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Visual evoked potentials in Parkinsonism and
dopamine blockade reveal a stimulus-dependent
dopamine function in humans
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SUMMARY VEPs were recorded with three different spatial frequencies of stimulation in patients
affected by idiopathic Parkinsonism and by Parkinsonian syndromes. The detection of VEP abnor-
malities in Parkinson's disease was dependent on the spatial frequency of the visual stimulus (a
vertical square wave grating). The VEP latency was normal in Parkinsonian syndrome patients
(except in one patient affected by familial Parkinsonism). Dopamine precursor therapy differently
reduced the VEP latency, depending on the spatial frequency of the visual stimulus. These findings
suggest that the dopaminergic mechanism involved in the generation of VEP delays is sensitive to
stimulus spatial frequency. The study of VEPs before and after the administration of haloperidol
confirmed this hypothesis. VEP latency did not correlate with the major clinical symptoms of
Parkinson's disease and could not predict the results of chronic dopaminergic therapy.

Since pattern visual evoked potential (VEP) mea-
surement was introduced as a reliable diagnostic tool
in multiple sclerosis,1 a number of studies have
reported VEP alterations in other neurological dis-
eases.26 These VEP latency delays were attributed
to slowing of central conduction reflecting optic nerve
demyelination.2-5 More recently, VEP studies have
been extended to include patients with Parkinson's
disease. Observed VEP delays in Parkinson's
disease` are unlikely to be due to the slowing of
conduction in the optic pathways.6 Furthermore, a
reduction of these VEP latencies by levodopa
preparations67 suggests that the delays in Parkin-
son's disease might be due in part to dopamine
deficiency and thus akin to the major clinical deficits
of Parkinsonism. Prolonged VEPs in over 50% of
Parkinson's disease patients have been described in
several independent studies,6- 1 while others found
delays only in 20% of the patients.12 Normal VEPs
were reported in other studies,13 - 16 and some
researchers found only VEP amplitude reductions17
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or VEP asymmetries."8
A wide variety of stimulus conditions were used in

these studies. The visual stimuli ranged from uniform
field stimulation1 5 18 to checks or gratings of differing
spatial frequencies.6'- 4167 In addition, VEPs were
recorded prior to dopamine precursor treatment in
some studies6' 1 1 9 or only during treatment in
others8 0 13 16 1 7or in unspecified conditions in oth-
ers.12 14 Thus much controversy still persists about
the VEP in Parkinson's disease.
Our study was aimed at interpreting the discrepant

VEP findings in Parkinson's disease. Gratings with
elements subtending three different widths of visual
angle were used for pattern stimulation, and VEPs
were recorded in patients affected by Parkinson's dis-
ease of different severity. VEP data were collected
before and during treatment, as well as during periods
off drugs20 for therapy adjustment. In six patients,
VEPs were recorded during transient dyskinetic epi-
sodes. We further attempted to correlate VEP abnor-
malities with any sign or complex of signs of
Parkinsonism. Finally, in order to determine if the
VEP latency abnormalities, as observed in Parkin-
son's disease patients, could also be produced by drug
administration, we studied non-Parkinsonian patients
before and after dopamine blocker (haloperidol) ther-
apy, using gratings with different pattern element
sizes.
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Methods

(a) Controls
Normative data were obtained by recording VEP to mono-
cular stimuli in 58 healthy volunteers (age range 20-75
years) with normal ocular media and normal visual acuity.

In a preliminary study, the relationship between latency of
VEP and age of the controls was tested for each spatial fre-
quency using the Pearson's r coefficient. The linear
regressions of VEP latencies of 1, 2 and 4 cycles per degree
grating stimulation against age were all statistically
significant at the 0-001 level. VEP data of Parkinson's dis-
ease and Parkinsonian syndrome patients were therefore
compared only with data of 30 subjects of the control group
having a corresponding age range (range 52-75, mean 64-58
+5 9 years). This broad age span was selected since the
99 5% confidence limit of 52-65 and 65-75 years old normal
controls were identical.

