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Abstract

The repeatability of data collected during clinical
or research measurements needs to be considered
by clinicians and researchers. Conclusions made
relating to such measurements might be influenced
improperly if an instrument proves to not be repeat-
able or accurate. The aim of this study was to inves-
tigate the within-subject repeatability of scotopic
electroretinogram (ERG) measurements. Ten ERG

recordings were recorded for each eye from six
volunteers using a CSO Retimax electrophysiol-
ogy system. Only one eye was dilated. The results
of'this study support other researchers in their cau-
tious approach regarding repeated ERG measure-
ments. (S Afr Optom 2012 71(2) 64-69)
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Introduction

The fact that a flash of light presented to an eye will
elicit a characteristic electrical response from such an
eye has been accepted for over a century!-2, The char-
acteristic electrical response is known as the electro-
retinogram (ERQG). The ERG is variously defined as:
“Recording of mass electrical response of the retina
when it is stimulated by light”3 or “The action po-
tential recorded from the surface of the eyeball and
originated by a pulse of light’4. The ERG can be
used in numerous investigations of retinal function
like: the effects of amblyopia on the retina, myopia
effects on the retina, disease, genetic influences and
ganglion cell function among others? 3- 6. An ERG
can take various forms (for example: rod ERG, stand-
ard combined ERG, oscillatory potential, single-flash
cone ERG, multifocal ERG, scotopic threshold re-
sponse ERG and others)*. As with any such test the
repeatability of the data acquired is an important as-
pect influencing the confidence with which clinicians
and researchers use such data. The effects of clini-
cal disease, therapeutic intervention, research inter-
vention or time effects on ERG data need to be able
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to be distinguished from any possible inherent vari-
ability within the instrument (technological error).
Normally present, physiological variation (biological
error) also needs to be distinguished from “treatment-
related” change. Hopkins’ states that “measurement
error” encompasses all types of variation in measure-
ments from whatever source. Repeatability is defined
as: “closeness of the agreement between the results
of successive measurements of the same measurand
carried out under the same conditions of measure-
ment”8. The conditions of repeatability include: “the
same measurement procedure, the same observer, the
same instrument used under the same conditions, the
same location, and, the repetition needs to be over a
short period of time”8. Bland and Altman®- 10 empha-
size that multiple measurements (of the same meas-
ure) taken of the same subject will not be the same
and also that the errors that occur in measurements
need to be quantified. Having some understanding of
the error within measurements enables one to decide
if changes in measurements are real. As Hess!! et a/
state “normal eyes display a substantial degree of var-
iability across subjects for psychophysical thresholds

as well as pattern ERG amplitude”.
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The repeatability of various aspects of the ERG
has been investigated by numerous authors. The in-
fluence of different types of electrode on repeatability
have been reported!2 13. The effects of digital filtering
on the intra-session repeatability of the pattern ERG
have been investigated, at least partly due to the opin-
ion that inadequate attention has been given to pat-
tern ERG repeatability!4. Holopigian et al'3, report-
ing on the variability of the pattern ERG, state that
one must be careful in evaluating data from this tech-
nique and that caution needs to be taken in its clinical
use. Holopigian et al'> were of this opinion after they
found that intra-session variability in pattern ERG
measurements “remained high”. The terms variation
and repeatability seem to be used interchangeably by
various authors. In this study the premise that excess
variation in measurements is an indication of poor re-
peatability of those measurements is accepted.

The aim of this study was to investigate the with-
in-subject repeatability of scotopic (rod) flash ERG
measurements.

