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Purpose: The aim of this study is to determine the effect of pupil size of eyes with cataracts on 

the flicker electroretinograms (ERGs) elicited and recorded with the RETeval system.

Patients and methods: Forty-one eyes of 41 patients (mean age, 76.5±7.3 years) that had 

grade 2 nuclear or cortical cataract without any other abnormalities were studied. Flicker ERGs 

were recorded before and after mydriatic drops instillation. The ERGs were elicited by the white 

light delivered at the frequency of 28.3 Hz and intensities of 2, 8, and 32 Td-s. The amplitudes 

and the implicit times of the flicker ERGs before and after mydriasis were compared.

Results: There were no significant differences between the amplitudes before and after mydriasis 

(P=0.35, 2 Td-s; P=0.31, 8 Td-s; P=0.50, 32 Td-s). There were also no significant differences 

between the implicit times before and after mydriasis (P=0.86, 2 Td-s; P=0.98, 8 Td-s; P=0.95, 

32 Td-s). The mean amplitudes and implicit times of the nuclear and cortical cataracts groups 

before the mydriasis were also not significantly different from those after mydriasis for all 

stimulus intensities.

Conclusion: The lack of significant differences in the amplitudes and the implicit times of 

the flicker ERG of cataractous eyes before and after mydriasis indicated that the RETeval 

flicker ERGs in cataractous eyes is less affected by the pupil diameter. With our earlier study, 

it was assumed that the effect of cataracts on the RETeval flicker ERGs was due to the opacity 

of the crystalline lens, and the influence of the cataract would not be reduced or increased by 

mydriasis.
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Introduction
The RETeval™ system (LKC Technologies, Gaithersburg, MD, USA) is a noninvasive, 

mydriatic-free electroretinographic (ERG) system that can elicit and record not only 

flicker ERGs but also ERGs elicited by different stimulus intensities.1 Therefore, the 

RETeval can be used for objective assessments of retinal function and conventional full-

field ERGs. The RETeval system is designed to screen diabetic retinopathy because it 

can be tested without mydriasis, and flicker ERGs can be recorded in a short time.2–4

Because the prevalence of cataract is relatively high, the presence of cataracts is 

a problem especially when screening a large number of individuals. Therefore, infor-

mation of the effect of cataracts on the flicker ERGs recorded by the RETeval system 

will contribute to improving the accuracy of diagnosing ocular disorders.

We have reported that the amplitudes and implicit times of the flicker ERGs 

recorded with the RETeval system were affected by cataracts.5,6 In these studies, we 

found that the amplitudes and implicit times of the flicker ERGs recorded with RETeval 
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system at 8 Td-s were affected by cataracts, and more spe-

cifically, the mean amplitude was significantly smaller, and 

the mean implicit time was significantly longer in eyes with 

cataracts. We also found that the effects of crystalline lens 

opacities on the implicit time decreased as strength of the 

light intensity increased. The effect was essentially elimi-

nated when the stimulus intensity was 32 Td-s. However, 

the limitation of these studies was that all of the patients 

were examined under mydriatic-free conditions. Although 

RETeval system measures the pupil size and keeps the retinal 

illuminance constant during the examination, it is not entirely 

known how the lens opacities affect the flicker ERGs if the 

pupil diameter and the distribution of the light stimulus on 

the entire retina are different.

Thus, the purpose of this study is to determine the effect 

of pupil size of cataractous eyes on the flicker ERGs recorded 

with various stimulus intensities with the RETeval system. 

The amplitudes and implicit times recorded before the 

mydriasis were compared to that recorded after the mydriasis. 

In addition, we divided the eyes into those with cortical cata-

racts and those with nuclear cataracts and investigated the 

effects of mydriasis on the amplitudes and implicit times.

Patients and methods
Forty-one eyes of 41 patients that had cataracts were 

studied at the Chiba University Hospital between November 

2016 and July 2017. All of the patients had flicker ERGs 

recorded with RETeval system before and after mydriasis. 

The procedures used in this study conformed to the tenets 

of the Declaration of Helsinki and were approved by the 

Institutional Review Board of Chiba University Hospital 

(number 2075). Patients were informed on the purpose of 

the examinations, including mydriasis and ERG recordings, 

and that information collected during the examination could 

be used for present and future research studies, and a written 

informed consent was obtained from all patients.

All patients had complete ophthalmic examinations 

including measurements of the best-corrected visual acuity 

(BCVA), intraocular pressure, slit-lamp examinations, and 

indirect ophthalmoscopy examinations. The BCVA was mea-

sured monocularly using a Japanese standard Landolt ring 

chart (System Charts SC-2000 Nidek Instruments, Gamagori, 

Japan) at a distance of 5 m. The decimal visual acuities 

were converted to the logarithm of the minimum angle of 

resolution (logMAR) units for the statistical analyses. Only 

patients with grade 2 cataract based on the Emery–Little 

classification7 were studied.

