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Pattern-onset visual evoked potentials in suspected
multiple sclerosis
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S U MM AR Y Visual evoked potentials (VEPs) were obtained by monocular stimulation using a
checkerboard pattern-reversal and pattern-onset technique. In 11 normal subjects, pattern-onset
VEPs were generally larger, better defined, and less ambiguous than those elicited by pattern-
reversal, because of the biphasic waveform characteristically obtained with pattern-onset stimu-
lation. In 68 of 105 patients with possible multiple sclerosis, VEPs were normal in latency by
both methods, and in nine adequate comparison was not possible. The incidence of normal VEPs
to pattern-reversal was similar to that found in several other studies of patients with possible
multiple sclerosis. Among the remaining 28 patients in whom VEP abnormalities were found, an

increased latency was detected in 75% with the pattern-reversal technique, and in 96% by
pattern-onset. In these patients, VEP abnormalities were obtained by monocular stimulation of
each of 46 eyes, and among these the pattern-reversal technique yielded abnormalities in 59%
and the pattern-onset method in 98%. These results indicate that VEPs elicited by pattern-onset
are useful in investigating patients with suspected multiple sclerosis, and the diagnostic yield mav
be greater than with conventional pattern-reversal techniques.

In recent years the usefulness of the averaged
visual evoked potential (VEP) in the diagnosis of
multiple sclerosis and other disorders affecting the
anterior visual pathway has been reported. In
clinical practice, VEPs are generally elicited either
by a flash of light or by the alternating reversal
of a checkerboard pattern,'4 the responses being
averaged by means of a small computer. The
VEPs elicited by pattern-reversal are more con-
sistent and more dependably identified than those
elicited by flash,2 perhaps because the pattern
stimulates the lateral inhibitory networks of the
visual system.5 Despite this advance, pattern-
reversal VEPs are sometimes obscured by unrelated
cortical potentials and can be difficult to interpret
accurately in clinical practice because of un-
certainty as to which wave constitutes the major
positive peak, the component of particular interest.
Moreover, it is still not clear whether this method
of eliciting VEPs is the most sensitive one for
detecting pathological involvement of the optic
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nerve. Indeed, Halliday" has recently stressed the
need for further studies to determine the optimal
method of stimulation for clinical purposes.
A second method of pattern stimulation is to

flash-illuminate the pattern, but the waveform of
the response elicited in this way is similar to that
elicited by unpatterned flash. VEPs may also be
obtained by transiently interrupting a uniforiii
grey field with a pattern. This presentation elicits
separate pattern-onset and offset responses whose
characteristics have been studied in several lab-
oratories. 7-10 We have compared the VEP ob-
tained with a standard checkerboard pattern-
reversal stimulus with that obtained by pattern-
onset of the same checkerboard in a group of
normal subjects in order to determine whether
the latter was more easily interpreted in practice.
In order to evaluate the clinical relevance of the
VEPs obtained by these two means, we have also
compared the findings in a group of 105 patients
with possible multiple sclerosis who were referred
for electrophysiological evaluation to detect in-
volvement of the anterior visual pathway. In
describing our findings, we have used the nomen-
clature and units of measurement proposed in
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the 1974 Brussels Symposium on Cerebral Evoked
Potentials." A preliminary account of our findings
was presented at the 1980 meeting of the Ameri-
can EEG Society.'2

Methods

Stimuli were projected from two 35 mm slides onto
the back of a translucent projection screen after the
method of Halliday and Michael.'3 Each projector
was fitted with an Ultrablitz electronic shutter to
control stimulus presentation. These shutters opened
completely in 3 ms and closed completely in 4-3 ms
Control experiments showed that shutter clicks them-
selves did not produce an evoked response under the
conditions detailed below. Both projectors were
mounted side-by-side, and the optical distortion
caused by their displacement from the perpendicular
axis of the screen was compensated for by photo-
graphing the slides from an angle equal to that of
the projector displacement. A square array of checker-
boards subtending 10 degrees of visual angle, hori-
zontally and vertically, and having a half-period of
50 min per check, was used as the stimulus for
pattern-reversal and pattern-onset. Luminance of the
bright squares was 415 ft-L (1425 Cd/M2), of the
black was 60 ft-L (205 Cd/M2), and of the near
background was 17 ft-L (60 Cd/M2). The contrast
between the black and bright areas, defined as [(max-
min)/(max+min)] X100, was therefore 75%.

