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Transient visually evoked potentials to sinusoidal
gratings in optic neuritis
GORDON T PLANT

From the Department ofNeurology, Addenbrooke's Hospital, and the Physiological Laboratory, Cambridge
UK

SUMMARY Transient visually evoked potentials (VEPs) to sinusoidal gratings over a range of
spatial frequencies have been recorded in cases of optic neuritis. The use of the response to
pattern onset in addition to the response to pattern reversal extended the range to higher spatial
frequencies by up to two octaves. There was an increase in VEP delay and a greater degree of
discrimination from a control group at higher spatial frequencies. This finding is discussed in the
light of previous reports of luminance and checkerboard VEPs in demyelinating optic nerve

disease. An attempt is made to relate amplitude changes in various VEP components to contrast
sensitivity measurements in this group of patients.

Following the demonstration by Halliday et al' of
the delayed pattern visually evoked potential (VEP)
in optic neuritis and multiple sclerosis2 the test has
become a useful clinical tool in the diagnosis of the
latter condition. The earliest reports, however, of
more than a 90% incidence of abnormalities in the
important "probable" and "possible" diagnostic
categories have not been confirmed by subsequent
workers who have found abnormalities in only, for
example, 19%3 or 38%4 of the "possible" group.
This has prompted attempts to improve the diagnos-
tic yield by modifying the parameters of the visual
stimulus. Change in luminance5 and orientation6 7
has been tried, as has the use of additional stimuli
such as a foveal stimulus8 or photic driving,9 each
with some success.
The final objective of the present study is similar.

Rather than study a large number of patients refer-
red for diagnosis it was proposed to investigate a
small number of patients known to have optic
neuritis and to look at each in greater detail than
would otherwise be practicable. The stimulus para-
meter that has been varied is the size of the pattern
elements. In preference to changing the check size
of the more commonly used checkerboard stimulus,
gratings with a sinusoidally varying luminance
profile have been employed and their spatial fre-
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quency (periodicity of the light and dark bars of the
grating) altered. Following the introduction of such
gratings by Schade'° and the suggestion by Campbell
and Robson" of their potential significance to visual
processing there has been much experimental work
establishing their importance in the study of the vis-
ual system in health and disease. In the present con-
text a cogent argument for the use of gratings as
opposed to checks is that the former may be a more
selective means of stimulating neural elements shar-
ing a particular receptive field size. It is this that is
hoped to be achieved by varying the spatial periodic-
ity of the stimulus.

Method

Vertical gratings with sinusoidally varying luminance
profiles were generated on an oscilloscope screen (P3,
phosphor). The space-averaged luminance of the screen
was 200 cd/M2 which remained constant in time however
the pattern on the screen was modulated. The contrast of
the gratings used was at all times 55%. The screen was
masked to give a circular field and the surround illumi-
nated to approximately the same luminance and hue as the
screen. In pattern reversal mode the grating was counter-
phase shifted in square-wave fashion at 1 Hz (that is the
bright and dark bars abruptly exchanged position at
500 ms intervals). The signal effecting the pattern reversal
also triggered the averager. In pattern onset mode the grat-
ing was alternated with a blank field of the same average
luminance at 1 Hz but the averager was only triggered
when the grating was turned on. Silver-silver chloride elec-
trodes were used, the active electrode being in the mid-line
5 cm above the inion referenced to an electrode situated at
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the vertex. The earth electrode was also in the mid-line,
equidistant between the other two. Potentials were con-

ventionally amplified using a band-width of 1-6-80 Hz.
The single channel signal was averaged by means of a

mini-computer (CA alpha) incorporated in an Evoked
Response System (Cambridge Electronic Design). Two-
hundred and fifty-six responses were averaged throughout
and the sampling frequency was 800 Hz with a time-base
of 300 ms. The results were stored on floppy disc for sub-
sequent analysis.
Monocular VEPs with natural pupils were recorded in

all instances. The ambient illumination in the room was

kept at a constant, low level. The field size and viewing
distance were varied according to the desired spatial fre-
quency of the stimulus as gratings finer than 4 cycles/cm on

the screen could not be generated. For spatial frequencies
of 2 cycles/degree (c/°) and below the viewing distance was

57 cm and the screen subtended 200 of visual angle. Up to
1O c/° the viewing distance was increased to 1 14 cm giving
a field size of 100 and higher spatial frequencies were

recorded at 228 cm. A fixation mark was provided to
stabilise accommodation and minimise eye movements.
Contrast sensitivities were measured later the same day
using a separate but identical display. Stationary gratings
were used and the patient varied the contrast of the
stimulus himself using a logarithmic attenuator, gratings
being presented initially below threshold and the contrast
increased until they were deemed just visible. The mean of
at least three settings was always taken.

