Variation in Vernier Evoked Cortical Potential with Age
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PURPOSE. To investigate the effects of age on transient vernier
visual evoked potential (VEP) and vernier acuity estimated by
extrapolation.
METHODS. Transient vernier VEPs were examined in normal
subjects aged 20 to 75 years. Vernier offsets were presented for
the first 350 msec of the stimulus period, and the segments
were then realigned in the following 400 msec. The six vernier
offsets used were 20, 40, 60, 80, 100, and 140 seconds of arc.
Averaging for each offset setting produced vernier VEP waveforms, for which amplitude and latency of visual evoked response and background electroencephalographic (EEG) noise
level were determined. Extrapolation of the function relating
signal-to-noise ratio and log vernier offset to a ratio of 1.0
resulted in an estimate of vernier acuity.
RESULTS. Amplitude of vernier VEP waveforms was significantly
reduced in subjects more than 60 years of age, and the latency
to the first negative peak was progressively prolonged with
increasing age. There was no statistically significant change in
electroencephalographic (EEG) noise with advancing age. VEP
vernier acuity was significantly degraded in the 61- to 75-year
age group. These results are parallel to recent psychophysical
findings that alignment performance is worse in older persons
than in younger ones.
CONCLUSIONS. The present findings provide the first electrophysiological evidence of age-related cortical degeneration associated with vernier processing. Reduced neural activity probably contributes to the loss of vernier acuity with advancing
age. Also provided are the first normative data for subjects of
different ages for vernier VEP and VEP vernier acuity. Moreover, the present study has demonstrated that vernier VEP is
sensitive to neural changes and therefore may be applied in
clinical situations to evaluate the integrity of the visual system.
(Invest Ophthalmol Vis Sci. 2001;42:1119 –1124)

W

e have recently shown that vernier threshold, obtained
using a psychophysical method, is elevated by a factor of
two in subjects more than 60 years of age.1 Senile miosis and
reduced transmittance of ocular media in the elderly decrease
retinal illuminance. We have shown that, at the high stimulus
luminance level used in the present work (240 candelas [cd]/
m2), reduced retinal illuminance (produced with a 3-mm artificial pupil and a neutral density filter, 0.2 log unit) has minimal
effect on vernier acuity in young subjects.1 In contrast, at low
stimulus luminance levels, vernier acuity has been shown to
have a square-root dependence on retinal illuminance.2– 4 The
stimulus configurations used in our previous study are strongly
resistant to optical degradation,5 and vernier acuity is quite
stable with respect to changes in contrast and luminance of the

stimuli at suprathreshold levels.6,7 The deterioration in alignment performance can therefore be mainly attributed to agerelated neural loss.
The present experiment was conducted to investigate the
age-related cortical changes in vernier processing using an
electrophysiological approach. A large number of studies have
shown an age effect on traditional flash8 –13 and pattern visual
evoked potentials (VEPs).12,14 –29 Simultaneous recordings of
electroretinogram (ERG) and VEP have also confirmed agerelated effects on the neural visual system.25,27,30 However,
there have been no previous reports of variations in vernier
VEP or extrapolated vernier acuity with age. There is extensive
evidence from psychophysical and electrophysiological studies
that vernier acuity reflects cortical processing31–34 and is thus
a good indicator of cortical integrity at any age. Amblyopic eyes
have shown increased deterioration in vernier acuity relative to
visual acuity.33,35–38 Cats without a striate cortex show impaired vernier acuity while maintaining high levels of grating
acuity.39 These provide the functional correlates of vernier
acuity in the visual cortex.
Cortical evoked potentials can be elicited at striate and
extrastriate cortices by the presentation of vernier offset.31,40 – 42 Topographic mapping has shown that the vernier
stimulus evokes the greatest cortical activity in the extrastriate,
and a smaller response at the striate cortex.43,44 Extrapolation
of the function relating amplitude and log vernier offset to 0 V
provides an electrophysiological estimate of vernier acuity,31,40,41 and this objective electrophysiological technique
has been applied clinically to measure the vernier acuity in
infants.45,46 In the present experiment, this VEP technique was
used to study the effects of age on vernier VEP and extrapolated vernier acuity.

