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Deliberate alteration of the visual evoked potential
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SUMMARY Seven out of 12 normal subjects could deliberately produce abnormal pattern-reversal
visual evoked potentials (VEPs) which simulated disorders of the anterior visual pathways with-
out detection. In six the mechanism was near-point accommodation and in one eccentric fixation.
If voluntary suppression of the VEPs is suspected various modifications to the recording tech-
nique may be of value. These include the use of a large check size and stimulus field and binocular
stimulation.

The pattern-reversal visual evoked potential (VEP)
is an important and sensitive technique for detecting
disease in the visual pathways. The most useful
index of abnormality is prolongation of the latency
of the major positivity, P100, either absolute or rela-
tive to the opposite eye. Amplitude reduction is less
reliable but an inter-ocular amplitude asymmetry of
50% is generally regarded as abnormal. The major
clinical application of the VEP is in the diagnosis of
multiple sclerosis' 2 but it is of considerable value in
the investigation of visual failure. Whereas
demgyelinating optic nerve lesions typically cause
PIO latency prolongation, compression of the
anterior visual pathway is associated with waveform
distortion and amplitude reduction, often with rela-
tively minor latency increase.3 Stimulation of indi-
vidual half-fields is helpful for localisation of
chiasmal and post-chiasmal lesions4 and there are
characteristic half-field waveform changes in optic
nerve disorders which produce central or centro-
caecal scotomata.5 Technical factors which influence
the latency and amplitude of the VEP have been
extensively studied and include the mean lumi-
nance,67 contrast,8 contour sharpness9 and pattern
size. Io

The VEP may be useful in distinguishing between
functional and organic visual loss." The amplitude
of the P100 is particularly affected by reduced visual
acuity and the combination of grossly reduced acuity
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and a well formed VEP of normal amplitude is a
strong pointer to hysterical visual loss whereas an
abnormal VEP may be taken as evidence for organic
cause. A recent study by Bumgartner and Epstein'2
has demonstrated that normal subjects can deliber-
ately alter or obliterate their VEPs; this has obvious
implications for the use for the technique as an
objective test in the assessment of visual failure. In
this study the need for co-operation of the subject is
reaffirmed and methods of voluntary alteration of
the VEP are investigated.

Methods

Six male and six female healthy subjects participated in the
study. Ages ranged from 21 to 40 years and all had normal
corrected visual acuity. The stimulus was a black and white
checkerboard pattern slide projected via a rotating mirror
on to a translucent screen. The pattern field subtended an
angle of 180 when placed 1 metre from the subject's eye.
Slides with three different check sizes were used: 34' ( in
routine use in the laboratory), 22' and 68'. The luminance
of individual white squares was 1085 cdm 2 and black
squares 86 cdm-2. Five channels of EEG were amplified
and computer-averaged using a transverse occipital chain
of Ag/Ag Cl recording electrodes placed so that the mid-
line electrode was 5 cm above the inion with others 5 cm
and 10 cm lateral to this. All were referred to a midfrontal
electrode and the vertex was used for a ground. Pattern
reversal occurred at 2 Hz and the EEG was sampled and
averaged for 256 ms after the onset of each reversal. The
time constant was 0-3 seconds (- 3db) and the high fre-
quency filter was at 300 Hz. A display oscilloscope allowed
assessment of artefact and EMG activity. At least two runs
of 128 reversals were averaged for each eye separately; the
subject fixated on a red spot at the screen centre and the
other eye was patched. Abnormality was defined as P100
latency more than 2 5 standard deviations (SD) above the
mean, interocular latency difference of at least 9 ms or
P100 amplitude less than 50% of the opposite eye.
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VEPs were recorded first with a 34' check stimulus while
fixating normally (perceiving). The subject was then asked
to "make the pattern disappear without closing the eye or
moving the eye about" and the VEP was again recorded
(non-perceiving). More precise instructions on ways of
non-perceiving the stimulus was not given. The procedure
was repeated using 22' checks and 68' checks, perceiving
and non-perceiving. Ocular deviation and ptosis were care-
fully looked for and the subject immediately asked to
correct. At the end of the test the subject was asked to
describe the method used to make the pattern disappear.
The eye patch was removed, the room fully illuminated
and the subject demonstrated the manoeuvre while the
positions of both eyes were noted.

In some subjects who were able to alter the VEP further
experiments were performed during non-perceiving using
a flash stimulus and using a 34' check pattern stimulus with
binocular stimulation, half-field stimulation, the addition
of lenses and prisms of various strengths and reduction of
the eye to screen distance to 60 cm.

