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Technical Issues in Visual Evoked Cortical

Potential Recording

G. F. A. Harding

STIMULUS CONDITIONS

Certain principles of stimulation are essential for
the identification of disorders involving the visual
pathway and the cortex. For the identification of
prechiasmal disorders it is essential that monocular
stimulation to each eye always be performed, what-
ever stimulus is used. When monocular stimulation
is combined with multichannel recording from both
cerebral hemispheres, it assists in the location of
prechiasmal and postchiasmal lesions as well as
those lesions that involve the chiasm. Some forms of
stimulation may need to be more specific and local-
ized, although these techniques are usually only uti-
lized with pattern stimulation. There are grave tech-
nical difficulties in providing local flash stimulation
to particular areas of the retina.

Flash stimulation is normally performed by using
a xenon gas discharge tube that is mounted in either
a parabolic reflector or alternatively in a Ganzfeld
stimulator. The luminance of such a stimulator is, of
course, markedly suprathreshold and produces be-
tween 50 and 500 nit/sec. If the flash tube is
mounted within a bowl for Ganzfeld stimulation,
the patient usually places his head on a chin rest in
the bowl, but with the usual parabolic reflector, the
flash stimulator is held in front of the eye to be stim-
ulated. With either technique the entoptic stray light
generated in the eye helps produce an even distribu-
tion of the light falling on the retina. One complica-

tion that sometimes occurs with Ganzfeld stimula-
tion is that the absence of any other visual stimulus
in between the flashes of light may produce alpha
rhythm in the electroencephalogram (EEG), with the
visual evoked potential (VEP) being confounded by
these rhythmic waves. Although the intensity of the
flash stimulus can affect both latency and amplitude
of the major P, component of the VEP, these varia-
tions are usually only found around the absolute
threshold. It has been found that a 6-log-unit atten-
uation is necessary before any increase in latency of
the flash VEP is observed.’® * Although as the in-
tensity is increased from threshold there is an initial
shortening in latency, any further increase in the in-
tensity does not produce a further reduction in la-
tency since the stimulus has become markedly su-
prathreshold. It is therefore hardly surprising that
pupil size has no significant effect on either the
latency or amplitude of the flash evoked re-
sponse.?” 3

With pattern stimulation there are a number of
advantages. There is no overall change in lumi-
nance, and factors such as contour and contrast,
level of luminance, and color can all be indepen-
dently controlled.®® All of these factors affect the la-
tency of the VEP obtained. The pattern stimulation
is usually provided in the form of a pattern of checks
or bars that either reverse or appear and disappear
into a gray background. For some studies the bars
have no sharp edges but consist of gratings that al-
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436 Visual Evoked Cortical Potentials

low independent studies of contrast without the in-
terference of the effect of contour. The size of the
pattern stimulus target and its position in the pa-
tient’s field of vision affect both the amplitude and
the lateralization of the VEP. The size of the stimu-
lus field does affect the overall amplitude of the
VEP,*? but it has also been demonstrated that half-
field stimulation using pattern reversal may produce
the major positive component of the VEP on the sur-
face of the scalp either ipsilateral or contralateral to
the field stimulated, depending on the size of the
half-field stimulation.?® If large fields in excess of 0
to 10 degrees radius are used, the response that is
elicited is undoubtedly ipsilateral.® ** 27 3 If small
macular fields are used (0 to 2.5 degrees radius), the
response is elicited cross-lateral to the field stimu-
lated®* (Fig 55-1, Plate 6).

The size of the individual elements or checks or
bars of the stimulus can affect amplitude and la-
tency. It can be demonstrated that optimum tuning
of VEP amplitude and latency can be obtained for
particular sizes of checks in particular targets and
that this approximates the cortical representation of
visual space.'" The size of the check does not affect
lateralization of the half-field response in half-field
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FIG 55-1.