Method

Six volunteers gave their informed consent to par-
ticipate in this study. All subjects were treated ac-
cording to the tenets of the declaration of Helsinki.
Subjects were final year optometry students of the
University of Johannesburg aged between 21 and 23
years. Three females and three males participated.
Measurements were obtained using a CSO Retimax
Plus electrophysiology system. Scotopic flash ERG
recordings were obtained from each subject. As flash
ERG measurements were obtained subjects wore no
refractive compensation!. Each flash was presented at
3 cd/m?, at 0.5 Hz and with an acquisition time of 250
ms. Five events (flashes) were used to generate each
ERG. Mydriasis was induced in one eye using my-
driacyl (each subject chose the eye they wanted dilat-
ed). Measurements were obtained from each subject
at approximately the same time of day. Subjects were
dilated as this study was multi-faceted. One aspect of
the study was to compare the effects of dilation versus
non-dilation on the ERG while the other was to inves-
tigate the repeatability of multiple flash ERG record-
ings. Before being seated in the dark each subject had
the relevant electrodes attached to the lateral side of
each orbit with a reference electrode attached above
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the nose on the forehead. Prior to attaching the elec-
trodes the appropriate patch of skin was cleaned with
Nuprep abrasive gel. Each electrode was attached us-
ing Ten20 conductive EEG paste and micropore surgi-
cal tape. The H-R ocular electrode was attached later
after dark adaptation had taken place. Each subject sat
in a dark room for 25 minutes to allow dark adapta-
tion to take place. At the appropriate time, using red
light in the darkened room, the H-R electrodes were
applied to each eye. The impedance of each electrode
was then checked and had to be below 10 Ohms (ac-
cording to the manufacturer’s instructions). At this
point the ERG was started and was conducted in a
dark room. A total of ten scotopic flash ERG record-
ings were produced for each subject (the ERGs for
both eyes were recorded simultaneously resulting in a
total of twenty ERG plots per subject).

Results

Figure 1 gives an example of an ERG recording
that was obtained during this study and ten such re-
cordings were produced for each subject. Included are
the ERG plots and the associated amplitudes and im-
plicit times for the B and C peak/troughs of each plot.
The amplitudes and implicit times were used as data
in the repeatability investigation in this study. The B,
peak and C, trough are indicated on each ERG plot.
Table 1 shows the mean, minimum measurement,
maximum measurement and standard deviation of the
B1 amplitudes (in micro-volts) of the ten recordings
obtained for each eye of each subject.

Table 1: The mean B amplitude, minimum measurement, max-
imum measurement and standard deviation of ten recordings
for each eye of each subject are given. Values are recorded in
micro-volts. UD indicates the un-dilated eye while D indicates
the dilated eye for each subject (this applies to all tables unless
stated otherwise).

Subject Mean Minimum | Maximum Standard deviation
1UD 159.67 97.61 189.91 28.94
1D 207.07 184.19 228.67 16.92
2UD 109.81 104.30 119.03 4.42
2D 149.61 144.77 154.46 3.06
3UD 42 .47 —0.51 61.88 16.57
3D 56.15 38.24 7775 11.03
4UD 149.06 58.83 22598 4323
4D 191.23 48.29 24995 76.01
5UD 194.91 178.92 212.07 10.10
5D 140.92 129.88 160.29 8.15
6UD 103.53 31.25 156.02 42.01
6D 152.48 114.33 177.41 19.35
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Figure 1: An example of an ERG recording obtained during this study. Included are the ERG plots and the amplitudes
and implicit times for the B and C peak/troughs for each eye. The position of the B peak and C; trough is indicated.

Figure 2 shows a box and whisker plot of the B,
amplitudes for each subject. The mean and its stand-
ard error and the standard deviation for each set of
ten measurements are shown and are indicated on the
graph by means of a small square, a box, and whiskers
(tails) respectively. An indication of the magnitude of
the standard error and the standard deviation is given
by the size of the box and length of the whiskers.

Tables 2-4 provide the same information as that
presented in Table 1 for B, implicit time, C, ampli-
tude and C, implicit time respectively. Figures 3-5
present the B, implicit times, C, amplitudes and C,
implicit times (as box and whisker plots) for each
subject respectively. Figure 6 shows one example of
a graphical representation of the data collected from
subject 1 for the un-dilated eye and includes one set
of ten measurements.
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Figure 2: Abox and whisker plot (of B; amplitudes measured in
micro-volts) for each subject is shown. Subjects are labeled S1,
S2 etc with UD indicating the un-dilated eye and D indicating the
dilated eye. The means, standard errors and standard deviations
for all eyes are included.
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The variation seen in the ten measurements is rep-
resentative of other subjects. The descriptive statistics
for the data shown in Figure 6 are summarized in Ta-
ble 1 (subject 1UD). Tables 2-4 provide the consoli-
dated descriptive statistics for the remaining data.

Table 2: The mean By implicit time, minimum, maximum and
standard deviation of ten recordings for each eye of each subject

are given. Values are recorded in milliseconds.

