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Abstract
Purpose To investigate whether a conventional, monitor-
based multifocal visual evoked potential (mfVEP) system
can be used to record steady-state mfVEP (ssmfVEP) in
healthy subjects and to study the effects of temporal frequen-
cy, electrode configuration and alpha waves.
Methods Multifocal pattern reversal VEP measurements were
performed at 58 dartboard fields using VEP recording equip-
ment. The responses were measured using m-sequences with
four pattern reversals per m-step. Temporal frequencies were
varied between 6 and 15 Hz. Recordings were obtained from
nine normal subjects with a cross-shaped, four-electrode de-
vice (two additional channels were derived). Spectral analyses
were performed on the responses at all locations. The signal to
noise ratio (SNR) was computed for each response using the
signal amplitude at the reversal frequency and the noise at the
neighbouring frequencies.
Results Most responses in the ssmfVEP were significantly
above noise. The SNR was largest for an 8.6-Hz reversal
frequency. The individual alpha electroencephalogram
(EEG) did not strongly influence the results. The percentage
of the records in which each of the 6 channels had the largest
SNR was between 10.0 and 25.2 %.
Conclusion Our results in normal subjects indicate that reli-
able mfVEP responses can be achieved by steady-state stim-
ulation using a conventional dartboard stimulator and multi-
channel electrode device. The ssmfVEP may be useful for

objective visual field assessment as spectrum analysis can be
used for automated evaluation of responses. The optimal re-
versal frequency is 8.6 Hz. Alpha waves have only a minor
influence on the analysis. Future studies must include com-
parisons with conventional mfVEP and psychophysical visual
field tests.
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Introduction

Multifocal visual evoked potentials (mfVEPs) can be used to
assess the visual function of the central visual field [1]. The
method may be an objective electrophysiological tool for de-
tection of visual field losses [2–7]. Recent studies have re-
vealed the presence of topographical associations between
losses in mfVEP and structural damages in patients with optic
nerve disorders [4, 8, 9, 10]. In mfVEPs, the electrical re-
sponses elicited by locally presented pattern reversals are re-
corded. Figure 1a shows an example of a conventional mfVEP
in a normal subject as measured with commercial equipment.
Pattern reversal dartboard stimuli for evaluation of transient
signals were presented monocularly on a thin-film transistor
(TFT) flat screen. The mfVEP can be recorded from the skull
by placing a number of electrodes at different positions [11,
12]. Different configurations have been suggested to optimize
amplitudes for the position and number of the electrodes as
measurements at the brain are considerably influenced by an-
atomical features of the brain and their inter-individual vari-
ability [12, 13]. To reduce the influence of the cortical shape
on waveform and magnitude of the signals, multichannel re-
cordings for mfVEP measurements are recommended [12].
The best of the recorded signals from these channels, e.g.,
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defined by the largest signal-to-noise ratios (SNR), can then
be automatically selected by the analysis software. The SNR
in the conventional mfVEP considers the signal amplitude in a
predefined time window after pattern reversal in which the
VEP response is expected to appear in relation to a part of
the recording in which no response is elicited and the record-
ing, thus, is solely determined by noise. The SNR data can be
used not only for selection of the optimal electrode channel
but also as a measure of the response quality and for correla-
tion analysis with results from other ophthalmological proce-
dures (e.g., perimetry) [8, 14, 15]. Figure 2a (topmost trace)
shows an example of a singlemfVEP response as obtained at a
single location. The analysis time in this example (retiscan,
LT4 protocol) was 500 ms, allowing the identification of a
response (between 0 and 200 ms) and a noise period (between
300 and 500 ms after pattern reversal) [14, 16] .

Thus, in conventional setups the quantification of the SNR
uses the voltage levels in different time windows in the pres-
ence or absence of a signal. An alternative procedure to

separate signal and noise is offered by spectral analysis of
steady-state signals with reversal rates that are so high that
most energy of the response is concentrated at the reversal
frequency. After Fourier transform of the recordings, the
SNR values at all measured channels can be computed by
using the signal amplitude at the reversal frequency and the
noise defined as the averaged amplitudes at the neighbouring
frequencies where no response is elicited.