Subjects
Seven control subjects, having a similar age distribution to
the patients, were used. The thirteen patients were selected
according to the following criteria: (1) All had had an

attack of unilateral optic neuritis more than 2 and less than
18 months previously. (2) All had modest, if any, residual
deficit as judged by symptomatology, Snellen acuity and
Ishihara testing. (3) Where patients had had checkerboard
VEPs they were known to have modest abnormalities of
latency and amplitude. (4) None had any previous history
of visual or other neurological dysfunction. (5) None had
central or paracentral scotomata detectable by conven-

tional static perimetric techniques. All patients and con-

trols wore corrective lenses appropriate to the viewing dis-
tance where necessary.

VEP analysis
Peak latencies were measured. The amplitude of the first
major negative wave (called N1) was measured either from
its take-off or from the peak of the preceding positive wave
if present. The amplitude of the first major positive com-

ponent (P1) was measured from the Ni peak and that of
the second major positive wave (P2) from the preceding
negative peak.

Results

Figure 1 shows computer print-outs of VEPs
recorded in three of the patients studied. It will be
noted that a double peak to the major positive wave
occurs at the lowest spatial frequencies in one sub-
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ject. Pattern reversal responses are dominated by
the major positive wave, P1; and pattern onset
responses by the major negative wave, Ni. These
findings in normal subjects have been discussed in
detail elsewhere.'2

In fig 2 VEP amplitudes at different spatial fre-
quencies in four of the patients are plotted. The
amplitude of the pattem reversal potential above
4 c/° diminishes rapidly whereas the amplitude of
the pattern onset response peaks at a higher spatial
frequency. In the present study, therefore, pattern
reversal responses were utilised up to, and pattern
onset responses beyond 4 c/°. In 11 patients whose
visual acuity was 6/9 or better usable VEPs were
obtained up to 14 or 16 c/° in the affected eyes. In
two patients whose Snellen acuity was 6/18 reliable
VEPs were not obtained in pattern onset mode,
either because of low amplitude or very abnormal
waveform. This is considered to reflect the greater
selectivity of the pattern onset response to the pres-
ence of fine detail within the stimulus.

Figure 3 shows a comparison of the VEP latencies
in the affected eyes of the patient group with the
latencies obtained in the control subjects. Pl latency
was measured in the case of pattern reversal
responses and Ni latency in the case of pattern
onset. Mean latencies (+ SD) obtained in the 11
patients in whom VEPs were recorded across the
entire spatial frequency spectrum are shown.

It was found that the difference in latency bet-
ween the normal and abnormal groups varied in a
consistent way with change in spatial frequency. In
part this may reflect the increase in absolute latency
seen with increasing spatial frequency: as if the
added delay is proportional to the normal latency.
This cannot be the entire explanation, however.
Below 1 c/° the two groups cease to differ
significantly despite the fact that the mean latency in
the normal group is greater at 025 c/° than at 1 c/°.
Furthermore, when the stimulus mode switches to
pattern onset the mean delay at 4 c/° is 14 ms, where
the mean latency in the normal group is 73 ms. This
is the same mean delay as seen in the 2 c/° pattern
reversal condition where the expected latency is 93
ms.

In fig 4 the same data are plotted in a different
way. It is known that the interocular difference in
latency shows less variability in normals than does
the absolute latency. It may therefore achieve better
discrimination between normal and abnormal. The
interocular latency difference is shown in each of the
patients studied for each of the spatial frequencies at
which reliable responses were obtained. The dashed
line gives the interocular difference in the normal
group + 3 SD. The trend shown in fig 3 is again seen
but only at the highest spatial frequency are all the
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Fig 1 Computer print-outs offamilies of VEPs obtained to gratings ofdifferent spatial frequency in three of the cases of
unilateral optic neuritis (ON). Positivity is represented by a downward deflection. The importance ofthe first major positive
component in pattern reversal and the negative component in pattern onset responses is seen. There is great variability of
waveform below I c/° and of the later waves throughout.

patients outside the normal range when it is defined
in this way.
An attempt was made to relate amplitude changes

in the VEPs to threshold contrast sensitivity deficits
at the same spatial frequency. The ratio of the amp-

litude in the affected and unaffected eyes was used
in this analysis in view of the great variation in amp-
litude between individuals and across spatial fre-
quency. The contrast sensitivity loss was taken as the
difference in threshold contrast sensitivity between
the affected and unaffected eyes in DB.