In 18 subjects (10 of the age range 24-48 and 8 of ages
54-68 yr) VEPs were recorded 2-4 times in a 1-16 week
period. The measurements recorded in these subjects were

used to calculate a normal range of variability and to evalu-
ate the significance of VEP latency variation induced by
chronic dopamine precursor therapy.

(b) Patients and testing procedures
Idiopathic Parkinson's disease. Twenty eight patients (16
female and 12 males) affected by Parkinson's disease,
duration from 1 to 9 years (mean 4 2), were selected for the
study from 82 inpatients and outpatients of the neurology
department. In the selected patients, ophthalmoscopic
examination, including inspection of the ocular media or
retinae, and intraocular pressure by tonometry, was normal.
Visual acuity was corrected for 57 cm viewing distance. The
subjects had to be able to fixate the centre of the stimulating
screen when adequate correction was achieved, and
reproduceable VEP traces had to be obtained with
identifiable P100. The mean age of the patients was 61-3
+5-6 (range 52-74) years. Using the Hoehn and Yahr's

classification,21 six of these patients were at stage I; 12 at
stage II; seven at stage III; three at stage IV.
VEPs were recorded in five patients in stage I before treat-

ment and 8-14 days after the initiation of dopamine precur-
sor therapy (Sinemet 250 = 1 bolster contains 250 mg
levodopa + 25 mg carbidopa). The remaining patients were

currently receiving various treatments with anticholinergics,
amantadine, dopamine precursors or bromocriptine. All
these patients were hospitalised to evaluate the effects of
therapy adjustments. The drug dosage was gradually
reduced and eventually discontinued,22 with a drug free
period of at least 48 hours before the first VEP recording
session. In these patients, VEPs were again recorded 5-7
days after the initiation of Sinemet therapy. Results of this
study are considered as effects of "chronic dopamine precur-
sor administration".

In ten of the Parkinson's disease patients (three at stage I,

five at stage II, two at stage III), VEPs were studied before
and after the oral acute administration of half a bolster of
Sinemet 250. This drug dose was selected since, in pre-
liminary studies, some of the patients experienced nausea
when a Sinemet 250 bolster was administered. These results
are reported in the section "effect of acute dopamine precur-

sor administration". In all the Parkinson's disease patients,
the Parkinsonian symptoms were rated hourly on the scale
of the "Clinical Center for Research in Parkinson's and
Allied Diseases"20 with the purpose of further elucidating
the relationship of VEP latency delays and the clinical pic-
ture of Parkinsonism. Tremor (scale 0-4 for each limb),
rigidity (scale 0-4 for each limb), bradykinesia (scale 0-4)
and gait disturbance (scale 0-4) were reported for each
patient before and after 5-7 days treatment with Sinemet. In
two stage II and three stage III patients, VEP studies were
performed prior to the drug wash-out period, when the
patients were experiencing transient oscillations of their
clinical status. These transient disturbances were of the
"end-start dose failure" or "wearing-off' kind.20 VEPs were
studied during the wearing-off akinesia state, and when the
patients had overcome the akinetic period, as assessed by the
hourly rating scale.
Parkinsonian Syndromes. Six other patients, considered
outside the group of "idiopathic Parkinsonism" were simi-
larly studied. Two Parkinsonian syndrome subjects (one
male 67 years old and one female 72 years old) were affected
by arteriosclerotic pseudo-Parkinsonism. Two male
patients, ages 59 and 67, were classified as having
progressive supranuclear palsy; in a 59-year-old female a
diagnosis of multiple system atrophy, probably of the oli-
vopontocerebellar atrophy (OPC) type, was made. The last
patient, a 56-year-old female, was affected by autosomal
dominant familial Parkinsonism; she presented with a pre-
dominant akinetic-rigid symptomatology which responded
to Sinemet treatment.

Haloperidol study. In eight patients, ages 24-36, each with
an acute paranoid state, VEPs to 1, 2 and 4 cycles per degree
(cpd) grating stimulation were recorded before and after
administration of 6 mg IV haloperidol (in three different
doses). The VEP latencies and amplitudes were compared
with data of the 28 control subjects of the same age range
(31 6 + 6-8 years). In four of these patients, VEPs were also
recorded using 0 5 cpd grating.