The interest in steady-state multifocal VEPs (ssmfVEPs)
[17–20] has been recently raised with the growing interest in
‘brain–computer interface’ (BCI) systems, where brain-
controlled machine activities are under visual control because
the gaze direction can be determined based on VEP responses.
For example, a wheelchair could be controlled by gazing at
different patches with pattern reversals at different frequencies
[21] (e.g., 13 Hz=driving left, 14 Hz=driving right, etc.). In
contrast to the multi-frequency [22] technique in which appro-
priate devices are needed to present different frequencies at
different locations, the stimulus frequency in the mfVEP is the

Fig. 1 Conventional mfVEP (a) and a steady-state mfVEP (b) from the
same left eye of one participant (female subject: CR) measured with the
RETIscan system (Roland Consult, Germany). The ssmfVEP was
measured 24 days after the conventional mfVEP (both: 9.00 a.m.). Both
methods used the same spatial configuration (dartboard stimulus),
position of the electrodes, and number of averaged cycles. (c) Scatter
plot of peak-to-peak amplitudes (i.e., twice the fundamental
component) of ssmfVEP vs. peak-to-trough amplitudes of conventional

mfVEP. Amplitudes from steady-state stimulation were defined as the
amplitude at the reversal frequency after spectral analysis of the signal
(7.5 Hz). Peak-to-trough amplitudes in the conventional mfVEP were
automatically determined by the commercial software ('RETIscan', LT4
protocol: ‘best of’mode). The correlation coefficient between amplitudes
from both methods was highly significant (Spearman: p<0.001). (d)
Measurement setting with a TFT stimulator and four-channel mounting
device
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same at all test locations and m-sequence technique is used.
For an optimal use of the ssmfVEP as a brain–computer in-
terface it is crucial that the conditions resulting in VEPs with
maximal SNRs are known.

It is, however, not known if a conventional monitored-
based setup can be used to measure ssmfVEPs. There are
neither general guidelines for the optimal temporal frequency
and electrode configuration. A possible further problem with
steady-state measurements is that alpha waves of the electro-
encephalogram (EEG) can contain large components at the
reversal frequencies (between 5 and 15 Hz) for VEP measure-
ments, thereby possibly interfering with the VEP signal [23].
The purpose of the present study was, therefore, to investigate
whether a conventional monitor-based mfVEP systemwith an
m-sequence technique can be used to record ssmfVEP in
healthy subjects. Steady-state responses to different reversal
frequencies were measured and the optimal temporal frequen-
cy, defined as the frequency with the largest SNR, was deter-
mined. Furthermore, the effects of electrode configuration and
alpha EEG were studied.

Methods

Steady-state mfVEP recordings

Stimulus

A standard pattern-reversal dartboard stimulus with 58
fields was presented monocularly on a 19-inch TFT flat
screen ('RETIsystem', Roland Consult, Brandenburg).
The dartboard stimulus (radius: 30°) had 5 rings with 12
pattern reversal fields (8 black and 8 white check elements

each) and two nasal wings (43°). The angles between fix-
ation and centre of the stimulus fields were: 2.3°, 5.3°,
10.2°, 16.7°, 24.7°, and 36.6°. The stimulus monitor
('ProLite X 486S', Iiyama, Japan) revealed a short reaction
time (2 ms), a high ratio between maximal and minimal
luminance (700:1) at nominal 100 % contrast and a high
mean luminance (361 cd/m2) that was used during the ex-
periments. The maximal spatial deviation from the mean
luminance was 16 % in the area of the dartboard stimulus.
A detailed description of the present monitor and a com-
parison with a conventional monitor has been given earlier
[24] . The optimally refracted subjects were instructed to
fixate on a ‘running’ text (150 words) in the middle of the
stimulus area (distance: 25 cm). The measurements were
made with natural pupils.