In fig 5 the amplitude ratios are plotted against
the contrast sensitivity deficits at the same spatial
frequencies for the N1, Ni -P1 and N2-P2 compo-

nents. Pattern reversal responses to gratings of 1 c/°

and below have been plotted separately as have pat-
tern onset VEP results. Regression lines have been
fitted by the method of least squares. As can be seen
the strongest correlation was found for the N1-P1
component above 1 c/°. This finding may in part be
due to the fact that the Ni-P1 amplitude is the
most robust measurement. It is little influenced by
variations in the baseline unlike the Ni amplitude
when measured from take-off, as was necessary in
the majority of patients. The N2-P2 amplitude is
notorious for showing greater variability and indeed
in the present group of patients could not be
identified at all in a significant proportion, particu-
larly in pattern onset responses. Below 1 c/° all of
the components measured show greater variability
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Fig 2 VEP amplitude is plotted as a function ofspatial frequency in four ofthe patients studied. Filled symbols are
unaffected eye and unfilled symbols affected eye results. It should be noted that the pattern reversal response (0, 0)
encompasses a lower spatial frequency range than does the pattern onset response (A, A). Nl -Pl amplitude has been
plotted throughout except for the pattern onset result for patients VM and NN. In these cases the N1 amplitude is shown to
demonstrate that this component has a higher spatial frequency selectivity because it is an insignificant component of
medium spatial frequency VEPs.

because of the variation in wave-form, both between
subjects and between the two eyes in the same sub-
ject.

Discussion

The overall pattern of wave-form, amplitude and
latency variation with change in the spatial fre-
quency of the stimulus seen in the present group of
patients and controls is in accord with that reported
from this laboratory in a larger group of normal sub-
jects.12
As stated above the aim of this study was to

determine whether varying the spatial properties of
the stimulus had any effect on the discriminatory

properties of VEPs in demyelinating optic nerve
disease. There are reasons to suppose that employ-
ing sinusoidal gratings may be a more satisfactory
means of exploring this possibility than the use of
checks. Recent neurophysiological experiments
have demonstrated that whereas visual cortical cells
have a narrow response range to gratings of differ-
ent spatial frequencies'3 a checkerboard stimulus
will excite populations of cells each responding to
spatial properties of the stimulus which can be pre-
dicted from a knowledge of their spatial tuning
properties to sinusoidal gratings.14
When the spatial Fourier components of the

stimulus are considered and knowing that the amp-
litude of the VEP to the reversal of gratings is max-
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symbols results obtained in 11 eyes affected
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Fig 4 The data shown in fig 3 is here plot,
way. Individual differences in latency betwi
in the patients with unilateral optic neuritis
with the interocular latency difference in th
subjects (+ 3SD). The peak latencies of the
reversal (*) and the NI to pattern onset (C
two patients pattern onset responses could
(X).

higher spatial harmonics in the region 2-4 c/°. The
response to a checkerboard of 15' checks, on the
other hand, would be dominated by the response to

Ar its fundamental Fourier component, which is A/2
times the periodicity of the checks and hence 3 c/°.
In both instances, however, a similar population of

,TI cells is being stimulated. This is not to say that the
r TI checkerboard VEP will not show spatial selectivity.

That it does so has been repeatedly
demonstrated.""'7 The maximum VEP amplitude

T- I will be produced when the spatial Fourier compo-
- {TI[ nent of the checkerboard having the greatest amp-

l litude, its fundamental, coincides with the peak of
the function relating VEP amplitude to the spatial

4 10 14 frequency of sinusoidal gratings. This should occur
with 15' checks and, where the field size is compar-

PI component to able to that used in this laboratory, values close to
nent to pattern this have often been found to give the maximum
ive results VEP amplitude.'5 17- 20
-ts and closedtsbyand ataclose There is no comparable study employing a wided by an attack of

range of check size in individual cases of demyelinat-
lre is a tendency ing optic nerve disease. Using steady-state stimula-
tencies and to be tion Milner et al 21 studied eight cases of optic
nses. neuritis and found all to have abnormal interocular

latencies when a 50' check size was used but only six
to be outside the normal range using 14' checks.