Topographical distribution of the P,,, component of the
VEP in response to left half-field stimulation with differing
check sizes with a 0- to 14-degree-radius checkerboard
consisting of elements subtending 56 minutes of visual an-
gle. It can be seen that the response is ipsilateral to the
half-field stimulated as indicated as a marked positive com-
ponent around 90 ms that is maximal over the left occiput
(white and red). As the field size is reduced to a 0- to 5-de-
gree radius, the response, although remaining ipsilateral to
the field stimulated, becomes more bilateral. With a 0- to
2.5-degree-radius field the response becomes cross-lateral
and is seen as a higher-amplitude response over the right
occiput; this is indicated in white on the brain map. (See
also Color Plate 6.)

stimulation.?* The overall luminance of pattern ele-
ments also affects both latency and amplitude. La-
tency increases and amplitude decreases as the stim-
ulus intensity is lowered.'”?* If the contrast
between the pattern elements is reduced, amplitude
is also clearly reduced.>

Since in clinical investigations all these factors are
considered to be intervening variables that interfere
with the clinical robustness of the test, fairly stan-
dardized conditions have been developed. Large tar-
get fields (around 15 degrees radius) are usually
used with relatively large checks approximating 1
degree. The stimulus is usually bright (around 100
cd/m? with a high contrast of approximately 75%.
Many of the pattern stimulators used are of an opti-
cal type in which a slide is projected via a rotatable
mirror onto a translucent screen so as to allow sim-
ple mirror movement to produce reversal of the ele-
ments of the stimulus.'® Obviously the time of mir-
ror movement may affect the latency of the
response.* Similar optical techniques such as diffus-
ing shutters can cause the pattern to appear and dis-
appear with no change in luminance. The other pat-
tern stimulation technique often used consists of
either a domestic TV monitor or, alternatively, a spe-
cial-purpose oscilloscope usually operating at high
frequency.' These stimulators are far more flexible
and allow a variety of patterns to be made to reverse
or appear and disappear but unfortunately have the
disadvantage that one complete cycle of the frame
frequency is required to complete the entire pattern.
If fixation wanders over the screen, then variability
in the latency of the VEP occurs.® The specialized os-
cilloscopes operating at higher frequency reduce the
error from this particular factor.

Finally, mention should be made of the rate at
which stimulation takes place. Obviously, this can
have a marked effect on the morphology of the VEP.
In general, there has recently been a growing domi-
nance of the use of transient evoked potentials in
clinical practice. For these techniques stimuli are
usually produced at a rate of between one and two
per second, thus allowing each evoked potential to
develop before the following stimulus occurs. It has
been clearly shown that at rates above three stimuli
per second the VEP is markedly affected and begins
to take on the appearance of a sinusoidal response.
Some groups have utilized this technique to produce
what is known as the steady-state evoked potential
and, in order to deal with the difficulties of measur-
ing latency, have developed a variety of waveform
analysis techniques. So far they have not demon-
strated clear clinical advantages over the transient
evoked potential with its simple measurement of la-
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tency and amplitude and descriptions of morphol-
ogy. However, they occasionally have special use as
in the rapid assessment of visual acuity in children.

NORMATIVE STUDIES

For all diagnostic VEP investigations it is abso-
lutely essential that the limits of normalcy for la-
tency and amplitude be known for each age band
and in addition that the normal range of interocular
variation be known. Such parameters should be de-
termined by each laboratory with its own stimula-
tors and recording apparatus since technical factors
can markedly affect latencies. In general, ten normal
volunteers are usually sufficient for each of the de-
cades of life to obtain statistically acceptable means
and standard deviations. There is a good deal of dis-
cussion over the number of standard deviations that
should be allowed for a normal limit, and this ap-
pears to vary between 2 and 3 SD, 2.5 SD being an
acceptable compromise. Although 2 SD appears to
carry an unacceptable risk of misdiagnosis (5%), it
should be remembered that almost all clinical condi-
tions cause an increase in the latency of the VEP and
therefore the risk of misdiagnosis is, in fact, only
2.5%.