Subject Mean Minimum | Maximum Standard deviation
1UD 159.67 97.61 189.91 28.94
1D 207.07 184.19 228.67 16.92
2UD 109.81 104.30 119.03 442
2D 149.61 144.77 154.46 3.06
3UD 42.47 —0.51 61.88 16.57
3D 56.15 38.24 77.75 11.03
4UD 149.06 58.83 22598 43.23
4D 191.23 48.29 24995 76.01
5UD 194.91 178.92 212.07 10.10
5D 140.92 129.88 160.29 8.15
6UD 103.53 31.25 156.02 42.01
6D 152.48 114.33 177.41 19.35

Table 3: The mean C; amplitude, minimum, maximum and
standard deviation of ten recordings for each eye of each subject
are given. Values are recorded in micro-volts.

Subject Mean Minimum | Maximum Standard deviation
1UD =73.05 | -180.24 28.79 59.56
1D —211.05 | —249.70 -112.98 49.87
2UD —59.84 | -68.99 —50.58 6.20
2D -66.10 —71.31 -57.70 5.56
3UD -16.66 | —23.00 —-12.81 3.92
3D -10.83 | -25.99 13.54 14.65
4UD —93.82 | -168.81 39.61 43.87
4D —99.23 | -212.29 —29.52 61.61
5UD —9541 |-115.60 —65.32 15.85
5D —59.86 | -75.98 9.90 25.86
6UD -114.13 | -182.26 39.65 74.13
6D -1037 | -107.74 78.64 52.78
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Table 4: The mean C; implicit time, minimum, maximum and Murray and Lawrencel6 emphasize the importance
standard deviation of ten recordings for each eye of each subject o f repeatability of multiple measurements when they
are given. Values are recorded in milliseconds. state: “Tests with good repeatability are generally

Subject | Mean Minimum | Maximum | Standard deviation better than those with poor repeatability, as they give
1UD 169.77 | 156.74 179.69 7.43 similar results when repeated on the same patient.
D LS| laeso L8222 4.4 However, there is some confusion about how repeat-
2UD 196.53 | 192.87 199.22 2.58 . .
D 196.09 | 190.92 199.20 318 ability data should be presented”. Bland!7 makes the
3UD 196.43 | 190.92 199.22 2.93 following observation: “...most clinical measure-
S Iood | Lksks 125520 2.8l ments cannot be taken at face value without some con-
4UD 177.34 150.39 196.78 15.21 id ion bei . ¢ » Withi biect stand
4D 17251 | 13818 19972 2266 sideration being given to error”. Within subject stand-
5UD 182.42 | 140.14 199.22 22.25 ard deviation can be used as an indicator of spread
5D 178.08 | 121.09 187.50 20.15 of data (variation, and thereby can be an indicator of
6UD 175.88 | 126.46 L 12 2] repeatability), however, the standard deviation needs
6D 187.79 | 159.18 199.22 17.45 peatabtiily), HoOwever,
to be independent of the mean of the set of measure-
100 ments'?. Numerous authors make use of the coefficient
% e of variation to further (and in addition to standard de-
%5 5 Mean viation) evaluate and/or clarify the level of repeatabil-

ity of multiple measurments!2: 15. 1820, Bland!” defines
the coefficient of variation as the standard deviation
- divided by the mean. The coefficient of variation is a
dimensionless number and is more suitable when com-
paring sets of data which have largely different means.
The data collected in this study were subsequently also
evaluated using the coefficient of variation.
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Figure 3: A box and whisker plot (of B; implicit times measured
in milliseconds) for each subject is shown. 185
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Figure 5: A box and whisker plot (of C; implicit times meas-
a2 ured in milliseconds) for each subject is shown.
-200 s . o
Table 5 shows the coefficients of variation for each
o subject for the amplitudes and implicit times of the B
and C components of the ERGs recorded (some au-
-300 thors indicate the coefficient as a percentage and to
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Figure 4: A box and whisker plot (of C; amplitudes measured in
micro-volts) for each subject is shown.
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do so with this data merely multiply each coefficient
in table 5 by 100).

Table 5: Coefficients of variation for each subject for amplitude

and implicit times.