None of the patients had any other ocular abnormalities 

in the anterior segment, media, and fundus except cataract. 

Patients with diabetes mellitus and with refractive errors (spher-

ical equivalents) greater than ±6 diopters were excluded.

Flicker ERGs were recorded with the RETeval system 

(LKC Technologies) from all patients before and after 

mydriasis. We used 0.5% tropicamide and 0.5% phenyleph-

rine (Sandol P; Nitten Pharmaceutical Co. Ltd., Aichi, Japan) 

to dilate the pupils. All ERGs were recorded after 30 minutes 

after mydriasis. The pupil size of all patients ranged from 2 

to 4 mm during the ERG recordings before mydriasis, and 

only cases with a pupil diameter $8 mm after the mydriasis 

were included in this study.

Skin electrodes were used to pick up the ERGs that were 

elicited by white light delivered at the frequency of 28.3 Hz 

and intensity of 2, 8, and 32 Td-s. No background light was 

used. The contralateral eye was patched during the record-

ings. The amplitudes and implicit times of the fundamental 

component were automatically extracted and displayed by 

the RETeval system using an embedded algorithm.

Wilcoxon signed-rank tests were used to determine the 

significance of the differences in the amplitudes and implicit 

times of the flicker ERGs. A P-value of ,0.05 was consid-

ered as statistically significant.

Results
We studied 41 eyes of 41 patients (21 men and 20 women) 

whose mean age was 76.5±7.3  years with a range of 

62–88  years. The mean BCVA was 0.35±0.31 logMAR 

units. The mean pupil size before and after mydriasis were 

2.33 and 8.56 mm, respectively. Seventeen eyes had nuclear 

cataracts and 24 eyes had cortical cataracts (Table 1). Repre-

sentative flicker ERGs elicited by intensity before and after 

mydriasis are shown in Figure 1.

For all eyes, the mean amplitude and implicit times 

before mydriasis were 2.7±1.3 µV and 39.6±2.3 ms with 

2 Td-s, 9.2±3.7 µV and 35.9±1.7  ms with 8 Td-s, and 

15.3±4.6 µV and 31.7±1.8 ms with 32 Td-s. The mean ampli-

tude and implicit times after mydriasis were 2.8±1.6 µV 

and 39.7±2.2 ms with 2 Td-s, 9.0±4.7 µV and 35.8±1.8 ms 

with 8 Td-s, and 15.5±5.5 µV and 31.9±2.3 ms with 32 Td-s 

(Tables 2 and 3). The mean amplitudes before mydriasis 

Table 1 Demographics of patients studied

n

Number of eyes 41
Age (years) 76.5±7.3
Sex (male/female) 21/20
LogMAR visual acuity 0.35±0.31
Types of cataract (cortical/nuclear) 24/17

Note: Data are expressed as mean ± SD.
Abbreviation: LogMAR, logarithm of the minimum angle of resolution.
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were not significantly different from those after mydriasis 

for all stimulus intensities (P=0.35, 2 Td-s; P=0.31, 8 Td-s; 

P=0.50, 32 Td-s). The mean implicit times before mydriasis 

were not significantly different from those after mydriasis 

for all stimulus intensities (P=0.86, 2 Td-s; P=0.98, 8 Td-s; 

P=0.95, 32 Td-s).

For eyes with cortical cataract, the mean amplitude 

and implicit times before mydriasis were 2.9±1.4 µV and 

39.2±2.1  ms with 2 Td-s, 10.0±4.2 µV and 35.8±1.5  ms 

with 8 Td-s, and 15.7±5.1 µV and 31.6±1.8 ms with 32 Td-s. 

The mean amplitude and implicit times after mydriasis were 

2.8±1.8 µV and 39.5±2.1 ms with 2 Td-s, 10.0±5.4 µV and 

35.7±1.7 ms with 8 Td-s, and 16.2±6.1 µV and 31.8±1.8 ms 

with 32 Td-s (Tables 4 and 5). The mean amplitudes before 

mydriasis were not significantly different from those after 

mydriasis for all stimulus intensities (P=0.47, 2 Td-s; P=0.67, 

8 Td-s; P=0.35, 32 Td-s). The mean implicit times before 

mydriasis were not significantly different from those after 

Figure 1 Representative flicker ERGs recorded with the RETeval system elicited by intensities of 2 (A, D), 8 (B, E), and 32 (C, F) Td-s before (A–C) and after (D–F) 
mydriasis.
Notes: Dotted lines are the superimposed fundamental components extracted by the RETeval system. Black lines are the actual waveforms.
Abbreviation: ERG, electroretinogram.