Studies of the flash VEP over the normal popula-
tion have shown that the normal latency of the
P, component (125 ms) shows an increase with
age.”” '¥ 18 2 Studies of amplitude variation show
that high values often seen in childhood slowly
decrease and stabilize.”® It should be noted, how-
ever, that in the 60- to 70-year-old age group there
is a clear increase in the P; component (70 ms)
in comparison to the amplitude of the P, compo-
nent.”” 1% 17 240 The latency changes of the P, com-

TABLE 55-1.

ponent that are marked over the age span cannot be
explained in terms of optical factors such as the re-
duction in pupil size with age. This factor can only
account for a 3- to 4-ms increase in the latency of
both flash and pattern-reversal VEPs, whereas the
latency increase that is seen with flash stimulation is
much larger.®

The VEP to pattern reversal shows a slight in-
crease in the latency of the P;o, component of
around 5 to 10 ms over the life span, depending on
the size of the pattern elements. Large elements
around 1 degree show little change, and the greatest
change is seen with small checks.> & 2131, 3540 The
change that can be seen can be clearly attributed to
the decrease in pupil size with age. Amplitude tends
to be higher in the under-25-year-old age group and
to show little significant change during the rest of
the age span.® 2! 3 Pattern—onset-offset stimulation
is less often used in clinical studies, and few norma-
tive studies have been performed. Most of these
studies have shown greater variability over the life
span of the C; C, and C; components, particularly
in the young age group.'* %

We have carried out a study to determine the
normative data for flash, pattern-reversal, and
pattern—onset-offset stimulation in the same sub-
jects in each decade of life from 10 to 70 years of
age.” The results are shown in Table 55-1. It can be
seen that the flash P, latency significantly increases
with age and shows a mean latency increase of 20
ms over the age span and that this must represent
neural aging. At the same time the increase in the la-
tency of the pattern-reversal P100 response is only 3
ms. Greater changes were seen in the C, component
of the pattern onset-offset, but it should be noted
that the C, component could not be reliably identi-
fied in the young age group.

Normal Values for VEP Latency Throughout the Adult Life Span*

Pattern-Reversal

Pattern-Onset

Decades Flash P, Component P00 (66-Minute Check) C, (56-Minute Check)
(yr) Latency (ms) Latency (ms) Latency (ms)
10-19 114.5 + 9.841 108.56 + 10.9 1
20-29 120.75 = 10.99 101.78 = 7.64 98.0 + 14.0
30-39 1217+ 7.8 106.78 * 4.91 99.0 + 4.6
40-49 126.8 + 11.26 104.6 + 5.15 102.9 = 9.95
50-59 122.5 + 15.45 102.89 * 6.75 105.6 = 13.1
60-69 127.28 = 11.28 109.22 = 10.45 110.5 + 9.8
70-79 134.25 + 12.72 111.00 + 8.7 116.4 + 9.2

*Normal values for VEP latency throughout the adult life span to flash stimulation, pattern-reversal stimulation, and
pattern-onset stimulation. No data could be obtained in the younger age group for pattern-onset stimulation due to
variability of the components. It should be noted that the smaller standard deviations seen for pattern-reversal stim-
ulation are only apparent over a limited age group between 20 and 60 years of age.

tValues are means + 1 SD.

}Pattern-onset data not available due to ambiguity of the waveform.
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TABLE 55-2.

Normal Values for Mean Monocular Latency Variation*

Decades Flash P, Pattern-Reversal Pattern-Onset
(yr) (ms) P10o (Ms) Cy (ms)
10-19 3.5 +1.87t 6.3 + 4.81 —
20-29 5.4 +3.55 6.7 * 6.49 6.5 = 3.87
30-39 5.5 +5.42 245+ 1,62 4.25 + 3.39
40-49 5.3 *4.04 3.55 + 2.14 4.4 + 251
50-59 4.65 = 2.98 2.1 +158 3.85 + 4.43
60-69 4.6 +455 5.4 +6.83 242 +1.36
70-79 5.0 = 3.72 7.05 = 5.98 420+ 39

*Mean monoqular latency variation for flash, pattern-reversal, and pattern—onset-offset principal components. No
data are available for pattern onset in the 10 to 19 decade due to the variability of components. Again it is clearly
apparent that the smaller standard deviations of the pattern-reversal P100 component are only apparent between

the ages of 30 and 59 years.
tValues are means = 1 SD.