METHODS
Subjects
Forty subjects were recruited, 10 subjects in each of four age groups:
21 to 40, 41 to 50, 51 to 60, and 61 to 75 years. There were five men
and five women in each group. Preliminary eye examinations were
performed in the Optometry Clinic of The Hong Kong Polytechnic
University. The maculae of all subjects were assessed as normal, and,
specifically, had no drusen in an area of one disc diameter around the
macula and no pigmentary changes. All subjects had clear ocular media
(assessed by direct ophthalmoscopy) and were free of lens opacities in
the dilated pupillary area. They had no known visual problems (by
self-report), and no subject had strabismus or amblyopia. All subjects
had log minimum angle of resolution (logMAR) acuity of 0 (20/20
Snellen) or better in both eyes.
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From the Department of Optometry and Radiography, The Hong
Kong Polytechnic University, Hung Hom.
Supported by Grant V302 from The Hong Kong Polytechnic University.
Submitted for publication February 25, 2000; revised July 6 and
November 8, 2000; accepted November 22, 2000.
Commercial relationships policy: N.
Corresponding author: Roger Wing-hong Li, Room 1350, University Eye Institute, College of Optometry, University of Houston, Houston, TX 77204-6052. rli@popmail.opt.uh.edu
Investigative Ophthalmology & Visual Science, April 2001, Vol. 42, No. 5
Copyright © Association for Research in Vision and Ophthalmology

Downloaded from jov.arvojournals.org on 09/18/2019

Vernier stimuli were presented to the subjects (Fig. 1). The stimulus
configuration consisted of bright white rectangular patches of light
(1 ⫻ 8 minutes of arc) on the dark screen of a computer monitor. All
the segments were aligned initially. The vernier offsets were introduced by displacing the test line segments either to the left or right at
random, while the reference line segments remained stationary. Vernier offsets appeared for the first 350 msec of the stimulus period, and
the segments were then realigned in the following 400 msec. The
whole pattern subtended 2° ⫻ 2° at 2.5 m. The flat 15-in. screen was
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trials lasted for 5 seconds. The measurements were self-paced; subjects
were asked to click a mouse button to initiate the procedure. Breaks
were allowed on request, and on average, the VEP measurements took
approximately 45 minutes.

Estimating Electrophysiological Vernier Acuity

FIGURE 1.

Vernier stimuli used in VEP measurement.

viewed monocularly at a distance of 2.5 m. The monitor resolution was
1024 ⫻ 768 pixels, and the smallest interpixel visual angle was 20
seconds of arc. The vertical screen refresh rate was 85 Hz. The
laboratory was kept completely dark, the only light source being the
stimulus itself. The luminances of the target and the dark background
were 240 cd/m2 and 0.6 cd/m2, respectively. The vernier segments
were separated by 8 minutes of arc laterally and 4 minutes of arc
vertically.

Subject Preparation
The evoked voltages were recorded with silver disc electrodes applied
to the scalp. The abrasive preparation paste (Omni Prep; DO Weaver,
Aurora, CO) was applied to the electrode sites on the scalp and was
rubbed into the skin lightly with a cotton swab. The conductive
electrode gel (Medi-Trace EEG Sol; Graphic Controls, Buffalo, NY) was
applied over the preparation paste. In this way, the impedance between any pair of electrodes was reduced to approximately 5 k⍀. A
bipolar arrangement of electrodes was adopted. Four electrodes were
used: Two active electrodes were placed 6 cm to either side of the
reference electrode, which was placed 2 cm above the inion. The right
and center electrodes were connected to one channel, and the left and
center electrodes were connected to the second channel. The ground
electrode was placed on the right ear lobe.

