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Visual evoked cortical potentials and pattern
electroretinograms in Parkinson's disease and control
subjects
S NIGHTINGALE,* K W MITCHELL,t J W HOWE:
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SUMMARY Parkinson's disease patients have been shown to have abnormal visually evoked cortical
potentials (VEPs) to pattern stimulation. Whereas dopamine is not an important neurotransmitter
in the central visual pathways, the retina is rich in dopamine and, together with previous animal and
human studies, this suggests that the abnormal VEPs in Parkinson's disease patients may be due to
a biochemical and electrophysiological disorder in the retina. This hypothesis has been examined by
studying the VEPs and pattern electroretinogram (PERG) of Parkinson's disease patients and
matched control subjects. The amplitudes of the cortical and retinal evoked potentials were
significantly reduced in Parkinson's disease patients compared with the control subjects and this
could not be attributed to any particular feature of the disease or its treatment. There was a
significant relationship between the VEP P100 latency and the PERG amplitude. Moreover for
those subjects in whom there was an interocular difference in both cortical and retinal evoked
potentials, the abnormality was more commonly found in the potentials from the same eye. These
findings suggest that the abnormality of the VEP in Parkinson's disease patients is, at least in part,
secondary to an abnormality of the retina itself.

The measurement of the visually evoked cortical
potential (VEP) is a widely used non-invasive tech-
nique for studying the visual system and its most
important clinical application is in the assessment of
multiple sclerosis. However, changes in the VEP are
found in a variety of other central nervous system
disorders,' including Parkinson's disease.26 It is
perhaps surprising that there is a delay in the VEP in
Parkinson's disease, a disorder of the motor system in
which there is no obvious clinical involvement of the
visual system and with no pathological lesions, such
as demyelination, that might account for the delays in
conduction. Although the increased latency of the
VEP in multiple sclerosis has in general been attrib-
uted to demyelination in the visual pathways, other
mechanisms such as humoral factors, synaptic mal-
function or changes in dendritic potentials may play a
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part. Such mechanisms may also be relevant to cen-
tral nervous system disorders other than multiple
sclerosis which have abnormal VEPs. Although the
major clinical manifestations of Parkinson's disease
involve the motor systems and the responsible pathol-
ogy is located in the basal ganglia, there is evidence of
more widespread disease, both pathologically,7
electrophysiologically4 and clinically.5 In particular,
Kupersmith etal' have demonstrated reduced visual
contrast sensitivity in Parkinson's disease patients
compared with matched controls. There is ample evi-
dence in animals and man that changes in neuro-
transmitters alone can alter the VEP latency and
amplitude,8-10 and it seems likely that the abnormal
VEP in Parkinson's disease is produced in this way.
However, the site in the visual system at which neuro-
transmitter changes might influence the VEP is
unknown as is the mechanism by which this influence
might be exerted.
The fact that dopamine is found in the inter-

plexiform layer of the retina of vertebrates including
man,"' but is not known to be an important neuro-
transmitter elsewhere in the visual system, suggests a
retinal origin for the abnormality in the VEP. More-
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over, in cat and rat retina, changes in dopamine
metabolism occur with alterations in illu-
mination. 12 - 14 The interocular difference in the VEP
latency in some Parkinson's disease patients4 also
suggests a prechiasmal, possibly retinal, lesion. Fur-
ther evidence ofa retinal origin for the abnormal VEP
produced by altered transmitter levels is provided in
studies by Dyer et al8 on the delayed flash VEP in
hooded rats after dopamine depletion had been
achieved neuropharmacologically. In these rats the
VEP following direct optic nerve stimulation was of
normal latency whereas the flash-evoked potential
recorded directly from the optic nerve was delayed,
indicating that the abnormality responsible for the
delay in VEP to a flash stimulus was situated anterior
to the optic nerve, most probably in the retina.