For the same subjects we obtained normative val-
ues for mean monocular variation in latency since in
diagnostic studies it is essential to compare the af-
fected eye with the fellow eye of the same patient.
These data are shown in Table 55-2. It can be seen
that the mean monocular variation is very similar for
the three types of stimuli. The superiority of the pat-
tern-reversal stimulus in producing a relatively nar-
row normal range of monocular variation? is actu-
ally only apparent for the age groups between 30
and 60 years.

A number of studies have demonstrated that
small but significant differences exist in the mean la-
tency of the checkerboard pattern-reversal evoked
potential between the two sexes. Stockard et al.*
compared the responses of 15 age-matched men and
women and showed a mean latency of 98.8 (SD,
5.78) ms for women and 111.5 (SD, 6.2) ms for men.
There was no sex difference in interocular latency
variation. These findings have been confirmed by
Halliday® in a study of 69 healthy women and 65
healthy men who were not age matched. The reason
for these differences has not been established, al-
though similar small sex differences in the flash re-
sponse have also been reported.> ”

DIURNAL PATTERNS

Circadian variations have been reported for the
pattern-reversal VEP latencies and amplitudes. The
longest latency is said to occur in the early morning
between 2 and 5 A.M. when the amplitude is also
the lowest. The shortest latency is around 5 P.M.,
the difference in latency being of the order of 6 ms.?®

The effect on the flash VEP is not as clear, and it
is suggested that the P, latency varied by less than
+5%, but there was a clear amplitude difference of

around *15%.%® They also suggest, however, that
this variation may be partly due to alterations in the
level of attention.

INTERTEST VARIABILITY

Within an individual there is really remarkably lit-
tle variation in the VEP over months or even years.
This is true for the flash VEP as well as for the pat-
tern-reversal and  pattern—onset-offset VEP.?°
Ciganek® found that most of the trial-to-trial variabil-
ity of flash VEPs was due to contamination with the
background activity of the EEG since there is some
tendency toward phase locking of the background
activity. Obviously, the averaging process does not
entirely get rid of the background activity since the
number of trials required to entirely remove this ac-
tivity would be infinite. Ciganek pointed out that
there was a marked reduction in the variance of the
VEP that occurs about 80 ms after the flash and thus
the N, and P, components are relatively little af-
fected. Contamin and Cathala'' found only a 15%
variability in latency. In a similar manner, variability
of the pattern-reversal VEP is small and shows re-
markably little variation over 11 consecutive aver-
ages of 200 pattern reversals.® All evoked potentials
show much more variation between individuals than
they do within an individual, and in any single indi-
vidual the latency factor shows less variability than
does amplitude.

ARTIFACT RECOGNITION

Problems of artifacts have been dealt with in
Chapter 49. It should be remembered when examin-
ing evoked potentials that in general any artifact is
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unlikely to be time locked to the stimulus, with the
exception of photomyoclonic responses and inten-
tion tremors or the electroretinogram. Obviously it is
essential to repeat each averaged VEP under each
stimulus condition so that any artifact that has oc-
curred during one particular series of responses and
contaminates that average is unlikely to be present
on a second occasion.