In the standard pattern-reversal presentation, two
checkerboard slides were caused to alternate by the
stimulus trigger so that the black and white squares
would interchange. In the pattern-onset presentation,
the subject viewed a grey field until the stimulus was
triggered, when the field was replaced transiently by
the checkerboard for only the time necessary to
obtain a VEP (240 ms). With presentation of the
pattern stimulus for this duration, the pattern-onset
VEP was not confounded with the offset response.'4
The grey slide was made by superimposing a Kodak
03 D neutral density Wratten filter on a piece of
blank film, providing a luminance equal to the
average luminance of the patterns. A fixation point
was provided in the centre of the grey field. The
order in which the recordings were made was random-
ised. Stimuli were triggered at irregular intervals,
ranging from 10 to 3.5 s, to avoid spurious reinforce-
ment of late evoked potentials on the next stimulus
presentation. The VEP was obtained from standard
occipital 01 and 02 scalp electrode placement (10-20
International System), referenced to the vertex (C.).
The low and high frequency filters of the EEG ampli-
fiers were set at 0-05 and 100 Hz. A 60 Hz notch
filter (Q=3) was also used after pilot studies showed
an improved signal-to-noise ratio without any effect
on the timing or waveform of the evoked potential.
100 stimulus responses were averaged with a CAT
Mnemotron computer, which was triggered 25 ms
before the stimulus to establish a baseline. Calibration

was performed before testing each subject by averag-
ing a 10 AV, 100 ms pulse. The recording arange-
ments were such that occipital surface-positive poten-
tials caused a downward deflection of the trace.
Eleven normal subjects (six male, five female), aged

between 27 and 41 years, were examined fundoscopic-
ally for evidence of asymptomatic optic nerve involve-
ment but no abnormalities were found. Each subject
was tested monocularly with both the pattern-reversal
and pattern-onset presentation, while in a supine
position with the stimulus 1 m away. In addition, 105
patients (46 male, 59 female), ranging in age between
19 and 65 years, who were considered to have possible
multiple sclerosis according to previously-published
diagnostic criteria,15 and who were referred to this
laboratory for electrophysiological evaluation to detect
subclinical optic nerve involvement, were also tested
by both methods. Subjects and patients were tested
by both methods in random order at the same
session.

Results

Normal subjects
The waveform and time-course of the potential
usually evoked by the pattern-reversal stimulus
was similar in all important aspects to that re-
ported by other workers.4 16 This consisted of an
occasional first positive wave, a low amplitude
negative wave, and then a large (principal) posi-
tive wave occurring at about 100 ms after the
stimulus. However, this waveform varied between
subjects so that it sometimes became difficult to
identify the principal positive wave with certainty.
The form of the potential evoked by the checker-
board pattern-onset stimulus differed from that
evoked by pattern-reversal. The prototype re-
sponse was a large biphasic curve, with a principal
positive peak at about 80 ms, followed by a princi-
pal negative peak at about 110 ms. Similar pattern-
onset VEP waveforms are reported by Estevez
and Spekreijse.10 As with the pattern-reversal
stimulus, the checkerboard pattern-onset presen-
tation also gave rise to idiosyncratic variations in
the response. When viewing pattern-onset stimuli,
subjects reported complete disappearance of the
pattern after-image before presentation of the next
stimulus pattern. Representative comparison of
waveforms elicited from two subjects by each of
these techniques are shown in the figure. The
potentials evoked by pattern-onset in each of the
11 subjects were compared with those elicited
by the checkerboard pattern-reversal technique.