(c) Stimulus and recording apparatus
VEPs were recorded in an electrically shielded dark room of
2 x 4 m. The pattern generator, amplifiers and averaging
system were part of an Amplaid MK 6 Evoked Potential
recording unit. Vertical gratings with a square wave lumi-
nance profile were presented on the screen of the Amplaid
monitor. The monitor was placed at 57 cm from the
observer's eye. The border of the screen was covered with an
opaque mask of 6 cm width. The central stimulating part of
the screen subtended 180 of the observer's visual angle. The
mean luminance was 65 cd/m2. The contrast, defined as the
ratio of the difference of maximum and minimum lumi-
nances of adjacent bands over their summed luminances,
was 50%. We calibrated the minimum and the maximum
luminances by means of a Centronic Photodiode photome-
ter for all the spatial frequencies tested. The patients were
requested to fixate a central horizontal 0-5 x 0-2 cm bar.
Fixation was continously monitored by the examiner. Three
different spatial frequencies of the grating pattern were used
in the study of Parkinson's disease patients. The lowest spa-
tial frequency was 1 cpd, that is the width of each element of
the grating pattern was 30' of arc at the eye. The inter-
mediate spatial frequency was of 2 cpd, corresponding to 15'
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of arc bar width; the highest spatial frequency was 4 cpd,
corresponding to 7 5' of arc bar width. In four patients of the
haloperidol study group, a spatial frequency of 0 5 cpd was
also used. The contrast of the grating was reversed (that is
dark bars become bright and vice versa) every 625 ms. The
temporal waveform was a square wave. In all the recording
sessions, the screen was viewed monocularly by either eye,
while the other eye was patched. In the study of patients
having "wearing-off"20 symptoms, the screen was viewed
binocularly and only 2 and 4 cpd stimuli were used. VEPs
were recorded with a silver disk surface electrode placed 4
cm above the inion. A reference disk electrode was placed in
the Queen's Square midfrontal position2 and the ground
electrode was located at the vertex. Potentials recorded at
the active occipital electrode were amplified 20000 times.
Bandpass filters were set at 1-50 Hz. The analysis time was

300 ms; 128-256 sweeps were averaged on the Amplaid MK
6 unit (512 memory point resolution per channel, 580 jis

sampling rate). Two or three traces were obtained for each
stimulating pattern and the latency of the major positive
component' was measured using the computer cursor. The
VEP amplitude was measured in microvolts (uV) from the
peak of the early negative wave1 2 to the peak of the major
positive deflection. A temporal trigger from the computer
drove the stimulus generator and the averager.

(d) Statistical study
In Parkinson's disease and other patients, the VEPs
recorded at the various spatial frequencies of stimulation
were considered delayed when the latency of the major posi-
tive component was above the value of the mean plus 2 7
standard deviations (99 5% level of certainty for upper lim-
its of latency, based on the results of 30 age matched con-

trols, 60 eyes). The VEP latencies and amplitudes of all
controls and patients, prior to and following pharma-
cological treatment, age, disease stage and duration, as well
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as symptoms including tremor, rigidity, bradykinesia and
gait scores prior to and post treatment were also entered into
a PDP 11/45 computer. The CLINFO Data Management
and Analysis System (Bolt Baranek and Newman Inc., Cam-
bridge, Mass.) program was employed.

Linear and multiple regressions, t tests and one-way Anal-
yses of Variance (ANOVA) were performed using VEP data
from the three spatial frequency patterns. VEP data, both
pre- and post-dopamine precursor treatment, were com-

pared with clinical scores (both initial and post-treatment),
age, and disease stage and duration. The effect of halo-
peridol was similarly evaluated. Multiple correlations were

also performed on VEP data of the 10 patients undergoing
acute dopamine precursor administration. Any significant
correlation between these data would indicate that VEP
changes after a single dose of Sinemet could be used to pre-

dict the results of dopamine precursor therapy in these
patients.