PATIENT COMPLIANCE

In general, patient compliance is not a great diffi-
culty, and many of the artifacts accidentally gener-
ated by patients have been dealt with in Chapter 49.
One factor that has not been thoroughly dealt with,
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however, is the problem of optical blurring affecting
the latency of the VEP. As might be expected, the
VEP to pattern stimuli containing clear contours are
markedly affected by any optical blur. A number of
studies have been made of the effect of optical blur-
ring on pattern VEPs.'% % % Optical blurring clearly
increases the latency of the pattern-reversal VEP, the
effect being more pronounced the smaller the pat-
tern elements. Often a 3-D blur increases the latency
of the P100 component by around 4.5 ms in re-
sponse to 56-minute checks and by 20.4 ms in re-
sponse to 14-minute checks. If pattern onset-offset is
used, then it is found that the C, component (the
one normally associated with contour) is the most
sensitive, and massive shifts in latency can be seen
at relatively low amounts of defocusing (Fig 55-2).

ZOOW
PATTERN ONSET CII T PATTERN REVERSAL P100
14" CHECK 130 14’ CHECK
190 J
120 -
180
110 4
170
5 100 |
@ 160
2 4
8
Z 90 —
“ 150
& _
) -
=
140 J
120 4 FLASH P2
130
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120 4
=
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T T | 4 T T T
-5 -4 -3 -5 —E. o +1 +37 +3 +'4 +g —g —5 —5 —5 —'l (r) +.!L +5 +‘3 +'4 +'5
OPTICAL BLUR (DIOPTRES)
FIG 55-2.

Effect of defocusing on the latency of the C, component of pattern-onset stimulation, the P100 COMponent to pattern reversal,
and the P, component of flash stimulation. It can be seen that defocusing has the most marked effect on the C, component of
pattern onset, even a shift of 1 D markedly affecting the latency of the component. Similar effects are seen in the pattern-
reversal P100 component, although here shifts of more than 1 D are needed. Both components show a marked sensitivity to
positive optical blurring, probably representing the eyes’ differential ability to accommodate to positive and negative defocus-
ing. It should be noted that the flash P, component is completely uneffected by any degree of defocusing, thus indicating that
correct refraction is not required for flash stimulation since it is of course a diffuse stimulus.
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As is to be expected, however, the P, component of
the flash VEP is not altered by any amount of defo-
cusing since it is, of course, a diffuse stimulus. This
does, of course, provide the flash response with a
degree of clinical robustness that often is useful in
conditions where patients cannot or will not fixate
on patterns or where refractive errors are unknown.
It is therefore useful in conditions involving opacity
of the media or in conditions where the patient is
anesthetized. When pattern stimulation is used, the
patient’s visual acuity should be checked and cor-
rectly refracted for the viewing distance of the visual
stimulator.

With regard to patient compliance, the method of
obscuring the eye not under investigation is clearly
important. Whereas this can be relatively easily
achieved with pattern-reversal stimulation, success-
ful occlusion is much more difficult with flash stim-
ulation. Occlusion using an eye patch that is care-
fully taped around the edges of the orbit should be
used for bright flash stimuli. A response can still be
apparently obtained from a blind eye if there is light
leakage past the occlusion into the fellow eye of the
patient. In patients suspected of functional or hys-
terical blindness, care should be taken to make sure
that they do not close their eyes when presented
with either a flash or a patterned stimulus, and as
far as possible they should be made to fixate on the
center of the pattern stimulus. It is often found that
in difficult patients the use of pattern—onset-offset
stimuli is frequently advantageous in demonstrating
the integrity of vision since this stimulus appears
more difficult to actively defocus than the more com-
mon pattern-reversal stimulator.

REFERENCES

1. Arden GB, Faulkner DJ, Mair C: A versatile television
pattern generation for visual evoked potential, in
Desmedt JE (ed): Visual Evoked Potentials in Man: New
Developments. Oxford, England, Clarendon Press, Ltd,
1977.

2. Asselman P, Chadwick DW, Marsden CD: Visual
evoked responses in the diagnosis and management
of patients with suspected multiple sclerosis. Brain
1975; 98:261-282.

3. Barrett G, Blumhardt L, Halliday AM, Halliday E,
Kriss A: A paradox in the lateralisation of the visual
evoked response. Nature 1976; 261:253—255.