Attempts to assess retinal physiology in Parkin-
son's disease have also been made. The function of
the retinal pigment epithelium has been studied by
means of the electro-oculogram technique (EOG) in
Parkinson's disease patients, who had reduced EOG
ratios and following levodopa therapy the ratio
returned to control values.'5 The function of more

proximally situated components of the retina have
been studied by Cavallacci and Perossini'6 in Parkin-
son's disease patients using the conventional flash
electroretinogram (flash ERG), but no abnormalities
were found apart from a reduction in the amplitude of
the "b" wave in some Parkinson's disease patients
who were overdosed with levodopa. Kupersmith
et al5 specifically studied the oscillatory potentials of
the flash ERG in Parkinson's disease patients, since
these potentials are thought to be generated by the
inner nuclear layer,'7 18 where the dopamine-
containing cells reside. However, no difference in the
oscillatory potentials between Parkinson's disease
patients and controls were found. Since the flash
ERG is a mass retinal response to which dopamine-
containing cells would only contribute a small part,
subtle changes in retinal physiology may be missed by
this technique. Moreover the VEP is largely a mea-

sure of macular function, whereas the whole retina
contributes to the relatively crude flash ERG
response. For these reasons the flash ERG, though
the conventional method of studying retinal phys-
iology, is not suitable for assessing possible retinal
abnormalities in Parkinson's disease patients.
We have chosen to study the pattern

electroretinogram'9 (PERG) in association with the
VEP in Parkinson's disease patients. Whereas the
flash ERG reflects the function of distal retinal layers
from a wide retinal area, current research suggests
that the PERG is generated in more proximal retinal
layers which include the retinal ganglion cells.2022
The flash ERG is a useful method of studying abnor-
malities of photoreceptor function and dark adapta-

tion, but little other information is obtained about
retinal physiology; indeed the flash ERG may, on
occasions, bear little relationship to visual function.
For example, it may be normal in the presence of
severe visual impairment from retinal lesions such as
macular dystrophy, and conversely may be abnormal
in patients with photoreceptor/RPE disorders while
central visual function remains relatively intact. In
contrast, the PERG is often abnormal when vision is
impaired due to disorders of the central retina and
optic nerve.23 - 29 The PERG may therefore be partic-
ularly relevant to the investigation concerning a reti-
nal origin of an abnormal VEP in Parkinson's disease
patients. Furthermore, the PERG and VEP can be
simultaneously recorded under identical stimulus
conditions27 2830-33 and this approach has been
adopted in the present study.

Patients and methods

Thirty-six patients with idiopathic Parkinson's disease were
studied (male 19; female 17). All were attending out-patients
at the Department of Neurology at the Royal Victoria
Infirmary in Newcastle upon Tyne. The severity of the Par-
kinson's disease was graded by an overall motor function
into Mild (Grade 1) when the clinical picture provided little
or no functional disability; Moderate (Grade 2) when there
was some troublesome interference with motor function
though most activities could still be performed; Severe
(Grade 3) when a variety of everyday activities could no
longer be performed; Very Severe (Grade 4) when the
patient was dependent on others for most or all of his needs.
Four patients were in grade 1, sixteen in Grade 2, thirteen in
Grade 3 and three in Grade 4. Twenty-seven patients were
taking drugs containing levodopa; five were also on anti-
cholinergic drugs and two also on bromocriptine. Four
patients exhibited the "on/off' phenomenon; fourteen
patients had chorea. The 28 control subjects (male 14;
female 14) were drawn from in-patients at the Royal
Victoria Infirmary, mainly from the Departments of Ortho-
paedic Surgery and Dermatology. Informed consent was
obtained in all cases.

All subjects (Parkinson's disease and control) were free of
ophthalmic or other neurological disorders and all had cor-
rected visual acuity better than 6/36 in each eye. The Parkin-
son's disease patients and control subjects were well
matched for age (Parkinson's disease mean age 62 6 years,
SD 5 3; control mean age 62-3 years, SD 6 9).