A monitor with a 60-Hz frame rate was used and,
therefore, temporal stimulation at multiples of the frame
frequency was possible. Table 1 presents all pattern re-
versal characteristics that were studied in the present in-
vestigation. All ssmfVEP recordings were made with m-
sequence multifocal stimulation with four reversals per
m-step in every stimulated area. Thus, the length of a
single m-response (Fig. 2b) varied between 266.6 and
666.6 ms. The time to perform one cycle, containing
256 m-steps, was between 68.3 s (at 15 Hz) and
170.7 s (at 6 Hz). Each measurement included 8 contin-
ued cycles (separated by an approximately 20-s rest pe-
riod). The 6-Hz measurements were performed in 3 sub-
jects only. The other subjects skipped 6-Hz testing be-
cause the recording time was too long, increasing the
risk of fatigue. To avoid fatigue of the subjects, maxi-
mally two mfVEP measurements were completed per
session. Only one session was performed per day.

Fig. 2 Examples of local
responses in the conventional
mfVEP (a) and in steady-state
mfVEP (b) measured in the same
eye at different sessions (stimulus
location: nasal inferior, innermost
ring). The steady-state
measurements always used four
pattern reversals

Graefes Arch Clin Exp Ophthalmol (2016) 254:259–268 261



VEP recording

VEPs were recorded using four different electrodes placed on
the subject’s skull using a cross-shaped electrode fixation de-
vice (positioned relative to the inion: 3.5 cm above, 3 cm
below, and 4 cm to the left and right) [6]. Signals from four
electrode pairs were differentially amplified. Biosignals were
digitized with a 1-kHz sampling frequency and band pass
filtered with 1- and 100-Hz cut-off frequencies. Figure 1b
shows an example of an ssmfVEP measurement with this
technique. Recordings from the 58 locations and 4 electrical
channels were separately exported. The differential recordings
from two additional electrode pairs [12] with different orien-
tations were derived from the measured signals (Fig. 3a). The
signals were subsequently analyzed with custom-written soft-
ware. The analysis included a spectral analysis of the signals
and a measurement of the response amplitude (F) at the rever-
sal frequency and of the SNR in each of the six channels. SNR
was computed by dividing the response amplitude by the

noise that was defined as the averaged amplitudes at the right
and left neighbouring frequencies (Fig. 3b, first noise ampli-
tude left side from F=NL1) [25]. It is assumed that no re-
sponse is elicited by the stimulus at these adjacent frequencies
in the spectrum. In addition to this conventional estimation of
SNR using two flanking frequencies, we calculated the SNR
by using four neighbouring frequencies for the determination
of noise [i.e.,: SNR4=F/mean(NL1, NL2, NR1, NR2)]. Fur-
thermore, we studied the influence of the alpha activity [i.e.,
the amplitude at an individual alpha frequency (IAF)] on the
SNR. In that case, the SNRwith four adjacent frequencies was
performed with exclusion of the frequency that was nearest to
the IAF (i.e., SNR calculations used three noise frequencies in
most of the cases and used four noise frequencies when an
IAF was close to the reversal frequency). The best SNR from
the six electrode channels was selected. Finally the range of
statistical noise was estimated for stimulated areas. This cal-
culation used the 8.6-Hz measurements from nine subjects.
However, instead of using the amplitude at the reversal

Table 1 Present stimulus
parameters are determined by the
frame rate of the monitor system
(multiple of 16.6 ms)

Frequency
[Hz]

Frequency
resolution [Hz]

Number
of frames

Time of local
recording m-step
length [ms]

Time of one
cycle [s]