4. Bartl G, Van Lith GHM, Van Marle GW: Cortical po-
tentials evoked by a TV pattern reversal stimulator
with varying check sizes and stimulus field. Br | Oph-
thalmol 1978; 62:216-219.

5. Beaumont G, Mayes A: Do task and sex differences
influence the visual evoked potential. Psychophysiology
1977; 14:545-550.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Blumhardt L: Topography of Normal and Abnormal Pat-

tern Evoked Potentials in Man (unpublished Ph.D. the-
sis). University of Otago, Otago Harbor, New
Zealand, 1980.

. Buchsbaum MS, Henkin RI, Christiansen RL: Age

and sex differences in averaged evoked responses in
a normal population with observations on patients
with gonadal dysgenesis. Electroencephalogr Clin Neu-
rophysiol 1974; 37:137-144.

. Celesia GG, Daly RF: Effects of ageing on visual

evoked responses. Arch Neurol 1977; 34:403—407.

. Ciganek ML: Visual evoked responses, in Stormvan

Leeuwen WS, Lopes da Silva FH, Kamp A (eds):
Handbook of Electroencephalography & Clinical Neurophys-
iology, vol 8A. Amsterdam, Elsevier Science Publish-
ers, 1975, pp 33-59.

Collins DWD, Black JL, Mastaglia FL: The effect of
refractive error on the visual evoked response. Br
Med | 1979; 1:231-232.

Contamin F, Cathala HP: Résponses electrocorticales
de ’'homme normal éveille a des eclairs lumineux.
Resultats obtenus & partir d’enregistrements sur le
cuir chevelu a I'aide d’un dispositif d’integration.
Electroencephalogr Clin Neurophysiol 1961; 13:674—694.
Copenhaver RM, Perry NW: Factors affecting visually
evoked cortical potentials such as impaired vision of
varying etiology. Invest Ophthalmol 1964; 3:665-675.
Cosi V, Vitelli E, Gozzoli A, Corona M, Ceroni M,
Callieco R: Visual evoked potentials in ageing of the
brain, in Courjon J, Mauguiere F, Revol M (eds): Clin-
ical Applications of Evoked Potentials in Neurology. New
York, Raven Press, 1982, pp 109-115.

De Vries-Khoe LH, Spekreijse H: Maturation of lumi-
nance and pattern EPs in man. Techniques in clinical
electrophysiology of vision. Doc Ophthalmol Proc Ser
1982; 31:461-476.

Drasdo N: A method of eliciting pattern specific re-
sponses and other electrophysiological signs in hu-
man subjects. Br | Physiol Opt 1976; 31:14-22.

Drasdo N: The neural representation of visual space.
Nature 1977; 266:544—556.

Dustman RE, Beck EC: The effects of maturation and
ageing on the waveform of visually evoked poten-
tials. Electroencephalogr Clin Neurophysiol 1969; 26:2—11.
Dustman RE, Schenkenberg T, Lewis EG, Beck EC:
The cerebral evoked potential: Life-span changes and
twin studies, in Desmedt JE (ed): Visual Evoked Poten-
tials in Man: New Developments. Oxford, England Clar-
endon Press, Ltd, 1977, pp 363-377.

Halliday AM: Evoked brain potentials: How far have
we come since 1875? in Barber C (ed): Evoked Poten-
tials. Lancaster, England, MTP Press, Ltd, 1980, pp
3-18.

Halliday AM: Evoked Potentials in Clinical Testing. Ed-
inburgh, Churchill Livingstone, Inc, 1982.

Halliday AM, Barrett G, Carroll WM, Kriss A: Prob-
lems in defining the normal limits of the VEP, in
Courjon J, Mauguiere F, Revol M (eds): Clinical Appli-
cations of Evoked Potentials in Neurology. New York,
Raven Press, 1982, pp 1-19.

Halliday AM, McDonald WI, Mushin J: Visual evoked
responses in the diagnosis of multiple sclerosis. Br
Med ] 1973; 4:661-664.