Subject | B amp B time C; amp Cy time
1UD 0.18 0.07 0.82 0.04
1D 0.08 0.05 0.24 0.02
2UD 0.04 0.06 0.10 0.01
2D 0.02 0.04 0.08 0.02
3UD 0.39 0.05 0.24 0.01
3D 0.20 0.06 1.35 0.01
4UD 0.29 0.06 0.47 0.09
4D 0.40 0.10 0.62 0.13
5UD 0.05 0.09 0.17 0.12
5D 0.06 0.03 0.43 0.11
6UD 0.41 0.07 0.65 0.13
6D 0.13 0.13 5.09 0.09
210
190
170
150
130
110
90
1 2 3 4 5 L} 7 8 9 10

Figure 6: One example of a plot showing the ten data points of
B; amplitude (measured in micro-volts) for subject 1 (un-dilated
eye). The data are summarized in Table 1 (subject SIUD). The
variation in measurements is representative of other measures.
The y-axis indicates B; amplitude while the x-axis indicates
measurement number. The variability in the measurements is

noticeable.
Discussion

Multiple scotopic flash ERG recordings were
obtained from six volunteers in an attempt to quan-
tify the variation (thereby repeatability) that occurs
in measurements of this type. Each subject had ten
ERG recordings taken (resulting in ten ERG plots per
eye) and these were used as data in this study. Data is
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presented by means of descriptive statistics, box and
whisker plots and coefficients of variation. Tables 1-4
and Figures 2-5 present the descriptive statistics and
box and whisker plots for the B; amplitude and im-
plicit time and C,; amplitude and implicit time respec-
tively for each subject. Each box and whisker plot
gives a visual indication of the difference in means
between the undilated and dilated eye, the difference
in standard error as well as the difference in stand-
ard deviation. In many instances the differences seem
obvious. It needs to be remembered that hypothesis
testing was not conducted on this data and so no con-
clusion can be made regarding whether differences
are significant or not. What can be determined from
the box and whisker plots is the apparent difference
in variation in the data for some subjects (as indicated
by the length of the whiskers) as opposed to other
subjects as well as the difference within subjects. An
example of within subject variation can be seen in
Figure 1 where the plots for subject 4 show a large
difference in standard deviation between the undilat-
ed and dilated eye. The difference between subjects
can be appreciated in the plots for subject 2 when
compared with the plots for subject 4. Similar differ-
ences can be appreciated in Figures 3-5.

Table 5 presents the coefficients of variation for
B, amplitude and implicit time and C; amplitude and
implicit time for each subject. Taking an arbitrary
value of 0.1 as a cut-off point B; and C; amplitudes
have more sets of measurements with a coefficient of
variation greater than 0.1 indicating that more vari-
ation occurred in amplitude measurements than im-
plicit time measurements (also indicating reduced or
poorer repeatability). Does this mean that amplitude
measurements in scotopic ERGs taken with this in-
strument need to be considered differently than im-
plicit time? Investigating the effects of different ERG
electrodes on variability of measurements Mohidin
et al'? showed coefficients of variation to range from
0.15-0.23 while Bayer et a/'3, investigating electrode
effects on rodents, found coefficients of variation to
range between 0.10 and 0.28. Coefficients of varia-
tion ranging from 0.02 to 7.0 were found by Bartel
et al'* when investigating the intra-session repeat-
ability of pattern ERG recordings. In another study
investigating pattern ERGs Holopigian et al'> showed
coefficients of variation to extend from 0.22 to 0.41
for different electrode configurations. As indicated in
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the introduction, Holopigian et al'3 stress the need
for caution when using pattern ERG data in the clini-
cal setting as variability of measurements “remained
high”. Numerous coefficients of variation for subjects
in this study are greater than those found in Holo-
pigian et al’s study (see Table 5). Other researchers
have found similar dispersion of coefficients of varia-
tion when investigating inter-session and inter-ocular
ERG measurements!’- 18, In this particular study the
data showing the greatest variation in measurements
is C; amplitude followed by B; amplitude. If one
takes an arbitrary value for a coefficient of variation
0f'0.40 then C; amplitude shows the greatest variation
with the most subjects above 0.40 (see table 5).

Variation in biological measurements is normal
and needs to be considered when assessing research
and clinical data. This study suggests that ERG am-
plitude measurements and ERG implicit time meas-
urements, obtained with this CSO electrophysiology
system, might need to be approached differently (and
with caution) when considering any variation (or re-
peatability issues) that might occur in repeat meas-
ures of scotopic flash ERGs.
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