6 1.5 4 * 10 666.7 170.7

7.5 1.9 4 * 8 533.3 136.5

8.6 2.1 4 * 7 466.7 119.5

10 2.5 4 * 6 400.0 102.4

12 3 4 * 5 333.3 85.3

15 3.8 4 * 4 266.7 68.3

Fig. 3 (a) Sketch of electrode positions. Biosignals were recorded with
four electrodes over the primary visual cortex (V1). Four measured
channels (CH1–CH4) and two derived channels (CH5, CH6) were used
for spectrum analysis. The percentage of the records in which each
channel had the largest SNR was calculated using the 8.6-Hz

measurements from nine subjects (percentages [%] for left, right eyes).
(b) The Fourier spectrum of all channels at a single test location. At this
test location, the reversal amplitude was largest at channels 1 and 6. F:
amplitude at reversal frequency; NL, NR: amplitudes at left and right
flanking noise frequencies, respectively
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frequency, the amplitude at the right or left adjacent non-
stimulus frequency (e.g., NR1) was divided by the mean of
two other neighbouring non-stimulus amplitudes [in this case:
NR1/mean(NL1,NR2)]. Observe that this results in a noise-
noise-ratio (NNR) which can be expected to be 1 on average.
For comparison with the SNR, the same ‘best of six’ method
was used for NNR calculation. Due to this procedure, the
NNRs will be larger than 1.

Subjects and procedures

VEP measurements were performed on 9 randomly selected
eyes of 9 healthy subjects (6 females, 3 males, mean age: 39.6
±16.4 years, range: 23–59 years). Slit lamp inspection, white-
on-white perimetry with 'Octopus' (program G1), tonometry,
and fundoscopy were normal and the subjects were without
medication. All individuals had clear optic media, a refractive
error between −6 and +4 dB, and a visual acuity of 6/7.5 or
better. All subjects were experienced in sensory tests. The IAF

was determined in all subjects by EEG measurements (fre-
quency resolution: 1.5 Hz) with closed eyes using the same
electrodes as in ssmfVEP. The IAF was the frequency com-
ponent with the highest amplitude of the Fourier spectra of
these measurements. The measurement of the IAF was repeat-
ed at least once. The study followed the tenets of the Decla-
ration of Helsinki for research involving human subjects. The
study has been registered at www.clinicaltrials.gov
(NCT00494923) and was approved by the local ethics com-
mittee. Informed consent, including agreement for data collec-
tion, was obtained from all participants.

Statistical methods

The graphical presentations of the results display means
and 95 % confidence intervals (CIs). Higher harmonic
components and phase values were not considered. SNR
data were evaluated after logarithmic transformation that
was needed to achieve a normal distribution [13]. All

Fig. 4 Mean reversal amplitudes
(left column) and SNRs (right
column) of ssmfVEPs for all
subjects as a function of the
stimulus reversal frequency.
Mean values and error bars (95 %
CIs) represent all focal responses
(58) from each measurement. The
measurements at the 6-Hz
reversal frequency were
performed in three subjects only.
The IAF is indicated by asterisks
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analyses were performed by SPSS 19 (SPSS-Inc., Chicago,
USA). The level of statistical significance was alpha=0.05.
The power calculation indicates that our study with 9 sub-
jects is able to reveal significant results with a probability
of 90 %. Correlations between transient and steady-state
VEP used Spearman's rank correlation.

Results

An example of an ssmfVEP measurement in comparison
to a conventional mfVEP recording (RETIscan, LT4
mode) from the same eye is shown in Fig. 1. Measure-
ments were made on different days in the left eye of a
55-year-old female observer. In this subject, pair-wise
comparison revealed a strong correlation between the
amplitudes of the steady-state and the conventional
mfVEPs (Fig. 1c; fundamental component in the
ssmfVEP; peak-to-through amplitude of the conventional
mfVEP; Spearman's correlation coefficient R: 0.7,
p<0.001).

The SNR in the ssmfVEP was calculated with the
components in the frequency domain after spectral anal-
ysis (see Fig. 3b and Methods). As we wanted to deter-
mine which electrode pair was optimal, we calculated the

relative occurrence of the largest SNR for each channel
(see Figs. 1d and 3a). The calculations were made for
measurements from right (four subjects) and left (five
subjects) eyes using the 8.6-Hz responses. The percent-
age of the records in which each of the 6 channels had
the largest SNR was between 10 and 25.2 %.