Vernier VEP Measurement
The electrical activity elicited at the scalp by the vernier offsets was
amplified 105 times by means of two physiological preamplifiers
(P511(K); Grass, Quincy, MA), with band-pass frequencies of 1 to 30
Hz in combination with a 50-Hz filter. The amplified analog electrical
responses were then digitized by a 12-bit analog-to-digital converter
(NB-MIO-16; National Instruments, Austin, TX) at 1000 Hz. Each epoch
length was 700 msec. The data acquisition was handled and the data
were analyzed by computer (using LabView, ver. 2.2.1; National Instruments). The data acquisition was synchronized with stimulus reversals. Artifacts of unusually high or low electrical voltages were
rejected by the software program’s subroutine. The six vernier offsets
used were 20, 40, 60, 80, 100, and 140 seconds of arc, and the
sequence of presentation of offset size was randomized. Averaging of
150 epochs for each offset setting produced reliable and robust VEP
waveforms.
For VEP measurement, the subject was seated 2.5 m from the
monitor. The stimulus was viewed monocularly with the subject wearing refractive correction appropriate for the working distance. The
subject was asked to look steadily at the center of the stimulus, keep
the stimulus in focus, avoid blinking, avoid tracking the stimuli, and
avoid any mental activity, such as counting or thinking. Each group of
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Electrical potentials at the extrastriate cortex are positive relative to
those at the inion. The amplitude of vernier VEP was defined as the
average of the differences in potential between the first prominent
negative and positive peaks in the vernier waveforms recorded in two
channels, and the latency was taken as the shorter time to the first
negative peak recorded in two channels. An ideal digital high-pass filter
with cutoff frequency at 10 Hz was implemented, using discrete
Fourier transform, to extract the background EEG noise from an averaged VEP waveform for all vernier settings. The SD of the extracted
background was calculated as an estimate of EEG noise level. The
signal-to-noise ratio was defined as the ratio of VEP amplitude to the
background EEG noise level. Extrapolation of the function relating
signal-to-noise ratio and log vernier offset to a ratio of 1.0 resulted in an
estimate of vernier acuity. An EEG noise estimation was used similar to
that used in previous studies.47

Procedures
Subjects were carefully refracted, and their refractive errors were fully
corrected for the working distance of 2.5 m for electrophysiological
measurement, the endpoint criterion being minimum minus power for
best visual acuity. In electrophysiological procedures, only the dominant eye was tested, and the other eye was occluded. One drop of 1%
tropicamide was used to dilate the pupil of the eye being tested.
Another drop was instilled 10 minutes after the first one, if the dilated
pupil size was less than 6 mm. Vernier VEPs were measured monocularly with a 5 mm artificial pupil 10 mm from the cornea. The whole
experiment took approximately 1.5 hours. The research followed the
tenets of the Declaration of Helsinki. Only subjects who gave informed
consent participated in the experiment. This research was approved
by institutional review.

RESULTS
Vernier VEP
Adult transient vernier VEP was characterized by a prominent
negative wave with a peak at 200 to 220 msec after the
appearance of vernier misalignment, and this was followed by
a prominent positive wave that peaked at approximately 270
msec (Fig. 2). The VEP amplitude gradually decreased as the
magnitude of vernier offset decreased. The evoked potentials
elicited in a younger subject (IL, 23 years of age) and an older
subject (CK, 63 years of age) by vernier offsets of 140, 100, 80,
60, 40, and 20 seconds of arc at the right extrastriate cortex are
shown in Figures 2A through 2F. The latency of the first
negative peak was inversely proportional to the magnitude of
vernier offset. Latency was prolonged in waveforms elicited by
smaller vernier offsets. Because it was occasionally difficult to
extract accurate responses from the background electrical activity in some subjects, the variations in amplitude and latency
of VEP generated by a vernier offset of 20 seconds of arc were
not included in the analysis.

VEP Amplitude as a Function of Age
VEP amplitude gradually decreased with increasing age for all
vernier settings. Mean amplitudes for different vernier settings
for different age groups are shown in Figure 3A. The VEP
amplitude was compared between age groups using two-way
analysis of variance (ANOVA). There was a statistically significant reduction in mean amplitude elicited by vernier offsets
with increasing age (df ⫽ 3; F ⫽ 22.54; P ⬍ 0.001), and there
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compared with the 21- to 40-year group (P ⬍ 0.05) and the
41- to 50-year group (P ⬍ 0.05). The 51- to 60-year group
had significantly increased latency compared with the 21- to
40-year group (P ⬍ 0.05) and the 41- to 50-year-old group
(P ⬍ 0.05).

EEG Noise as a Function of Age
Mean background EEG noise levels for different vernier settings for different age groups are shown in Figure 3C. Two-way
ANOVA revealed that there was no statistically significant difference in background EEG noise with age (df ⫽ 3; F ⫽ 1.67;
P ⫽ 0.18) or with vernier offset (df ⫽ 4; F ⫽ 0.13; P ⫽ 0.97)
and no statistically significant interaction between vernier offset and age (df ⫽ 12; F ⫽ 0.74; P ⫽ 0.71).