Table 2 Amplitudes of flicker ERGs recorded before and after 
mydriasis elicited by stimulus intensities of 2, 8, or 32 Td-s

Intensity 
(Td-s)

Before 
mydriasis (μV)

After 
mydriasis (μV)

P-value

2 2.7±1.3 2.8±1.6 0.35
8 9.2±3.7 9.0±4.7 0.31
32 15.3±4.6 15.5±5.5 0.50

Note: Data are expressed as mean ± SD.
Abbreviation: ERG, electroretinogram.

Table 3 Implicit times of flicker ERGs recorded before and after 
mydriasis elicited by intensities of 2, 8, or 32 Td-s

Intensity 
(Td-s)

Before 
mydriasis (ms)

After 
mydriasis (ms)

P-value

2 39.6±2.3 39.7±2.2 0.86
8 35.9±1.7 35.8±1.8 0.98
32 31.7±1.8 31.9±2.3 0.95

Note: Data are expressed as mean ± SD.
Abbreviation: ERG, electroretinogram.
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mydriasis for all stimulus intensities (P=0.44, 2 Td-s; P=0.90, 

8 Td-s; P=0.98, 32 Td-s).

For eyes with nuclear cataracts, the mean amplitude 

and implicit times before mydriasis were 2.5±1.1 µV and 

40.0±2.6 ms with 2 Td-s, 8.1±2.6 µV and 36.0±2.1 ms with 

8 Td-s, and 14.7±3.9 µV and 31.7±2.0  ms with 32 Td-s. 

The mean amplitude and implicit times after mydriasis were 

2.7±1.3 µV and 40.0±2.2 ms with 2 Td-s, 7.6±3.0 µV and 

35.8±2.0 ms with 8 Td-s, and 14.6±4.4 µV and 32.2±2.9 ms 

with 32 Td-s (Tables 6 and 7). The mean amplitudes before 

mydriasis were not significantly different from those after 

mydriasis for all stimulus intensities (P=0.49, 2 Td-s; P=0.19, 

8 Td-s; P=0.70, 32 Td-s). The mean implicit times before 

mydriasis were also not significantly different from those 

after mydriasis for all stimulus intensities (P=0.48, 2 Td-s; 

P=0.90, 8 Td-s; P=0.99, 32 Td-s).

Discussion
Some earlier studies had shown that cataracts reduced the 

response density of multifocal ERGs (mfERGs) in the 

macular region but increased the peripheral mfERGs due 

to light scattering.8,9 Another study reported that different 

types of cataracts had different light scatter characteristics.10 

Hence, we assumed that the effect of light scattering would 

be different if the pupil diameters were different in the ERGs 

recorded from cataractous eyes. These differences can then 

affect the ERG waveforms. However, our results showed 

that there were less significant differences between the 

amplitudes and implicit times before and after mydriasis in 

cases with grade 2 cataract. This indicates that even if the 

pupil diameter is changed, the effect of the cataract on the 

amplitudes and implicit times of the RETeval flicker ERGs 

is not changed.

Our previous study showed that the amplitudes and implicit 

times did not differ significantly between the two types of 

cataracts in the mydriasis-free recording conditions. In this 

study, we divided the eyes into those with cortical cataract 

and those with nuclear cataract and investigated the effects of 

mydriasis on the amplitudes and implicit times. The results 

showed that the mean amplitudes and implicit times of eyes 

with either nuclear or cortical cataract before mydriasis were 

not significantly different from those after mydriasis for all 

stimulus intensities. These results indicated that the differences 

in the type of cataracts and their effect on light scattering had 

no effect on the components of the flicker ERGs in the mydria-

sis conditions when examining the RETeval flicker ERGs.

The effect of pupil size on RETeval flicker waveform was 

reported in the previous study.11 The authors reported that 

the implicit times of the RETeval flicker ERGs in healthy 

subjects were significantly prolonged when the pupil was 

larger than ~6.5 mm. In our study, the mean implicit times 

before mydriasis were not significantly different from those 

after mydriasis, which is contrary to the other result. The exact 

reason for this discrepancy was not determined, but possible 

reasons might be differences in the age and the presence of 

the cataract because the earlier study examined healthy volun-

teers whose median age was 33 years. The authors presumed 

that the Troland values overestimate the effective retinal 

illumination in photopic ERG examination and that would 

be dimmer than the specified Troland value with dilated 

Table 4 Amplitudes of flicker ERGs of patients with cortical 
cataract recorded before and after mydriasis elicited by stimulus 
intensities of 2, 8, or 32 Td-s

Intensity 
(Td-s)

Before 
mydriasis (μV)

After 
mydriasis (μV)

P-value

2 2.9±1.4 2.8±1.8 0.47
8 10.0±4.2 10.0±5.4 0.67
32 15.7±5.1 16.2±6.1 0.35

Note: Data are expressed as mean ± SD.
Abbreviation: ERG, electroretinogram.