Figure 4 presents the mean SNRs (using the directly adja-
cent frequencies and without exclusion of alpha frequencies)
and the mean amplitudes of all 58 local responses plotted
separately for each subject. In addition, Fig. 4 displays the
individual IAFs which varied between 8 and 12Hz (asterisks).
For one subject (EM) the frequency for a maximal ssmfVEP
amplitude and a maximal SNR coincided with the IAF, where-
as they differed for the other subjects.

The SNR is a more useful quantification of the quality
of the signal than response amplitude without consider-
ation of the noise. For SNR calculation, the amplitude at
the reversal frequency that is composed of noise plus the
‘true’ signal response is divided by a 'pure noise' esti-
mate. Previously, one or more amplitudes at non-stimulus
frequencies were used for pure noise estimates [25, 26].
In this study, three different noise estimates were com-
pared (see also Methods section): noise was calculated
from two neighbouring frequencies (1); from four
ne ighbour ing f r equenc i e s (2 ) ; and f rom four
neighbouring frequencies with exclusion of the frequency
closest to the IAF (3). Figure 5 shows the results of
mean SNR calculations from all subjects as a function
of pattern reversal frequency with these methods. All
three SNR calculations showed a maximum at a reversal
frequency of 8.6 Hz. The presentation suggests that the
most commonly used method to calculate the SNR
(using two nearest flanking frequencies for the calcula-
tion of noise) is superior to methods with more
neighbouring frequencies. Based on these results, subse-
quent SNR analyses used the two adjacent frequencies
for the calculation of noise.

Finally, the SNR values were determined for areas
grouped as suggested earlier [12] (Fig. 6). To judge
the value of these calculations, we calculated NNRs
(see methods section). As expected we obtained mean
noise ratios from non-stimulus frequencies that were
very close to unity for all single channels. In the pre-
sentation of signal and noise we always selected the
largest SNR value from the six channels. With this
method, the range of the NNR in Fig. 6 was between
0.6 and 3.2 dB. The SNR showed a systematic depen-
dence on stimulus location at all frequencies. Compar-
ing SNRs at each frequency with NNRs we found sig-
nificant differences for the 7.5-, 8.6-, and 10-Hz mea-
surements. For the 12- and 15-Hz measurements, how-
ever, the responses in the far periphery were indistin-
guishable from noise.

Fig. 5 Mean SNR (±95 % CIs) at different stimulus frequencies
calculated using three different analysis methods: 1: using two
neighbouring frequencies (NL1 and NR1 in Fig. 3; squares). 2: using
four neighbouring frequencies (NL1, NR1, NL2 and NR2, filled
circles). 3: as in 2 with exclusion of the component closest to the IAF
(open circles)
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Discussion

The aim of this study was to investigate whether the m-
sequence technique and steady-state stimulation can be
used to elicit reliable multifocal VEP responses. Here, we
were able to show that a conventional monitor-based VEP
system with the m-sequence technique can, indeed, be used
to measure ssmfVEPs. We used frequencies that are tech-
nically realizable with our monitor system and found re-
sponses that were different from statistical noise in the
frequency range between 7.5 and 10 Hz.

The first results in normal subjects suggest that significant
differences between response and random noise can be
achieved using a conventional dartboard spatial configuration.
It was shown that amplitudes of the components at reversal
frequency were correlated with the amplitudes as measured
with a conventional long-term program (Fig. 1). In accordance
with earlier steady-state measurements [27], amplitudes and
the SNR of ssmfVEP showed a frequency tuning with a max-
imum near 9 Hz. Frequencies higher than 10 Hz showed a
lower SNR and seem to be less suitable in the present setup.
Electrophysiological recordings contain a response and simul-
taneous noise. In conventional mfVEP recordings of transient
responses, separate signal and noise windows can be defined
and the SNR can be calculated by the signal plus noise in the
response window divided by the ‘pure’ noise in a temporally