In each patient the corrected visual acuity was recorded,
and an ophthalmoscopic examination made in order to
exclude any ocular pathology which may have influenced the
results. Visual acuity was expressed in a decimal notation in
which 6/60 is 0-1 and 6/6 is 10.
The Flash and Pattern ERGs were obtained using Arden

gold foil electrodes with a silver/silver chloride disc reference
electrode placed over the outer canthus. An earth electrode
was attached to the mid-frontal area. The VEP was recorded
from scalp electrodes placed on the following positions:34
Active: Oz, Reference: Cz. A Ganzfeld stimulator was used
to obtain the photopic flash ERG. The control subjects were
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Fig 1 Examples offlash ERG, PERG and VEP obtained
from a controlfemale subject and a Parkinson's disease male
patient. Stimulus checksize 50'. Flash ERG stimulus 1J0
joules.

studied at intensities of both 0-1 joule and 1-0 joule. Twenty-
five Parkinson's disease patients were studied using the
higher intensity and eleven using the lower.
The PERG and VEPs were generated using a high quality

TV monitor producing a pattern-reversing checkerboard
under the following conditions:

Contrast-. 95%
Check Subtense-25' & 50'
Reversal rate-2 s - 1
Mean luminance-12 Cd.m 2
Field Size- 17° x 140

One hundred and twenty-eight stimulus epochs of 200 ms
were obtained in each average and the amplifier bandwidth
was selected to be 0 8-80 Hz. A LED (light emitting diode)
was attached to the centre of the screen to facilitate fixation
which was monitored independently using closed circuit TV.
It was a pre-requisite that adequate fixation could be main-
tained throughout the investigation for inclusion in the
series. Potentials contaminated by eye movement or blink
artifact were automatically rejected from the final average
signal. Patients who had "on/of' phenomenon were studied
during the "oW' phase, which is to say when they exhibited
Parkinsonian signs rather than chorea. In ten Parkinson's
disease patients, the evoked potentials were repeated using

Nightingale, Mitchell, Howe

the same method and very similar recordings were obtained.
The peak-to-peak amplitude of the "a"-"b" components

in the flash ERG was measured. A typical PERG (fig 1) con-
sists of an early negative component (Pattern Negative
l-PNl) of implicit time 30 ms, succeeded by a positive com-
ponent (Pattern Positive 1-PP1) at 60ms, and a later after
wave (PN2) at about 100-110Ims. In this study the peak-to-
peak amplitudes of the PPI-PN2 components were mea-
sured as were their implicit times. The VEP was analysed
with respect to the peak-peak amplitude of the P100-N150
components and their corresponding latencies (fig 1). The
tracings were randomised and the measurements made in a
blind manner by one observer (KWM).
The groups were compared by Student's t test; a pooled

variance estimate was employed unless the standard devi-
ations of the two groups were significantly different (p <
0 05), in which case a separate variance estimate was used.
Visual acuity and PERG amplitude were not normally dis-
tributed and for these variables a Mann-Whitney U test was
employed. Cori-elation between variables was assessed by
Pearson's product-moment correlation coefficient, except
for PERG amplitude when Spearman's correlation
coefficient (rho) was used.

Results

The following results of the visual acuity and evoked
potential measurements are based on the average
values of the left and right eyes of each subject with
the exception of the results presented in the section on
interocular differences. When low amplitude or gross
deformation of the recorded evoked potential pre-
vented measurement of latency or implicit time, the
case is excluded from the relevant analyses. The
slightly differing numbers of cases in the following
results reflect these missing values. In addition three
Parkinson's disease patients (two female; one male)
were unable to tolerate the Ganzfeld stimulator and
no flash ERG was recorded.

Visual acuity
No significant difference was found between the
visual acuity of the Parkinson's disease patients and
the control subjects (Parkinson's disease mean 0-60,
SD 0 30; Control mean 0-72, SD 0 30), nor between
the males and females (Males mean 0 62, SD 0 33;
Females mean 0 66, SD 0 28).