In analysing the data, latency was measured to
the peak of the principal positive wave elicited by
pattern-reversal, and to the peaks of the principal
positive and negative waves evoked by pattern-
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Figure Comparison of VEP waveforms

elicited in two normal subjects by
pattern-reversal and pattern-onset
techniques. The arrows indicate the time
of stimulus reversal or onset. The
vertical bar represents 5 ,tV and the
horizontal bar represents 50 ms.
Occipital positivity is plotted downward.
Note the difference in configuration of
the waveforms evoked by the two
techniques.

onset stimulation. We have chosen to measure the
magnitude of an individual peak from the immedi-
altely preceding wave of opposite sign, as have
other workers.24 The mean amplitude of the
principal waves comprising the VEP elicited by
the checkerboard pattern-reversal and pattern-
onset techniques are shown in the table for com-

parative purposes. The average amplitude of the
principal positive component of the VEP elicited
by pattern-reversal was somewhat larger than that
elicited by pattern-onset, but this difference was

not statistically significant (p=0-0514). The
measured ampliltude of the principal negative wave
evoked by the pattern-onset stimulus was large,
however, because of the usual biphasic waveform
of the responses. Because of this characteristic
biphasic waveform, we found that the pattern-
onset response was generally the easier to read
since there was little ambiguity as to which was

the peak of interest. Responses were judged to be
more easily recognisable with the checkerboard
pattern-onset stimulus than the pattern-reversal
stimulus in six of the 11 subjects, recognisable
with equal facililty in two subjects, and less easily
discerned in three subjects. Although assessments
were made independently, there was complete

agreement between the two authors.
The latency of the principal positive peak

elicited by pattern-onset presentation of the
checkerboard stimulus was significantly shorter
than that elicited by pattern-reversal of the same

checkerboard (p=0-0001) as shown in the table.

Patients with possible multiple sclerosis
In 68 of the 105 patients with possible multiple
sclerosis, pattern-reversal and pattern-onset VEPs
obtained by monocular stimulation of each eye
were of normal configuration and had a latency
within 2-5 standard deviations of the mean as de-
termined in normal subjects (table). In nine
other patienits, the record obtained did not permit
adequate comparisons to be made; in five of these
patients the responses obtained from each eye
were uninterpretable irrespective of the stimula-
tion technique employed, because they differed so

markedly from the normal configuration or were

obscured by artifact. In a further two patients,
responses to pattern-reversal were clearly normal
in configuration and latency, while those to
pattern-onset were techn'ically unsatisfactory and
uninterpreta!ble; in two other patients, the con-

verse was true. These nine patients are omitted

Table Comparison of VEPs elicited in 11 normal subjects by pattern-reversal and pattern-onset techniques.
The Fisher paired-t test was used to measure significance of differences between the two techniques

Pattern-reversal Pattern-onset
Significance

Mean Standard Mean Standard of difference
deviation deviation

Latency of principal positive peak (ms) 97-5 7-5 78-5 4-7 0 0001
Amplitude of principal positive peak (,uV) 8-2 4-5 5-1 3-5 0-0514
Latency of principal negative peak (ms) 107-0 9 0
Amplitude of principal negative peak (,AV) 10 1 4 0
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from further consideration in this study. In the
remaining 28 patients, monocularly elicited VEPs
obtained by either or both stimulation techniques
were prolonged in latency to beyond 2-5 standard
deviations above the mean value for normal sub-
jects in at leas-t one eye. In 20 of these patients a
response of prolonged latency was found by both
techniques, and among these patients the abnor-
mality was bilateral in six instances. In the other
14 of these 20 patients delayed VEPs to pattern-
reversal and pattern-onset were found unilaterally,
and in five of these patients the responses obtained
by stimulation of the other eye were of prolonged
latency when elicited by pattern-onset but were
normal with pattern-reversal. In seven additional
patients, pattern-onset VEPs from both eyes were
delayed, buit the corresponding pattern-reversal
VEPs were normal in each eye. In the remaining
one patient a VEP of prolonged latency was found
in response to pattern-reversal stimulation when
the responses to pattern-onset were normal, and in
this instance the finding was unilateral, the re-
sponses obtained with stimulaltion of the other
eye by either method being entirely normal.
The incidence of abnormalities among the 96

patients with possible multiple sclerosis considered
here was 22% with the conventional pattern-
reversal technique for eliciting VEPs, and 28%
with the pattern-onset method. Among the total
of 192 eyes (96 patients) tested, the incidence of
abnormalities with the pattern-onset technique
was 23%, and by pattern-reversal was 14%.
Among the 28 patien'ts in whom VEP abnor-