Results

(a) Controls
The mean latency and amplitude measurements of
VEPs obtained with stimuli of 1, 2 and 4 cpd to each
eye, and the mean interocular latency differences in
the two control groups (ages 20-48 and 52-75) are

listed in table 1. The major positive wave latency in
individual control subjects at each spatial frequency
did not vary by more than 4 ms when recorded on the
same day. Where testing sessions were separated by
weeks, the broadest variations for the latency of the
major positive peak was + 9 ms. The mean of latency
variability was 3 84 + 2 58 ms. The 99 5% confidence
limit of interocular latency differences was 9 ms, inde-

Table 1 Normal controls mean values of VEPs recorded with three different spatial frequencies of stimulation

I cpd IOD 2 cpd IOD 4 cpd IOD

Lat. G 1 1069 + 61 28 + 16 1106 + 65 2-7 + 1.5 1194 + 59 25 + 12
(124) (129) (136)

Lat. G 2 1125 + 56 33 + 17 1161 + 52 26 + 17 126-9 + 50 26 + 1-8
(129) (131) (141)

Amp. G 1 77 + 18 1 1 + 08 78 + 19 09 + 07 43 + 10 0-6 + 05
Amp. G2 70 + 20 13 + 08 66 + 18 09 + 08 33 + 09 07 + 06

Lat. means latency values in ms. Amp are amplitude values in pV. IOD is the interocular difference of latencies and amplitudes. Decimal values
are approximated to the first digit. G 2 is the control group of the same age range as Parkinson's disease patients. G I is the control group
aged 20-48 years. + indicates one standard deviation of the normal mean. In parenthesis the 99 5% confidence upper limits.

Table 2 Mean values and percentage VEP latency abnormalities in idiopathic Parkinson's disease patients before and
after levodopa + carbidopa treatment

Lat I c Lat 2 cpd Lat 4 cpd Amp I cpd Amp 2 cpd Amp 4 cpd

Before 1226 + 103 1306 + 128 1417 + 129 62 + 14 56 + 13 26 + 07
% abnormal VEP 39% 50% 60% - - -
After 1214 + 87 1259 + 97 1343 + 81 64 + 13 60 + 12 25 + 07
% abnormal VEP 28% 28% 32% - -

% abnormal VEP indicates the percentage of patients in whom either a VEP delay or an increment of interocular latency difference was
detected. Latency and amplitude measurement as in table 1.
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Table 3 Percentage ofpatients having VEP abnormalities
in relation to the Parkinson's disease stage

I cpd 2 cpd 4 cpd

B A B A B A

Stage I 16% 16% 32% 16% 32% 16%
Stage II 41% 16% 58% 25% 66% 33%
Stage III 42% 28% 42% 28% 42% 28%
Stage IV 66% 66% 66% 66% 66% 66%

Stage classification according to the Hoehn and Yahr's method.20
B = in untreated conditions. A = after the initiation or the
resumption of a levodopa + carbidopa treatment.

pendent of the age of subjects and of the spatial fre-
quency of stimulation.

(b) Idiopathic Parkinson's disease patients
Table 2 shows data of Parkinson's disease patients in
drug free state and after the initiation or resumption
of a dopamine precursor therapeutic regimen. The ta-
ble also shows the percentage of Parkinson's disease
patients in whom delayed VEPs or increments of
interocular latency differences were detected. Abnor-
mally high values of interocular latency difference
with normal absolute VEP latencies were detected in
only two patients with I cpd stimuli, in three patients
with 2 and 4 cpd stimuli. A VEP abnormality was
generally manifest as a prolonged latency of the ma-
jor positive wave either in only one eye (in two pa-
tients for 1 cpd, three patients for 2 cpd, five patients
for 4 cpd) or in both eyes (seven patients for 1 cpd,
eight patients for 2 and 4 cpd). It is evident from table
3 that VEPs to 4 cpd stimuli were delayed in a larger
number of patients than VEPs to I and 2 cpd stimuli.
"Chronic" dopamine precursor treatment reduced
the VEP latencies to normal limits in almost one third