VEP amplitude
There was a significant difference in amplitude of the
VEP between the Parkinson's disease patients and
controls, both at 50' and 25' checksize (table 1). How-
ever, this difference was largely due to differences in
amplitude between female Parkinson's disease
patients and female control subjects, whereas the
amplitude of the male controls differed little from that
of the male Parkinson's disease patients. There was a
highly significant difference between the males and

.L-
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Table 1 VEP amplitudes

VEP Checksize MIF Controls Parkinson's disease All

Ampl. 50' F 17 4 (4-3; 14) p = 0-004 12 6 (4.0; 17) 14 8 (4 7; 31)
p = 0003 p < 0-001 p < 0001

M 112 (55; 14) (p = 006) 80 (25; 19) 9-4 (43; 33)
All 14-3 (5-8; 28) p = 0002 10-2 (4-0; 36) -

25' F 16 9 (3-5; 13) p < 0 001 10-9 (3 7; 17) 13 5 (4-7; 30)
p = 0-002 p = 0-001 p < 0-001

M 10-6 (5-4; 14) p = 0-036 7-0 (27; 18) 86(44; 32)
All 13-6 (5-5; 27) p < 0 001 8-9 (3-7; 35) -

Results for each group expressed in the form MEAN (STANDARD DEVIATION; NUMBER OF SUBJECTS). Details of the statistical
methods are described in the methods section.

females among both the Parkinson's disease patients
and control subjects.

VEP latency
The latency of the P100 and N150 components were
not significantly different between the Parkinson's
disease patients and control subjects at either check-
size, nor did separating males from females demon-
strate any significant difference between Parkinson's
disease patients and controls. The P100 latency of the
male subjects (mean = 122-3 ms, SD = 9 9, N = 33)
was longer than that of the female subjects (mean =
116-5ms,SD = 93,N = 31;p = 0019) at 50'check-
size and similar results were obtained with 25' check-
size (male mean = 125-2ms, SD = 106, N = 32;
female mean = 117-7ms, SD = 7-2, N = 30; p =
0.002). The latency of the N150 component was also
significantly longer for the males than the females at
both 50' (p = 0-008) and 25' checksize (p = 0011).
The temporal dispersion of the VEPs (calculated as
the latency difference between the P100 and the N1 50)
was no different in the Parkinson's disease patients
and control subjects at either checksize. There was a
significant inverse correlation between the VEP P100
latency and the VEP amplitude for all subjects at 50'
(r = -0-28, p = 0-01) and at 25' checksize (r =
-0 27, p = 0 01). For Parkinson's disease patients

alone, the correlation coefficient was -0 37 (p =
0-014) at 50' and -0-29 (p= 0 04) at 25' checksize,
but for control subjects no significant correlation was
observed. For all subjects or for Parkinson's disease
patients alone, partial correlation of VEP P100
latency and VEP amplitude controlling for age did
not affect these significant relationships, but control-
ling for sex did abolish the inverse correlation. The
inverse correlation of the VEP P100 latency and VEP
amplitude can therefore be partly explained by the
fact that female subjects tend to have shorter latencies
and greater amplitudes whereas in males the opposite
is observed.

PERG amplitude
The PERG amplitude was significantly higher in con-

trol subjects than Parkinson's disease patients at 50'
checksize (control mean = 5-01 pV, SD = 2.2, N =
28: Parkinson's disease mean = 3 77 pV, SD = 2-3,
N = 36; p = 0-03). For males alone the difference
was significant (control mean = 5 36pV, SD = 2-3,
N = 14; Parkinson's disease mean = 3-63 pV, SD =
2-4, N = 19; p = 0-047), but not for females alone.
Although the means of the PERG amplitude to 25'
checksize were greater in the control subjects than in
the Parkinson's disease patients for both sexes, there
was considerable overlap of the distributions and the
differences were not statistically significant.