separated noise window. Thus, the mean SNR in transient
VEPs equals 1 when no stimulus reaction is present [13]. In
studies with steady-state stimulation, it is possible to use am-
plitudes at the reversal frequency and flanking non-reversal
frequencies for SNR calculation [25, 28]. Again, the SNR
should be 1 when no response is present. Here we used the
ratio of signal amplitude at the reversal frequency divided by
the mean of two or of four neighbouring frequencies for cal-
culations of the SNR. The strategy with four neighbours clear-
ly resulted in smaller SNRs compared to when two neighbours
were used and, therefore, was less satisfactory. In another
steady-state VEP study by Vaegan et al. [29], it was suggested
to determine the difference between response amplitude at the
reversal frequency and the mean of non-signal amplitudes at
other frequencies and to divide it by the standard deviation of
the noise. In addition to the above described SNR techniques,
we used this method on our measurements (data not shown).
We were not able to show the benefit of this strategy in our
data, possibly because of the low frequency resolution in our
measurements.

In addition to electrical interference and disturbances
due to subject’s movements, spontaneous brain activities
contribute to noise. The frequencies used in the present
steady-state stimulation sometimes were in the range of
the alpha EEG [23, 30]. It is known that alpha EEGs are
not always constant and can change their frequency in the

Fig. 6 Mean SNR from ssmfVEP in 14 areas as a function of temporal
frequency. Mean values and error bars (95 % CIs) represent results from
nine subjects. The total number of 58 responses was averaged in groups
as displayed in the inset. The two most nasal groups (area 11 and 12,
including the nasal wings) are the average of 5 fields while the other 12
groups are averaged by 4 focal measurements. Open symbols: superior
areas. Filled symbols: inferior areas. To calculate the SNR, the amplitude
at reversal frequency was divided by the mean amplitude of nearest
flanking non-stimulus frequencies (NL1 and NR1, see Fig. 3). Always,

the largest SNR value from six channels was chosen. Calculation of NNR
used the same procedure on nine measurements. However, instead of
using the amplitude at the reversal frequency, a randomly chosen non-
stimulus neighbouring frequency was chosen (NR1 or NL1) and the
amplitude was divided by the mean of two other adjacent non-stimulus
amplitudes [i.e., NR1/mean(NL1,NR2) or NL1/mean(NL2,NR1)]. NNR
was between 0.6 and 3.2 dB when the same ‘best of six’ method was
used, as in calculation of SNR
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course of a day and during mental activity [16, 31, 32].
Assuming that IAF is constant during the measurements,
the alpha activities could possibly have an impact on our
measurements in two ways: either, the alpha EEG could
have a high value at a non-stimulus neighbour frequency
and, therefore, reduce the SNR, or the alpha EEG could be
close to the reversal frequency and, therefore, interfering
with the response and, thereby, altering the apparent SNR.
As expected, the alpha frequencies of the present subjects
were in the same range as some reversal frequencies of the
ssmfVEPs. However, it can be assumed that alpha EEG in
our ssmfVEP recordings are diminished due to averaging
and due to decorrelation of alpha waves from the stimulus
by repeating the measurements in different cycles. Further-
more it is known that alpha activities are much smaller in
the presence of a visual input (i.e., the running text during
stimulation) compared to closed eyes conditions. The run-
ning text is also meant to keep the subject alert during the
measurements thereby reducing the amplitude of the alpha
waves. When the IAF was close to the reversal frequency,
the ssmfVEP is possibly composed of the response and the
superimposed alpha waves and it can be assumed that the
response at the reversal frequency might be changed [30]
due to interference between the two [23]. To check if such
interference, indeed, might have occurred, we included the
IAF (asterisk) in all plots of Fig. 4. However, we did not
notice any signs of the influence of the alpha waves on the
response amplitudes or the SNR.