FIGURE 2. VEPs elicited by vernier offsets of (A) 140, (B) 100, (C) 80,
(D) 60, (E) 40, and (F) 20 seconds of arc at the right extrastriate cortex.
The upward deflection represents the changes of electrical potentials
in the extrastriate area in a positive direction, and the downward
deflection represents changes in a negative direction.

was a statistically significant increase in mean amplitude with
increasing offset magnitude (df ⫽ 4; F ⫽ 26.20; P ⬍ 0.001).
There was no statistically significant interaction between age
group and offset (P ⫽ 0.98). Post hoc testing using the Tukey
test revealed that the 21- to 40-year-old group had significantly
larger mean amplitude than the 41- to 50-year-old group (P ⬍
0.05), the 51- to 60-year-old group (P ⬍ 0.05) and the 61- to
75-year-old group (P ⬍ 0.05). The 41- to 50-year-old group had
a significantly larger mean amplitude than the 61- to 75-year-old
group (P ⬍ 0.05). There were no significant differences between the other age groups (P ⬎ 0.05 in all cases).

VEP Latency as a Function of Age
In general, the latency gradually increased with increasing age
and with decreasing magnitude of vernier offset. Mean latencies for different vernier settings for four age groups are shown
in Figure 3B. The mean latencies for all vernier settings were
approximately 30 msec longer in the 61- to 75- than in the 21to 40-year age group. Two-way ANOVA revealed that the differences in latency were statistically significant with increasing
age (df ⫽ 3; F ⫽ 14.32; P ⬍ 0.001), and there was a statistically
significant increase in mean latency with decreasing offset
magnitude (df ⫽ 4; F ⫽ 10.00; P ⬍ 0.001). There was no
statistically significant interaction between age group and offset (P ⫽ 0.98). Post hoc testing using the Tukey test revealed
that the 61- to 75-year group had significantly increased latency
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FIGURE 3. Mean amplitudes (A), latencies (B), and EEG noise (C) in
the four age groups. Bars are SE.
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FIGURE 4.
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VEP vernier acuity as a function of age.

VEP Vernier Acuity as a Function of Age
VEP vernier acuity was significantly reduced after the age of 60
years. Electrophysiological vernier acuities for individuals are
shown in Figure 4 with the data fitted by a bilinear function
(r2 ⫽ 0.33):
y ⫽ 0.04共x ⫺ 50兲 ⫹ 5.74 共before age of 50 years兲
y ⫽ 0.65共x ⫺ 50兲 ⫹ 5.74 共after age of 50 years兲
Age had a significant influence on VEP vernier acuity (ANOVA:
F3,36 ⫽ 8.41, P ⫽ 0.0002). Mean VEP vernier acuities were
4.86, 4.24, 9.38, and 17.44 seconds of arc for the 21- to 40-, 41to 50-, 51- to 60-, and 61- to 75-year age groups, respectively.
The corresponding SDs were 3.16, 2.93, 6.30, and 10.85 seconds of arc. Post hoc testing with the Tukey–Kramer test
revealed that there were statistically significant differences
between the age groups 21 to 40 and 61 to 75 years (P ⬍
0.001), between the age groups 41 to 50 and 61 to 75 years
(P ⬍ 0.001), and between the age groups 51 to 60 and 61 to 75
years (P ⬍ 0.05), but no statistically significant difference
between other age groups.