Harding GFA: The flash evoked visual response and



24.

25.

26.

27.

28.

29.

30.

31.

32.

Technical Issues in Visual Evoked Cortical Potential Recording

its use in ocular conditions. ] Electrophysiol Technol
1982; 8:63-78.

Harding GFA, Smith GS, Smith PA: The effect of var-
ious stimulus parameters on the lateralisation of the
visual evoked potential, in Barber C (ed): Evoked Po-
tentials. Lancaster, England, MTP Press, Ltd, 1980, pp
213-218.

Harding GFA, Wright CE: Visual evoked potentials in
acute optic neuritis, in Hess RF, Plant GT (eds): Optic
Neuritis. Cambridge, England, Cambridge University
Press, 1986, pp 230-254.

Jeavons PM, Harding GFA: Photosensitive epilepsy in
Clinics in Developmental Medicine, no 56. London,
Heinemann Medical Books, Ltd, 1975.

Lehmann D, Dorcey TM, Skrandies W: Intracerebral
and scalp fields evoked by hemiretinal checkerboard
reversal and modelling of their dipole generators, in
Courjon J, Mauguiere F, Revol M (eds): Clinical Appli-
cations of Evoked Potentials in Neurology. New York,
Raven Press, 1982, pp 41-48.

Leuders H, Lesser P, Klem G: Pattern evoked poten-
tials, in Henry CE (ed): Current Clinical Neurophysiol-
ogy. Amsterdam, Elsevier Science Publishers, 1980,
pp 467-525.

Skalka H, Holman J: Effect of pupillary dilatation in
flash VER testing. Doc Ophthalmol 1986; 63:321-324.
Snyder EW, Dustman RE, Shearer PE: Pattern rever-
sal evoked potential amplitudes: Life span changes.
Electroencephalogr Clin Neurophysiol 1981; 52:419-424.
Sokol S, Moskowitz A: Effect of retinal blur on the
peak latency of the pattern evoked potential. Vision
Res 1981; 21:1279-1286.

Spekreijse H: Analysis of EEG Responses in Man. The
Hague, Junk, 1966.

33.

34.

35.

36.

37.

38.

39.

40.

441

’

Spekreijse H, Duwaer AL, Posthumus Meyjes FE:
Contrast evoked potential and psychophysics in mul-
tiple sclerosis patients, in Lehmann D, Callaway E
(eds): Human Evoked Potentials: Applications and Prob-
lems. New York, Plenum Publishing Corp, 1979, pp
363-381.

Spekreijse H, van der Tweel LH, Zuidema T: Con-
trast evoked responses in man. Vision Res 1973;
13:1577-1601.

Stockard JJ, Hughes JF, Sharborough FW: Visually
evoked potentials to electronic pattern reversal: La-
tency variations with gender, age and technical fac-
tors. Am | Electroencephalogr Technol 1979; 19:171-204.
Stolz G, Ashoff JC, Born J, Aschoff J: VEP physiologi-
cal and psychological circadian variations in humans.
] Neurol 1988; 235:308-313.

Thickbroom GW, Mastaglia FL, Carroll WM: Spatio-
temporal mapping of evoked cerebral activity. Electro-
encephalogr Clin Neurophysiol 1984; 59:425-431.
Thorpe-Davis E, Schnider CM, Sherman J: Normative
data and control studies of flash VEPs for comparison
to a clinical population. Am | Optom Physiol Opt 1987;
64:579-592.

Vaughan HG: The perceptual and physiologic signifi-
cance of visual evoked responses recorded from the
scalp in man, in Burian HM, Jacobsen JH (eds): Clini-
cal Electroretinography. Oxford, England, Pergammon
Press, Ltd, 1966, pp 203-223.

Wright CE, Williams DE, Drasdo N, Harding GFA:
The influence of age on the electroretinogram and
visual evoked potential. Doc Ophthalmol 1985; 59:365—
384.