from DeValoIs Other investigations have not found significant or
roduced by a consistent changes in VEP delays with different
of, say, 0-5 c/° check sizes.22 23 For the reasons stated above, how-
ant response to ever, the author considers these results to be difficult

to interpret with certainty.
o In the present study, using gratings, a consistent

pattern does seem to emerge. It was anticipated that
a very high proportion of patients would have
abnormal VEP latencies. Halliday et al ' found

o abnormalities in 90% of a similar group of patients
as have subsequent investigators.3 21 Of interest in

9 o the results therefore is the lack of a significant delay
9 when gratings of low spatial frequency are used and

§ ° the greater delay found with pattern onset than with
0 8 pattern reversal. There are two observations in the
8 -s- a literature which may be of relevance to the former
- o° of these points. Firstly VEPs to unpatterned flash do

not detect abnormalities as frequently as VEPs to
patterned stimulation.' 23-25 Secondly, using uniform
field flicker stimulation, Milner et al 21 found delays
in the medium temporal frequency range (13-

4 10 14 25 Hz) in all cases of optic neuritis but none of their
subjects demonstrated delays when high temporal

'ted in a different frequency stimulation was used (35-60 Hz).
een the two eyes This raises the possibility that the same neural
are compared elements are stimulated by high temporal frequency
e p1 to pattern unpatterned flicker and low spatial frequency grat-
)) areshown. In ings and that these elements are less susceptible to
not be obtained the effects of demyelination. This may be because

they are less likely to become demyelinated or, as
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Fig 5 The ratio of the VEP amplitude between the affected and unaffected eyes of the patients is plotted against their
contrast sensitivity deficit in DB at the same spatial frequency. Results for pattern reversal above and below I c/° and for
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been included, the N2 -P2 component was most frequently not present. Most ofthe components are related to the contrast
sensitivity deficit but the correlation is strongest for N1 -P1 above 1 cl°.

seems more likely, demyelination does not impair
their function in the same way as other fibres. It is
possible to offer an interpretation of this based on
the "X" and "Y' classification originally described
in retinal ganglion cells of the cat.26 Y cells have
larger receptive fields, larger diameter axons and
faster axonal conduction velocities than X cells and
exhibit more transient responses to appropriate

stimuli. Although the extent to which detailed cor-
respondence between cat and human physiology in
this respect can be inferred is uncertain"2 there is
reason to suppose that coarse gratings might predo-
minantly, if not exclusively, activate transient
mechanisms.28 Spekreijse,29 furthermore, has argued
that the different temporal frequency components of
the flicker EP may reflect activity in the X and Y
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subsystems independently. Halliday30 has proposed
a similar argument to explain the differences
obtained using uniform-field flash and pattern-
reversal checkerboard techniques. It may therefore
be speculated that the Y system is less susceptible to
the effects of optic nerve demyelination and this
possibility is supported by widely differing evoked
potential techniques.

Recent psychophysical investigations from this
laboratory3' have demonstrated that threshold con-
trast sensitivity deficits found to low spatial fre-
quency gratings in optic neuritis tend to diminish as
the contrast of the grating is temporally modulated
at higher rates, whereas in the case of medium spa-
tial frequency gratings it remains constant. If it is the
slower conduction velocities in demyelinated or
remyelinated axons that results in the impairment of
perception of stimuli undergoing rapid temporal
modulation32 then this psychophysical finding might
be explicable in terms of the results shown in fig 3.
As Hess and Plant3' point out, however, sensitivity
to low spatial frequency gratings modulated at high
temporal rates is less affected by diminution in the
area of the field (however this is achieved). Thus the
occurrence of islands of preserved function offers an
alternative or additional explanation. Further exper-
iments are in progress to pursue this question.
As far as spatial frequencies above 1 c/° are con-

cerned a major point of interest is that pattern onset
responses have longer delays than pattern reversat
(fig 3) if the delay is expressed as a proportion of the
expected normal latency. This finding lends itself to
an interpretation which follows on from the discus-
sion above. Pattern reversal responses above 3 c/°
may also be dominated by transient mechanisms but
to a lesser extent as spatial frequency is increased.
The argument and experimental evidence which
favours this view have been discussed by
Kulikowski.28 Pattern onset responses, on the other
hand, may well consist principally of pattern specific
mechanisms. That this might be identified with the X
system is supported by the finding that pattern onset
responses have a spatial selectivity higher in the spa-
tial frequency spectrum than reversal responses, as
X cells are known to have smaller receptive field
sizes. Thus it is possible that delays are greater with
pattern onset than pattern reversal stimulation
because a smaller proportion of the response reflects
Y cell activity. An alternative explanation is that the
smaller axons of cells with smaller receptive fields
are more susceptible to demyelination regardless of
whether they are X or Y, as within both classes there
is a range of fibre diameters and conduction vel-
ocities. If so a gradual increase in the delay across
spatial frequency would be expected rather than the
observed differences between gratings above and

below 1 c/° and between onset and reversal
responses.