of the affected patients. This effect, as can be seen in
table 2, is dependent on the spatial frequency. The
drug response is most evident when 4 cpd gratings are
used. Reductions of VEP latencies after Sinemet ther-
apy were detected in 21 and 22 patients when 2 and 4
cpd were used; when the I cpd stimulus was used,
VEP latency reductions were recorded only in 12
patients (42%). The decrement of VEP latencies after
treatment was above the 99 5% confidence limit for
latency variability (for VEP recordings performed
weeks apart) in 15 out of 56 eyes for 4 cpd stimuli, in
seven eyes for 2 cpd stimuli and in one eye for I cpd
stimuli. In the patients with abnormal VEPs during
Sinemet treatment, the abnormality was present for
all the tested spatial frequencies of stimulation, except
in one case. Figure I clarifies the spatial frequency
dependence of VEP delay in Parkinson's disease and
the different effect of Sinemet administration on the
latency of VEPs obtained with different spatial fre-
quencies. One-way ANOVAs of VEP latencies and
amplitudes (control VEPs vs Parkinson's disease "un-
treated" VEPs, control VEPs vs Parkinson's disease
"treated" VEPs, Parkinson's disease "untreated"
VEPs vs Parkinson's disease "treated" VEPs) showed
that VEP latencies of Parkinson's disease patients
were significantly different from controls (p = 0 05 or
less for all comparisons) and that only 2 and 4 cpd
latencies of "untreated" Parkinson's disease patients
were different from VEP latencies from "treated"
Parkinson's disease patients (p < 0 02).

Linear regressions of VEP latencies and amplitudes
vs the age of Parkinson's disease patients and the du-
ration of Parkinson's disease did not reach statistical
significance.
The stage20 of Parkinson's disease was not

significantly correlated with the VEP measurements
at any of the stimulated spatial frequencies. Figure 2
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Fig 1 VEPs obtained with two different spatialfrequency gratings (I and 4 cpd) from the right (OD) and
left (OS) eyes ofa Parkinson's disease patient. Compare the VEP latencies before (offdrug) andfollowing
the administration of 750 mg levodopa + carbidopa daily. The 99-5% confidence limit of the latency is 129
msfor I cpd VEPs and 141 msfor 4 cpd VEPs.
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Fig 3 VEPs recorded duringakinetic episodes. Thegrati
a A element size are 4 cpd (7-5') and 2 cpd (15'). The screen i

viewed binocularly (OU). Notice the latency increment of
__ __I

VEPs recorded in OFF (wearing off) phases. In OFF
1 2 3 4 5 conditions the 75' grating does not evoke reliable response

between clinical scores and VEPs, both pre- and pc
treatment) ranged from 0 058 (tremor reduction
pre-treatment VEP latency) to 0 556 (pre-treatm
gait score vs pre-treatment VEP latency). Normal
delayed VEPs could be found in patients having si

lar clinical scores for any of the major clinical syr

toms considered; and conversely, markedly dela:
latencies were detected in patients classified in the
tial stage of the disease with modest symptoms as

as in patients severely affected. The statistical cc
parisons of VEP latencies and clinical scores and F
kinson's disease stages show therefore that V
latencies can not be used to predict the responsiver
to treatment of Parkinson's disease patients and
not facilitate a classification of subgroups of Part
son's disease.

Peak dose dyskinesia was detected in four patic
after the administration of Sinemet. Three of th
patients had abnormal VEPs prior to treatment wh
persisted in two after treatment. Mean VEP value,
these patients were not different from VEP values
the other Parkinson's disease patients.
The study of six patients experiencing wearing

akinetic symptoms during the off-phase, which dis
peared during the on-phase, revealed that VEP lat
cies could similarly fluctuate. Figure 3 shows
example of binocular VEP recordings to 2 and 4
gratings in the same patient during a wearing-off
riod and when the transient akinesia had disappeai
In these six patients, the VEP amplitudes either
cremented or decremented with off or on phases
spectively. The VEP latencies, however decrea
from off to on phases by as much as 17 ms (mean I

+ 28 ms for 4 cpd, 7.9 + 45 ms for 2 cpd).