Table 5 Implicit times of flicker ERGs of patients with cortical 
cataract recorded before and after mydriasis elicited by stimulus 
intensities of 2, 8, or 32 Td-s

Intensity 
(Td-s)

Before 
mydriasis (μV)

After 
mydriasis (μV)

P-value

2 39.2±2.1 39.5±2.1 0.44
8 35.8±1.5 35.7±1.7 0.90
32 31.6±1.8 31.8±1.8 0.98

Note: Data are expressed as mean ± SD.
Abbreviation: ERG, electroretinogram.

Table 6 Amplitudes of flicker ERGs of patients with nuclear 
cataract recorded before and after mydriasis elicited by stimulus 
intensities of 2, 8, or 32 Td-s

Intensity 
(Td-s)

Before 
mydriasis (μV)

After 
mydriasis (μV)

P-value

2 2.5±1.1 2.7±1.3 0.49
8 8.1±2.6 7.6±3.0 0.19
32 14.7±3.9 14.6±4.4 0.70

Note: Data are expressed as mean ± SD.
Abbreviation: ERG, electroretinogram.

Table 7 Implicit times of flicker ERGs of patients with nuclear 
cataract recorded before and after mydriasis elicited by intensities 
of 2, 8, or 32 Td-s

Intensity 
(Td-s)

Before 
mydriasis (ms)

After 
mydriasis (ms)

P-value

2 40.0±2.6 40.0±2.2 0.48
8 36.0±2.1 35.8±2.0 0.90
32 31.7±2.0 32.2±2.9 0.99

Note: Data are expressed as mean ± SD.
Abbreviation: ERG, electroretinogram.
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pupils because of the Stiles–Crawford effect. Based on their 

hypothesis and our results, light scattering due to cataract 

may offset the Stiles–Crawford effect in this study.

There are few limitations in this study. First, only flicker 

ERGs were investigated, and other types of ERGs, eg, full-

field, mfERGs, and focal ERGs were not studied. It should 

be remembered that the RETeval system can elicit and record 

ERGs with other parameters. The other types of ERGs can 

be elicited from the cone system, which are also affected by 

cataracts. Although the effect of cataract on the ERGs elicited 

from the rod system is not known, it is estimated that the 

influence of cataract on the waveform become larger when 

the light intensity is weak.

Second, the retinal illuminance of the stimulus was lower 

than the International Society for Clinical Electrophysiology 

of Vision (ISCEV) standard for flicker stimulation.12 The 

reason why we chose 2, 8, and 32 Td-s in this study was that 

8 Td-s was the RETeval’s default settings for flicker ERGs 

for nondilated eyes. The primary aim of this study was to 

investigate the impact of cataracts and pupil sizes at the flash 

illuminance near the default of 8 Td-s when examining the 

RETeval flicker ERGs. However, RETeval can record flicker 

ERGs conforming to the ISCEV standard using a stronger 

light intensity. Our previous study showed that as the stimulus 

intensity increases, the implicit times are less affected by a 

cataract. Thus, the influence on the waveform by cataracts is 

thought to be less, especially, for implicit time with stronger 

light intensity. If mydriasis is possible and it is not the pur-

pose of detecting sensitive retinal ischemia, the examination 

with mydriasis and stronger flicker stimuli such as that of the 

ISCEV standard may reduce the influence of lens opacity on 

the ERGs. The effects of cataracts on the flicker ERGs elicited 

by stronger light intensities need to be studied.

Third, only subjects with grade 2 Emery and Little cata-

racts that are described as being “semisoft and yellowish 

white,” which means that they were comparatively mild lens 

opacities, were studied. These grade 2 cataracts were studied 

because it was found that grade 2 cataracts had a significant 

effect on the amplitudes and implicit times of RETeval flicker 

ERGs. In our previous study, we also targeted subjects with 

grade 2 cataract. It is estimated that changes in the waveform 

will also increase if a more dense cataract is used; however, 

it is unknown how it differs from this result. Further inves-

tigations are needed.

Conclusion
The lack of significant differences in the amplitudes and the 

implicit times of the flicker ERG of cataractous eyes before 

and after mydriasis indicated that the RETeval flicker ERGs 

in cataractous eyes are less affected by the pupil diameter. 

It was assumed that the effects of cataracts on the RETeval 

flicker ERGs were due to the opacity of the crystalline lens, 

and the influence of the cataract would not be reduced or 

increased by mydriasis.
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