Using a single check size Aminoff and Ochs33
found that pattern onset checkerboard VEPs
detected abnormalities in a higher proportion of
multiple sclerosis suspects than did pattern reversal.
Also of relevance to the present results is the finding
that the use of a small, square foveal stimulus was
more useful in suspected MS than the pattern rever-
sal checkerboard,8 as the use of a finer grating will
similarly result in a greater foveal contribution to
the response.
The extent to which the delayed VEPs observed

in demyelinating optic nerve disease may be
accounted for on the basis of decreased conduction
velocity across demyelinated segments has been dis-
cussed by McDonald.34 On present evidence the
conclusion is that it can only be a partial explana-
tion. Nevertheless it is compatible with the finding in
the present study that progressively greater delays
are found as spatial frequency is increased above
1 c/l for both reversal and onset VEPs. If it is
assumed that the conduction velocity across a
demyelinated segment is diminished by a constant
factor (25 times according to McDonald's calcula-
tions) then the slower conducting the group of
fibres, the longer will be the delay.

It is of interest to consider the present results in
the light of the theory of visual processing which
suggests in part a quasi-Fourier analysis of the visual
image implying co-operation between spatial chan-
nels of restricted bandwidth.35 36 If the increase in
latency of VEPs to gratings of higher spatial fre-
quency (paralleled by an increase in reaction time37)
reflects differences in retino-cortical conduction
time then in the pathological situation, however, if a
different added delay is produced in different spatial
frequency channels there might be impairment of
the visual system's ability to discriminate phase rela-
tionships. This would not result in a severely
degraded image38 but might lead to subtle abnor-
malities of visual perception as has been suggested
may operate in amblyopia.39
For a number of reasons it was anticipated that a

correlation would be found between VEP amplitude
and contrast sensitivity anomalies: Halliday et al40
found that the amplitude of the checkerboard VEP
in optic neuritis is related to Snellen acuity
(although this was not found by others in multiple
sclerosis3) and it is known that threshold contrast
sensitivity deficits in optic neuritis persist in supra-
threshold conditions.4' Furthermore VEP amplitude
is linearly related to log contrast and it is possible to
predict threshold contrast sensitivity by extrapola-
tion to zero voltage. A strong correlation, however,
was only found for the N1-P1 component and only
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above 1 c/°. Although (as outlined in the results sec-
tion) this may in part be explicable on the basis of
the greater scatter of the other parameters meas-
ured, it raises the possibility that only in the case of
the N1-P1 component and only above 1 c/° are the
same neural elements being studied by the evoked
potential and threshold contrast sensitivity techni-
ques. The results at low spatial frequencies might
also be related to Sjorstrand et al's4 finding that the
perception of coarse gratings in suprathreshold con-
ditions is not as simply related to threshold sensi-
tivity as is the perception of higher spatial frequency
gratings.

Contrast sensitivity loss in this group of patients
did not vary uniformly across spatial frequency,
confirming the findings of other investigators.4243
Latency changes, on the other hand, do appear to
vary in a consistent manner. It is therefore not anti-
cipated that a relationship between threshold con-
trast sensitivity and latency would be found.
Bodis-Wollner et al44 failed to demonstrate such a
correlation when comparing threshold losses and
grating VEP latency in a large number of patients
but at a single spatial frequency (2.3 c/°).
How might the present results be applied to the

task of designing an optimum VEP stimulus to
detect subclinical demyelination in suspected multi-
ple sclerosis? Clearly as high a spatial frequency as
possible should be employed and in this respect the
pattern onset response may well prove advantage-
ous. A coarser pattern, however, should be reserved
for patients with impaired central vision.

The author is grateful to the Wellcome Trust of
Great Britain for support. Thanks are also due to
Drs MFT Yealland and IMS Wilkinson for permis-
sion to study patients under their care and to the
staff of the EEG Department of Addenbrooke's
Hospital for technical assistance. Professor FW
Campbell has provided invaluable advice and
encouragement.
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