PERG implicit time
There was no consistent difference in the implicit time
of the PP1 or PN2 wave at either checksize between
Parkinson's disease patients and controls. No consis-
tent significant differences were observed between the
sexes. There was a significant inverse correlation for
all subjects between the PERG amplitude and PPl
implicit time at 50' (r = -0-36; p = 0.003) and 25'
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checksize (r = -025; p = 0-04) and neither cor-
relation was affected by controlling for the effect of
age, sex or the presence of Parkinson's disease. The
correlation was also significant for the Parkinson's
disease patients alone at 50' (r = -0 59; p < 0 001)
and 25' checksize (r = -0-33; p = 0 04) and males
alone at 50' (r = -0 59; p = 0 001) and 25' checksize
(r = - 048; p = 0-004), but not for the females or
controls alone.

Relationship between cortical and retinal potentials
The relationships between the VEP P100 latency and
the PERG amplitude of all subjects at 50' checksize
are shown in fig 2. There is a highly significant inverse
correlation (r = -0 38; p = 0 001). The association
is also significant for each of the groups comprising
Parkinson's disease patients (r = -0-53; p < 0 001)
or male subjects (r = -0-55; p < 0 001). In particu-
lar, male Parkinson's disease patients who are the
group with the most abnormal cortical and retinal
potentials showed a close correlation (r = - 067; p
= 0.001). The relationship of the VEP P100 latency
and the PERG amplitude at 25' checksize showed
similar correlations in these subjects groups (all sub-
jects r = - 04; p = 0-001; Parkinson's disease
patients r = -0 53; p = 0001; males r = -0 57; p
< 0 001). There was little scatter among the control
subjects or among female patients generally and for
these groups the correlation was not significant. For
all subjects or for Parkinson's disease patients alone,
partial correlation of VEP P100 latency with PERG
amplitude controlling for the effect of age, sex or pres-
ence of Parkinson's disease did not affect these
significant inverse correlations; indeed controlling for
the effect of sex increased the correlation coefficient.

Nightingale, Mitchell, Howe

of the flash ERG to 10 joule flash stimulation
between the Parkinson's disease patients (mean =
96 puV, SD = 52, N = 22) and control subjects (mean
= 146 pV, SD = 40, N = 28) was observed. No
significant differences were noted between the sexes.
The amplitude of the flash ERG to 0 1 joule and the
implicit time at either stimulus intensity showed no
significant differences between Parkinson's disease
patients and control subjects or between the sexes.
Although for all subjects combined there was a cor-
relation between the flash ERG amplitude to I 0 joule
and the VEP amplitude to 50' (r = 0-42; p = 0-001)
and to 25' checksize (r = 0 44; p = 0.001), no cor-
relation was observed in the Parkinson's disease
patients alone. Controlling for the effect of age or sex
had little effect on this significant association, but
controlling for the presence of Parkinson's disease
reduced but did not abolish it. No correlation was
demonstrated between flash ERG and PERG for any
amplitude or implicit time measure in any subject
group.

Effect ofseverity, treatment and side effects of
treatment in Parkinson's disease patients
When the Parkinson's disease patients were divided
by severity into mild (grade 1 and 2) or severe (grade
3 and 4) no significant differences were observed
between the groups in any of the amplitude, latency
or implicit time measurements of either cortical or
retinal potentials. When either group was compared
with the control subjects there were no significant
differences other than those obtained by comparing
all the Parkinson's disease patients to control subjects
(described above). Similarly no significant differences
were found when the Parkinson's disease patients

Flash ERG
A significant difference (p < 0 001) in the amplitude

Table 2 Correlation ofage with VEP, PERG and Flash
ERG. (Parkinson's disease patients and controls combined)

Check N r p

VEP P100 50' 64 041 p < 0001
25' 64 048 p < 0001

NI50 50' 62 035 p = 0002
25' 63 043 p < 0001

Ampl. 50' NS
25' NS

PERG PPI 50' 57 0 31 p = 0 01
25' 51 040 p = 0002

PN2 50' 56 0.23 p = 0 04
25' NS

Ampl. 50' 64 -0 34 p = 0003
25' 63 -044 p<0001

Flash ERG Ampl. NS

N = number of subjects. r = correlation coefficient. The statistical
methods are described in the methods section. NS = not significant.
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were divided into those with and without chorea or

into those on levodopa treatment and those not on

levodopa treatment.