In those cases where the IAF is close to the right or left
neighbouring frequency, the alpha activities might also affect
the calculation of the SNR. To minimize a possible reduction
of the SNR due to large alpha waves, we performed an anal-
ysis in which the noise component at the frequency closest to
the IAF was excluded from the SNR calculation. In the mean
SNRs (Fig. 5), the IAF exclusion did not result in larger SNR
values than when the neighbouring frequencies were used.We
conclude that alpha waves have little influence on the SNRs
and, therefore, there is no need to exclude components at
frequencies that are close to the IAF.

A known drawback of using small stimulus areas in
mfVEP is that the SNR can be below the criterion for a
significant response [12]. None of the nine subjects
showed significant responses for all of the fields. A method
to improve the SNR in mfVEP measurements is spatial
integration or averaging of responses to neighbouring test
positions, where similar results are expected. The advan-
tage of this technique has been documented before [12, 30,
33]. Here, we used a very similar averaging of responses as
suggested before [12]. After averaging, we found signifi-
cant responses for all areas when considering the data from
all nine subjects (Fig. 6). Considering individual results,
the spatially averaged responses were significantly above
noise for most locations. 5 subjects showed SNR values

above noise for all 14 locations. However, the responses
were not significantly above noise for areas 12, 13 and 14
in 4 subjects. This is in agreement with the results of earlier
studies [8, 34] where lower amplitudes in these areas were
found. We used the electrode configuration as suggested by
the manufacturers of the equipment. Mounting four elec-
trodes around the inion and the evaluation of six channels
has proven to be useful in the detection of the conventional
long-term mfVEP measurements [2, 6, 13]. Similarly, the
present data showed that maximal SNRs can be found in
any one of the six channels. For improvement of the SNR,
in future studies with the steady-state technique, the benefit
of additional (e.g., forehead) electrodes [28, 35] [12]
should be investigated. Using such electrode setups, the
combined evaluation of orthogonal signals (Euclidian
sum) might reveal larger SNRs than any single channel
[29]. In addition to possible improvement of spectral anal-
ysis and electrode configuration, future studies could be
performed with different numbers of reversals in all fields.
Here, we have arbitrarily chosen four reversals per m-step
in order to achieve similar durations in the ssmfVEP and
conventional mfVEP measurements. However, longer
traces and larger numbers of local pattern reversals might
be advantageous to minimizing the bias from trend arte-
facts [36]. Meigen and Bach [25] discussed constraints for
SNR determination in ophthalmological steady-state mea-
surements and recommended signal lengths exceeding 1 s.
More repetitions will increase not only the frequency res-
olution and possibly the signal quality, but also the total
recording time. Future measurements [37–39] could addi-
tionally include the variation of m-sequence length and
study the value of cycle repetitions. The ssmfVEP may
be useful for objective perimetry because spectral analyses
can be used for automated evaluation of the responses. The
steady-state measurements are possibly shorter for similar
SNRs than conventional mfVEPs because the whole re-
cording period is used for analysis, whereas in transient
measurements, separate intervals for registration of signal
response and noise are needed and because eye movements
and electromyographic artefacts may be less disturbing in
the analysis of ssmfVEP recordings [40, 41]. Furthermore,
flickering targets in psychophysical perimetric tests are
known to be superior to flashing stimuli in diagnosing cer-
tain diseases such as glaucoma. Therefore, ssmfVEP may
also be a preferable method in diagnosing glaucoma. In
this study, we evaluated amplitudes at stimulus and non-
stimulus frequencies. We did not evaluate the phases nor
the characteristics of higher harmonics. The analysis of
transient responses may lead to a more comprehensive un-
derstanding of latencies between visual stimulation and
response. More studies are needed, not only to optimise
the stimulus conditions, but also to demonstrate higher
diagnost ic power than convent ional procedures.
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Comparison of the time for obtaining reliable results with
this technique and with conventional mfVEP must be per-
formed in order to prove the clinical usefulness of the
ssmfVEP.
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