Results

Mean values for P100 latency and amplitude with
the 12 subjects perceiving and non-perceiving the
stimulus are given in table 1. All subjects had
entirely normal VEPs according to a separate pre-
viously established control series when fixating and
perceiving normally. Despite careful observation
more than half of the subjects could voluntarily pro-
duce an abnormal VEP in one or both eyes when the
standard 34' check was used (table 2). Amplitude
reduction was accomplished more easily than delay
in the VEP; two subjects could abolish the P100 and
in seven there was a 50% fall in amplitude whereas
four produced an absolute or relative abnormal
latency prolongation (fig 1) without any detectable
change in fixation. Seven subjects could increase the
latency by 5 ms, some by as much as 20 ms, produc-

Table 1 Latency and amplitude ofP100 with subjects
perceiving and non-perceiving the stimulus. 12 subjects, 24
eyes

Check size 22' 34' 68'

Latency (ms)
Perceiving Mean 106 102-8 103-3

Range 99-112 95-107 96-110
SD 3.5 4-0 4-4

Non-perceiving Mean 115 109 108-8
Range 99-131 98-123 97-126
Absent 3 3 -

Amplitude (pV)
Perceiving Mean 10-5 10-8 9-5

Range 4-28 5-26 4-19
Non-perceiving Mean 6-3 6 5 7-9

Range 0-29 0-26 1-22
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Table 2 Voluntary alteration of the VEP in 12 subjects

Check size 22' 34' 68'

Absent P100
Eyes 3 3 -

Subjects 2 2 -

Abnormal P100 latency
(> Mean + 2-5 SD)

Eyes 10 5 6
Subjects 6 3 3

Abnormal inter-eye latency
difference (- 9 ms) - 1 1
Amplitude reduction > 50%
Eyes 11 10 5
Subjects 6 7 3

Total abnormal
Eyes 13 12 7
Subjects 7 7 4

ing VEPs which might easily be regarded as evi-
dence for optic nerve demyelination (fig 2). Small
distorted VEPs typical of optic nerve compression
were seen in others (fig 3).

Ability to alter the VEP was clearly affected by
the size of the individual checks in the pattern
stimulus (fig 4). More subjects could increase P100
latency with a small (22') check stimulus whereas
the number of abnormal VEPs was reduced when
68' checks were used (table 2). Flash VEPs were
virtually unchanged by deliberate non-perceiving of
the stimulus.

Pupil size was monitored during all recordings;
diameters ranged from 2-5 mm and never altered by
more than 2 mm. Four subjects reported that they
",made the pattern go away" by near point focusing,
ie focusing on an imagined point in front of the
screen. There was no detectable eye movement but
slight pupillary constriction was noted. However,
when the other eye was uncovered it was seen to be
sharply adducted. All four had VEPs of abnormal
latency with 22' checks, 3 with 34' checks and one
with 68' checks. Two other subjects with abnormal
VEPs could not describe the manoeuvre used but
observation with both eyes uncovered indicated
near point focusing. One subject produced a delayed
small VEP by eccentric fixation on the top of the
screen; this was not detected by the observers. One
other produced a slight but not abnormal delay by
fixating beyond the screen. The remaining four
could not describe how they attempted to make the
pattern disappear; no pupillary constriction or
opposite eye adduction was seen and in these the
VEP did not change.
VEPs with stimulation of individual right and left

monocular half-fields were recorded in three sub-
jects who could alter the whole-field VEP bynear
point focusing. The abnormal (ipsilateral) P100 was
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Fig 1 Right eye wholefleld VEP: A,
perceiving normally, B, deliberately
non-perceiving the stimulus by near point
focusing. Check size 34', calibration
mark 2 ,utV.
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Fig 2 Wholefield VEPs: the sulect isfixating normally with the right eye, non-perceiving with
the left eye. Marked delay ofP100 on the left, compatible with optic nerve demyelination.
Check size 34', calibration mark 2 uV.

seen in all the half-fields studied and none of the
subjects showed a prominent contralateral P135 to
account for the delayed major positivity on full field
stimulation. Binocular VEPs were recorded in two
of these subjects; they were unable to produce
abnormal VEPs without detection of adduction by
observers.

In two subjects VEPs were recorded during near
point focusing while lenses of various dioptres were
inserted. Both showed some improvement in. the
abnormal VEP with the addition of -3 dioptre

lenses and dramatic improvement with -6 dioptre
lenses (fig 5) but positive lenses did not normalise
the VEP. The insertion of base-out prisms of up to
+ 8 dioptres and base-in prisms of up to + 24
dioptres had little effect on the abnormal P100.
Reduction in the distance between eye and screen

made alteration of the VEP by near point focusing
more difficult. Table 3 summarises the VEP data in
three subjects with the screen at 1 metre and 60 cm
from the eye, the angle subtended at the eye by each
check being maintained at 34'.
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Fig 3 Wholefield VEPs:
the subject is
non-perceiving with the
right eye, fixating normally
with the left eye. Grossly
attenuated Plh)?0 on the
right, compatible with
optic nerve compression.