Effects of age
The association of age with the cortical and retinal
potentials is shown in table 2. The VEP P100 and
N150 latencies at both checksizes showed a positive
correlation with age and these correlations (for exam-
ple between VEP P100 latency to 50' checksize and
age) were strongest for Parkinson's disease patients
(r = 0-41; p = 0 006) and males (r = 0 49; p = 0 002),
but were also significant for control subjects
(r = 0-38; p = 0 023) and females (r = 0 35;
p = 0-026). Similarly partial correlation contrblling
for the effect of sex or the presence of Parkinson's
disease did not alter these significant correlations
between age and evoked potential. PERG implicit
times increased with age but though these cor-
relations were significant in the control group, the
Parkinson's disease patients showed no change with
age. However, the PERG amplitude of all subjects
showed an inverse correlation with age at either
checksizes, which was significant for Parkinson's dis-
ease patients at 50' (r = -0-51; p = 0.001) and at 25'
checksize (r = -0-58; p < 0-001). No significant
effect of age was observed on the VEP amplitude at
either checksize for any group, but there were consis-
tent differences between the sexes at all ages (fig 3).
Temporal dispersion (calculated as the difference in
latency of the P100 and the N150) was not
significantly correlated with age.

Interocular differences
There were more cases with a large interocular

difference in the VEP P100 latency to 50' checks
among the Parkinson's disease patients than among
the control subjects (fig4). There were eight Parkin-
son's disease patients whose P100 interocular
difference was greater than 5 ms and in six of these the
PERG PPI implicit time interocular difference was
also greater than 5 ms. In five the cortical and retinal
interocular differences were in the same direction and
in one it was opposite.

Discussion

In this study we have demonstrated a significant
difference between Parkinson's disease patients and
well matched control subjects in the amplitude of
VEP, PERG and flash ERG. A previous study in Par-
kinson's disease patients has also demonstrated
reduced VEP amplitudes and increased interocular
difference in VEP latency,4 but we have not shown the
increased VEP latency in Parkinson's disease patients
that has been reported elsewhere3-6 nor an increase
in temporal dispersion.1 It has been suggested6 that
the discrepancies between different reports on VEP in
Parkinson's disease may be due to the greater sensi-
tivity of grating patterns compared to checkerboard
patterns and, if so, this might in part account for our
normal Parkinson's disease VEP latencies. However,
this study' is somewhat unsatisfactory in that the gra-
ting subtense used is about one third of that for the
checkerboard, and the retinal field stimulated is pre-
dominantly foveal for the grating whereas for the
checkerboard it extends beyond the perimacula. This
could explain the observed differences rather than the
pattern form, per se. A recent report,35 which has
failed to detect any VEP abnormalities in Parkinson's
disease patients, is difficult to compare with previous
studies because of the use of a large checksize and the
fact that the control group consisted of "age-
corrected" young normal subjects.

Discrepancies in visual acuity are unlikely to
account for these VEP and PERG amplitude
differences since Snellen chart testing did not reveal
any significant differences in the visual acuity between
Parkinson's disease patients and control subjects or
between males and females. Moreover in those sub-
jects with abnormal VEP or PERG to 50' check stim-
ulation, a similar though less marked difference was
noted at 25' checksize. If reduced acuity was
responsible, the differences would have been more
marked at the smaller checksize. The abnormality of
the cortical and retinal potentials in the Parkinson's
disease patients is likely to be due to the disease itself
rather than drug therapy, since the changes were also
noted in those on no medication. It is reported2 that
the abnormality of the VEP is partly corrected by
treatment and one might expect a difference in the
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VEP, or the PERG, between those with and without
medication. We did not find any difference between
these groups, though this may in part be due to the
heterogeneity of the patients. Some did not receive
treatment because they had only recently presented or
were only mildly affected: in others with more severe
or prolonged disease, major side-effects precluded the
use of levodopa.
The significance of the reduced VEP amplitude in