DISCUSSION
The vernier VEP waveform was consistent across the life span
but with decreased amplitude and increased latency as age
increased. In general agreement with previous vernier VEP
studies,31,40,41,44 the vernier VEP in young adults comprised a
late negative wave with a peak at approximately 200 to 220
msec, which was then followed by a prominent positive wave.
The reduction in amplitude was approximately 25% to 50% for
the different vernier offsets in the oldest age group, but there
was no significant change in EEG noise. Older subjects showed
prolonged latency to the first negative peak, although the
differences were not statistically significant for some vernier
settings. These findings were not unexpected, because the
literature supports the notion that age has a significant influence on flash and pattern evoked cortical potential.8 –30 In
addition, VEP vernier acuity was found to be reduced significantly in subjects more than 60 years of age, supporting our
previous psychophysical findings.1 The fact that all subjects in
this study had good visual acuity indicates that a disproportional reduction in vernier acuity occurs with increasing age.
We suggest that this is because vernier acuity reflects cortical
processing to a greater extent than does visual acuity.
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It has been reported that the decrease in retinal illumination
resulting from senile miosis48,49 and increased media absorption50,51 causes delayed and reduced electrophysiological response.15,52–54 All the subjects in the present experiments had
the same effective pupil size, achieved by placing an artificial
pupil in front of the dilated pupil, and they had clear ocular
media. Moreover, the vernier stimulus configurations used are
markedly resistant to the optical scattering5 that occurs in
elderly eyes. Thus, optical factors had minimal impact on the
changes in vernier VEP, and the loss of vernier acuity was
essentially neural in origin. The lowered amplitudes of response probably reflect weakened neural activity and reduced
signal for vernier tasks.
The vernier stimulus used in the present experiment is
similar to those used in previous transient and steady state
vernier VEP studies,31,40,42– 44,46 which reported steep dependences of vernier VEP and VEP vernier acuity on gap size,
eccentricity, and spatial interference as psychophysical tasks.
VEP vernier acuity is comparable with its psychophysical measurement. Moreover, we recently reported similar age-related
trends in psychophysical vernier acuity.1 Two-dimensional
Fourier analysis of the two stimulus states (i.e., with and without vernier offsets) shows that there are differences in the
distribution of their spatial frequency components. Apart from
the vertical modulations that provided the offset cues, some
horizontal modulations were also introduced by the offset
stimulus, and we recognize that these may also stimulate cortical responses.
The vertical separation between vernier elements chosen
has been shown to result in near optimum vernier acuity in
young adults5,55; however, the ideal vertical separation may be
different in older subjects. In this experiment, the vernier
stimuli presented to both younger and older subjects had the
same vertical separation. Further psychophysical and electrophysiological studies are necessary to investigate the variation
in gap size that produces optimum vernier acuity with age. We
adopted the extrapolation method used in previous studies31,40,41,56 of VEP vernier acuity. The regression analysis in
the present experiment was based on five vernier offsets (40,
60, 80, 100, and 140 seconds of arc), and more data points
would provide a more precise estimate of vernier acuity.
Neuroanatomy and biochemistry findings give support to
the notion that age-related changes occur in the visual pathway. The reduction in vernier VEP amplitude may be due to
loss of neurons and to functional changes within the visual
system. It has been suggested that there is a random loss of
neurons throughout the visual system with advancing age.57,58
Approximately 50% of retinal ganglion cells are lost over a
70-year life span, and approximately half of those are responsible for macular function.59 A reduction in amplitude of the
ERG reflects neural changes at the receptor level.60,61 At the
cortical level, there is a loss of neurons in the striate cortex
with increasing age.62,63 Axonal dystrophy of the central nervous system begins at the age of 20 years and is more severe
from the age of 50 years.64 The number of dendritic spines
decreases in aging cortical cells.65
It is known that the conduction velocity of peripheral
nerves progressively decreases with advancing age.66,67 The
prolongation of nerve impulse transmission along the visual
pathways can result from segmental demyelination, defective
myelin regeneration,68 and axonal dystrophy.69,70 There is
further prominent loss of ganglion cell axons in the optic nerve
beginning at approximately the age of 70 years, and the large
diameter nerve fibers are selectively lost with increasing age.71
Functional changes in neurotransmitters72 and increased synaptic delay73 may also contribute to increased latency in the
aged visual system.
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The present study provides the first electrophysiological
evidence of age-related reduced neural activity associated with
vernier processing, and our findings provide additional evidence to support our recent psychophysical data. It is reasonable that the reduced neural activities cause degraded performance in spatial localization. We provide the first normative
data for subjects of different ages for amplitude and latency of
vernier VEP and for VEP vernier acuity, and it is clear that
consideration of the effects of age are necessary when measuring vernier VEP in clinical situations.
Hyperacuity tasks have been applied in psychophysical clinical tests to detect neural deficits in a range of ophthalmic
disorders.33,74 – 80 We have shown that vernier VEP is sensitive
to neural changes and may therefore be used in objective
clinical tests designed to examine the integrity of vernier processing pathways and spatial vision anomalies in both clinical
and research situations. Although vernier VEP has not been
widely used as a clinical test, the availability of age norms
should provide the basis for further development of this specialized tool for clinical assessment.
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