malities were found, abnormalities were detected
with the pattern-reversal technique in 75%, and
detected by pattern-onset in 96%. However, the
presentation of our findings in this way does not
fully demonstrate the higher diagnostic yield with
the pattern-onset method, because some patients
had bilateral VEP abnormalities which were not
indicated by the pattern-reversal technique. If
the responses obtained by stimulation of each eye
among the 28 patients with VEP abnormalities
are considered separately, abnormally delayed
responses to both pattern-onset and pattern-
reversal stimulation were found in 26, to pattern-
onse't alone in 19, and to pattern-reversal alone
in one, while the responses were normal in the
remaining 10 of the 56 eyes tested. That is, VEP
abnormalities were obtained by monocular stimu-
lation of each of 46 eyes, and among these the
pattern-onset technique yielded abnormalities in
98% and the pattern-reversal method in 59%.
When VEPs of prolonged latency were found in

response to pattern-onset stimulation, generally

both the principal positive and principal negative
waves were delayed. In only one instance was
there a dissociation between these two peaks in
this regard. The patient had a prolonged pattern-
reversal VEP with monocular stimulation of the
right eye, and with pattern-onset stimulation the
principal positive wave was similarly prolonged
in latency while the latency of the subsequent
principal negative wave was just within 2-5 stan-
dard deviations of the mean in normal subjects.

Discussion

The utility of evoked potential techniques in help-
ing to establish a diagnosis of multiple sclerosis is
beyond question. In patients with symptoms or
signs of only a single neurological lesion, evidence
for a multiplicity of lesions may depend on the
detection by electrophysiological means of sub-
clinical involvement at other sites in the nervous
system, and such findings may obviate the need for
time-consuming, expensive and possibly hazardous
further investigations. The incidence of VEP ab-
normalities is lower in patients in the diagnostic
category of possible multiple sclerosis'5 than in
patients with definite multiple sclerosis, tending
to lie between 20 and 30% in the former, and
between 75 and 97% in the latter group.'7 This
is unfortunate since it is for patients with possible
multip'le sclerosis that there is a need to establish
the diagnosis wi'th greater certainty.
The relaitively low incidence of VEP abnor-

malities in patients with possible multiple sclerosis
may be due to several factors. First, the actual
incidence of multiple sclerosis among such patients
may be fairly small. Second, the incidence of in-
volvement of the anterior visual pathways is prob-
ably considerably less than at a more advanced
stage of the disease. With these points in mind, it
would be of consideralble interest to follow a group
of patients in the diagnostic category of possible
multiple sclerosis, to determine the proportion
that actually went on to develop the disease, and
to correlate this with the VEP findings obtained
when the diagnosis was uncertain. The third
factor that may account for the relatively low
incidence of VEP abnormalities in patients with
possible multiple sclerosis is related to the sen-
sitivity of the technique used; the method may
not be sufficiently sensitive to detect very early
involvement of the anterior visual pathways. In
this latter regard, refinement in methodology may
improve the yield, but necessitates comparison
of the results of different techniques in the same
patients.'8 19
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Nilsson,19 in a somewhat similar study to ours,
compared the diagnostic yield of VEPs obtained
by checkerboard pattern-reversal stimulation with
those obtained by a display of light-emitting diodes
(LEDs) generating a reversal of a patitern of
illuminated red circular areas. In patients with
possible multiple sclerosis, abnormal responses
were found in a higher proportion when the LED
stimulus was used, but recordings were less noisy
and more clearly defined with the conventional
technique, thereby permitting more reliable
latency delterminations. Hennerici and colleagues'8
have also reported a comparative study of different
VEP techniques. They compared conventional
checkerboard pattern stimulation with a technique
in which a small bright rectangle was placed in
the visual axis and served as a foveal stimulus.
The incidence of delayed VEPs was significantly
higher with the latter technique. Others20 have
found, however, that foveal stimulation, at least
with a small checkerboard pattern (each square

subtending 15 min arc), was clinically unaccept-
able because of the marked variability in the re-
sponse obtained in the same patients at different
times.
We have compared the VEPs elicited b)

reversal and onset of a checkerboard pattern
stimulus in normal subjects and patients with
possible multiple sclerosis. Although smaller
checks than those we used are known to elicit a
response of larger amplitude, we did not include
them in this study because they were reported by
others3 21 to be less effective in distinguishing a
healthy optic nerve from one affected by retro-
bulbar neuritis or multiple sclerosis, alt'hough the
work of Duwaer and Spekreijse22 did not seem to
substantiate this view. A practical advantage of
using large checks in clinical examinations is that
patients often present without proper optical cor-