Parkinson's disease patients is highly dependent on
the sex of the subject, since we observed a marked
difference in amplitude between male and female sub-
jects. Although the VEP amplitudes of Parkinson's
disease males were low, they differed little from those
of the control males. It is only in women that the VEP
amplitude differed significantly between Parkinson's
disease patients and control subjects and this
accounts for the significant difference between Par-
kinson's disease patients and control subjects when
both sexes are considered together. The difference
between the VEP amplitude of males or females in
our control subjects accords well with those pre-
viously reported.36 Although we observed a greater
mean VEP latency in men than women, the difference
was not statistically significant partly because of the
wide scatter of results. We have confirmed the
progressive delay in VEP latency that occurs with age
and the absence of change in VEP amplitude with age,
though there is a major difference in VEP amplitude
between the sexes.35 In contrast to the VEP ampli-
tude, the reduction in PERG amplitude in Parkin-
son's disease patients compared to control subjects
was more marked in male than female subjects and
for the flash ERGs there were no significant
differences in amplitude between males and females.
The PERG measurements show no significant
differences between the sexes though like the VEP
latency there is a change with age. The PERG implicit
time increases progressively with age and the PERG
amplitude falls.
The VEP, PERG and flash ERG originate from

different parts of the retina and central nervous sys-
tem and reflect different physiological processes. The
changes in these potentials in Parkinson's disease may
reflect the widespread nature of the biochemical dis-
order affecting both retina and central nervous sys-
tem. Indeed Parkinson's disease patients have also
been shown to have abnormal auditory evoked poten-
tials.4 Alternatively, the reduction in the VEP may be
secondary to the retinal abnormality itself and this
hypothesis is supported by the association between
the increased VEP latency and reduced PERG ampli-
tude in Parkinson's disease patients, especially in
male Parkinson's disease patients who show the most
marked abnormality of cortical and retinal electro-
physiology. Moreover, where there was a marked
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interocular difference in the VEP P100 latency, the
direction of the difference was more commonly
reflected in the interocular difference of the PPI wave
implicit time. Both VEP P100 latency and the PERG
potentials showed similar changes with age; neither
VEP latency nor PERG potentials showed significant
differences between the sexes. The strength of these
relationships between cortex and retina might be
improved if it were possible to eliminate the influence
of other sources of variation, for example skull thick-
ness which may alter the VEP between males and
females-whereas no such difference would be
expected in the PERG between the sexes. Moreover,
dopaminergic sites in the visual system proximal to
the retina may also weaken the relationship of the
VEP and PERG in Parkinson's disease patients.
However, our findings do suggest that the PERG may
be generated by similar retinal elements that are
responsible at least in part for the VEP, that is to
say the more proximal retinal layers including the
ganglion cells.

That retinal disorders may affect the characteristics
of the VEP invites caution in the use of VEPs to study
central visual pathways. It is therefore important to
exclude primary retinal pathology. The measurement
of the PERG is simple and can be performed simulta-
neously with the VEP using the same stimuli. The
PERG may have an important role in excluding reti-
nal abnormalities as the cause of the VEP changes.
Since dopamine is only one of a number of neu-
rotransmitters found in the retina, it is possible that
abnormal VEPs in other central nervous system dis-
orders may in part be due to retinal abnormalities.
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Parkinson's disease patients under their care and to
the physicians and surgeons at the Royal Victoria
Infirmary who permitted us to use their patients as
control subjects. Karen Seed, Medical Physics Tech-
nician, performed many of the evoked potential
recordings and we gratefully acknowledge her assis-
tance.
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