- Check size 34',
calibration mark 2 ,tV.
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Fig 4 Right eye wholefield VEPs during near accommodation using pattern stimuli of3 check sizes.
Voluntary suppression of the VEP is increased by reduction in the check size. Calibration mark 2 ,uV.

Discussion

This study confirms the observation'2 that normal
subjects can deliberately alter the VEP to produce
responses typical of disorders of the anterior visual
pathway such as demyelination and compression
without being easily detected.
Near point focusing was found to be the most suc-

cessful method of altering the VEP. Near point
focusing has three associated reflexes: pupillary con-

striction, convergence and near accommodation.'3
This study suggests that the last of these three is
particularly implicated in voluntary VEP alteration.

Reduction of pupil diameter from 8 mm to 2 mm
reduces retinal illumination by more than 1 log unit,
a change known to prolong P100 latency by more

than 10 ms.67 However, in our subjects pupillary
change did not exceed 2 mm and this alone was

inadequate to account for the latency prolongation
observed. Although there was marked adduction of
the covered eye, movement of the tested eye was

minimal, insufficient to shift the retinal image away

from the macular area. This was confirmed by half-
field studies which demonstated a true delay of the
macular-derived P100 component rather than
enhancement of the paramacular P135. Further-
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Fig 5 Left eye wholefield VEPs,
electrode only shown here. From d
(P) VEP and VEPs during non-p
accommodation with the insertion
dioptres (+3D, none, -3D and -
-6 dioptre lens results in almost cc
response. Check size 22', calibrati

more the use of a base-out pri
image medially did not reverse
ing near point focusing, furt
convergence per se being th
change.
P100 latency can be prok

reduced by the use of defocu:
particularly the case when s
small.'4 '5 We found that vol
the VEP was enhanced by the
and was made more difficult 1
tance between eye and scr(
abnormal VEP produced by

Table 3 VEPs during perceiving i

near point accommodation with th4
60 cm from the eye. Mean ofdata)
Check size 34' at both distances

Latency (mu

100 cm from screen
Perceiving 104-6
Non-perceiving 121-7
60 cm from screen
Perceiving 106-6
Non-perceiving 115 9

Tan, Murray, Sawyers, Leonard

could be corrected by the addition of negative
lenses. These facts suggest that near accommodation
producing blurring of the pattern image on the
retina is the principle mechanism involved.
Awareness of the possibility of deliberate altera-

tion of the VEP is crucial for detecting a malingerer
or hysteric. If the suspicion is raised that abnormal
VEPs are factitious several modifications of the
VEP technique may help to confirm this. Observa-
tion of the pupil may reveal miosis but this was not
dramatic in our subjects and is by no means easy in a
darkened recording room, especially in a subject
with brown irises or wearing spectacles. Careful
checking for ocular convergence is essential but it
may be confined to the covered eye. Recording the

3
VEP with binocular stimulation may be helpful;
convergence may now be obvious or alternatively
VEPs to binocular stimulation may be of consider-
ably shorter latency and larger amplitude than when

..... . l each eye is tested separately. Increasing the stimulus
100 200 check size makes voluntary alteration more difficult

ms but improvement in the VEP with increased check
size does notper se confirm the suspicion of hysteria;

mia-occipital recorming we have noted that the delay in the P100 is more
above- normal perceiving pronounced with small checks in some patients with
erceivlng by near subclinical optic neuritis. Sensitivity must be

-6D). The insertion ofa weighed with specificity; a robust stimulus such as
gmplete restoration ofthe flash or large check pattern is less susceptible to vol-
fon mark 2 ,uV. untary alteration or the effects of uncorrected

refractive error but is also less sensitive in detecting
optic nerve disease.

in to shift the retinal One subject used far accommodation to produce a
the altered VEP dur- small delay in the VEP. In laboratories where the

ther evidence against stimulus screen is relatively close to the eye, for
e cause of the VEP example 50 cm this method of voluntary alteration

)nged and amplitude may be more important. Another subject altered the
VEP by fixating on the upper edge of the screen, as

sing lenses and this is has previously been reported by Uren et al.'6 This
timulus check size is suggests that though the use of a small stimulus field
untary suppression of may improve the detection rate in optic neuritis' 18
D use of a small check it also makes ocular non-compliance by eccentric
by decreasing the dis- fixation more difficult to detect.
een. In addition the In conclusion normal subjects can deliberately
x near point focusing produce abnormal VEPs by manoeuvres such as

near point focusing and near accommodation which
and non-perceiving by are not apparent to a careful observer. Techniques
e stimulus at 100 cm and such as the use of large checks, a large stimulus field
from 3 subjects, 6 eyes. and binocular stimulation may be helpful in

confirming this but it must be recognised that these
techniques can reduce the accuracy of the VEP in

s) Amplitude (1sV) detecting disease of the visual pathways.
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