(c) Effect ofacute dopamine precursor administrat
In the 10 Parkinson's disease patients selected for
acute dopamine study, the mean age was 59 1 +
years, the mean Parkinson's disease duration was

+ 1-9 years. Mean pre-treatment clinical scores v

Stage

Fig 2 Scattergram of VEP latencies using 2 cpd grating vs

the stage ofParkinson's disease patients. 2cODLB and
2cOSLB indicates latency ofright and left eyes VEPs
respectively to 2 cpd stimulation before the dopamine
precursor treatment. The 99 5% confidence limit for 2 cpd
VEPs is 131 ms.

shows a scattergram of VEP latencies recorded with 2
cpd stimuli prior to Sinemet treatment from the left
and right eyes of Parkinson's disease patients plotted
against the stage of the disease. The multiple cor-

relation coefficients for stage vs VEP latencies were

not significant for 1, 2, or 4 cpd prior to or following
treatment. Table 3 shows the percentage of patients of
various Parkinson's disease stages whose VEPs were

abnormal before and after Sinemet treatment. These
data show that the VEP latency fell within the normal
limits following dopamine precursor treatment in a

larger number of stage I and II Parkinson's disease
patients than those in stage III and IV. However, t
test comparisons between the VEP latencies of pa-
tients in stages I and II vs stages III and IV group
patients both pre- and post-treatment were not statis-
tically significant.
The evaluation of major Parkinson's disease

clinical symptoms based on the hourly rating scale
gave the following results: tremor, mean value 4 5 +
2 2, range 1-9; rigidity, mean value 2 2 + 0 9, range

1-4; gait, mean value 2 0 + 1 0, range 0-4. Following
the initiation or resumption of Sinemet therapy, the
mean values of clinical scores were: tremor, 3 6 + 2 3;
rigidity, 3-8 + 2 5; gait 1 8 + 1-1. The results of mul-
tiple linear regressions for clinical scores vs VEP
latencies and amplitudes were statistically significant
for only the pre-treatment bradykinesia score vs 1 cpd
pre-treatment VEP latency (p = 0011). Moreover,
pre-treatment bradykinesia scores correlated at the
0 003 level with the pre-treatment latencies of VEPs
obtained with I cpd stimuli of the left eyes. The levels
of significance of all other correlations (comparison

A

A

o o

170 -

160-

150-

140-

130-

120

110

1154

0

_ _h



Visual evoked potentials in Parkinsonism and dopamine blockade reveal a stimulus-dependent dopamine function
1155

Table 4 Comparison of VEP measurement in untreated conditions after chronic dopamine precursor treatment and after a
single dose of dopamine precursor

Lat I cpd Lat 2 cpd Lat 4 cpd Amp I cpd Amp 2 cpd Amp 4 cpd

Pretreatment 125-7 + 12-1 1370 + 149 1492 + 148 5-9 + 1 1 52 + 1.1 2-3 + 0-5
Chronic treatment 124-2 + 109 130-1 ± 13-1 138-2 + 113 6-1 + 1.1 57 + 10 2-4 + 07
Acute levodopa 1228 + 97 131-2 + 11-6 1431 + 119 5-9 + 1 1 54 + 1-2 2-4 + 05

The table reports VEP measurement in a group of 10 Parkinson's disease patients in untreated conditions (pretreatment), after the chronic
administration of adequate Sinemet doses (chronic treatment) and 10-30 min after a single half dose of Sinemet 250 (acute levodopa).

PD PS
rf ~ ---I .

- I

.

1 Before acutel dopa
0

oAfter acuteldopJ

.0

.>Ao

* O4

4cpd 1lcpd 4cpd

Fig 4 Scattergram of VEP latencies obtained with I and 4
cpd gratings before and 10-30 min after the administration of
a single dose oflevodopa + carbidopa (125 mg) in two

groups ofpatients: idiopathic Parkinson 's disease, and
Parkinsonian syndromes, (supranuclear progressive
paralysis, arteriosclerotic pseudo-Parkinsonism,
olivopontocerebellar atrophy). the triangular symbol
represents the data ofa patient affected byfamilial
Parkinsonism. Only one symbolfor this patient is reported at

4 cpd, since VEPs at thisfrequency could not be recorded
from the left eye. The arrows on the right point to the 99-5%
confidence limit oflatency for these twofrequencies (141
ms-4 cpd, 129ms-J cpd).

