergoing

vigabatrin treatment. Generally, RETevalTM 30-Hz

flicker response was comparable to the Espion ERG.

RETevalTM is a quick and sedation-free technique;

therefore, it may prove to be a viable option for some

children whose parents or physicians require more

information on possible toxicity than might be

provided by the fundus examination alone. RETe-

valTM may be useful for retinal assessment when the

sedated ERG is contraindicated or when sedation is

unavailable.
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