rection, and with large checks the adverse effect on
the VEP of their uncorrected vision is minimised.22
There is no general agreement about the optimal

montage for recording VEPs. We recorded from
0, and 02 with reference to Cz, a commonly used
arrangement. Some prefer to record from 0, or

from just above this point, but in fact there is a

broad area in the occipital region-encompassing
both 0 and 0, and 02 from which a large princi-
pal positive wave can be recorded in response to
-attern-reversal stimulation.24 We chose Cz as the
reference point as this is generally preferred to
linked mastoids, and because the waveform of
interest is usually of the same latency but opposite
polarity at this site compared to that recorded
occipiitally; a differential amplifier consequently
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produces in-phase summation, and thus a response
of maximal amplitude.25 Other authors have, how-
ever, preferred a mid-frontal location for the
reference electrode.
We compared the results obtained in a group

of 105 patients with possible multiple sclerosis,
when the VEP was elicited by a checkerboard
stimulus presented in two different ways. In nine
patients, however, the recordings obtained did not
permit adequate comparison of the two methods
and these cases were therefore omitted from fur-
ther consideration. We found unilateral or bi-
lateral VEP abnormalities in 28% of our remain-
ing 96 patients by pattern-onset stimulation. With
a conventional pattern-reversal technique, how-
ever, unilateral or bilateral abnormalities were
found in only 21 pajtients (22%) and this cor-
responds closely to the incidence of abnormalities
in this diagnostic category reported by others with
this same technique. 17 Accordingly, there is no
reason to believe that the yield with pattern-
reversal stimulation in our series was artificially
low. Furthermore, although the standard devi-
ation of the mean latency of the first major posi-
tive component of the response to pattern-reversal
in our normal subjects was larger than in some
published series, it was similar to-or smaller
than-thait reported in others. 17

In all of the patients in our series who had an
abnormal VEP, subsequent clinical developments
and the results of other investigative procedures
have so far remained compatible with the clinical
diagnosis of possible multiple sclerosis, but a longer
follow-up period is necessary for a more definitive
statement to be made in this regard. It is perti-
nent to note, however, that so far no "false-
positive" cases have come to light, that is, in
none of our multiple sclerosis suspects with an
abnormal VEP by one or both methods has any
other structural pathology since come to be
recognised.
We found in normal subjects that the VEPs

elicited by pattern-onset of a checkerboard stimu-
lus were generally unambiguous and better defined
than the responses obtained by pattern-reversal
stimulation, and the latency to peak of the major
positive wave was shorter. In patients with poss-
ible multiple sclerosis we found an increased inci-
dence of VEP abnormalities with pattern-onset of
the checkboard stimulus rather than pattern-
reversal. This higher yield could reflect the smaller
standard deviation of mean latency obtained with
pattern-onset stimulation in normal subjects, for
reduced normal variability should facilitate the
recognition of pathology. To test this possibility,
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we re-analysed the VEPs elicited by pattern-
reversal among the 46 eyes shown to have abnor-
mal delays by either form of stimulation. By ap-
plying the smaller standard deviation of pattern-
onset to the pattern-reversal mean latency, only
four additional monocular responses fell into the
abnormal category, raising the yield with pattern-
reversal stimulation from 59% to 67%. This
artificially increased yield is still considerably less
than the 98% yield of pattern-onset stimulation,
suggesting that reduced normal variability cannot
be held to account for the increased yield with the
pattern-onset technique. We therefore believe that
pattern-onset stimulation is more sensitive than
pattern-reversal to pathology of the visual path-
way.

In an earlier study,26 we showed that the differ-
ences in waveform and latency of the responses
evoked by pattern-reversal and pattern-onset
stimulatioil are due to adaptation to the stimulus
when the pattern-reversal technique is used. We
therefore suggest that when the visual system is
adapted to the pattern, the pattemn itself becomes
less effective in detecting pathology within the
visual pathway.

We are grateful to Ms Mary Mantle and Ms
Marcia Jensen for technical assistance, and Ms
Lily Morita for secretarial help.
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