4-8 + 21 fortremor,3-6 + 15 forrigidity, 19 + 0-7
for bradykinesia and 1-7 + 0 9 for gait. The chronic
levodopa treatment reduced the clinical scores to 3-8
+ 2 8 for the tremor, 2-8 + 1-2 for rigidity, 1-6 0-9
for bradykinesia and 1-6 + 0-8 for gait. Table 4 re-
ports the mean VEP latencies and amplitudes for
these patients before and after a single dose of 125 mg
levodopa (Sinemet 250, half bolster) and after the
chronic administration of levodopa + carbidopa.
The Sinemet administration acutely reduced VEP
latencies in these patients by 1-15 ms (7-8 + 3-5 ms)

when 4 and 2 cpd stimuli were used and by 2-10 ms
(6 1 + 2 5 ms) when I cpd was used. Only 10 VEPs,
out of 60 tested eyes, showed no significant in-
crements (1-4 ms) or no change. On the left half of fig
4, the results of VEP latencies to 1 and 4 cpd stimuli
before and after the acute administration of Sinemet
in Parkinson's disease are shown as a scatterplot.
VEP latency reductions after acute Sinemet dosage

were found to be statistically significant (p < 0-001)
for all the tested spatial frequencies using a one-way
ANOVA. The VEP amplitude differences between
untreated vs acute Sinemet were also statistically
significant, but only at 4 cpd (p < 0-001). The AN-
OVAs for VEP latencies and amplitudes measured in
these 10 Parkinson's disease patients during the pe-
riod of chronic treatment with Sinemet and the acute
administration of Sinemet did not reach statistical
significance. The linear regression was calculated us-
ing VEP latency reductions (difference between pre-
and post-Sinemet VEP latency) vs the clinical scores
of the major Parkinsonian symptoms in the untreated
condition. Linear regression analysis was also per-
formed between VEP latency reductions and the re-
ductions of clinical scores due to chronic levodopa +
carbidopa treatment. None of these tests was statisti-
cally significant.

(d) Parkinsonian syndromes
Figure 4 displays VEP latencies obtained with I and 4
cpd stimuli for six Parkinsonian syndrome patients.
Only the 6th patient (probably affected by familial
Parkinsonism) had abnormal VEP latencies (132 ms
right eye, 136 ms left eye for 1 cpd stimuli; 135 ms
right eye, 138 ms left eye for 2 cpd; 150 ms right eye
while responses with identifiable major positive peaks
were unobtainable at 4 cpd in the left eye). All the
other patients had VEP latency and amplitude values
within the 99% confidence limit of the age matched
control group.
The administration of a single oral dose of Sinemet

125 induced a reduction of VEP latencies in the 6th
patient. In the other patients, the same dose induced
either response variability which remained within
normal limits or a clear increment ofVEP latencies of
6 to 11 Ims. VEP amplitudes did not show consistent
modifications.
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0-5cpd

100

1 Ims

Fig 5 VEPs to different spatial frequencies recorded from the right eye of a patient with atypical paranoiddisorder before treatment and after (haloperidol) the IV administration of 6 mg haloperidol. Note thedifferential e,fflect o haloperidol on VEPs obtained at increasing spatial frequencies.

(e) Haloperidol study
In all eight patients, the administration of IV halo-
peridol (4 mg) induced an increment of VEP latencies
which was most evident when 2 and 4 cpd, rather than
I cpd stimuli, were used. Figure 5 highlights the re-
lationship between spatial frequency and VEP latency
increment after haloperidol administration. The
mean latency values for VEPs obtained before treat-
ment from the left and right eyes of the patients were
103 5 + 3 3 ms for I cpd stimuli, 105 4 + 3-9 ms for
2 cpd stimuli and I 17-2 + 4 4 ms for 4 cpd stimuli.
The mean amplitude values in pre-treated conditions
were64±+ I 1pV,6*6+ 12pVand3*1 +06pVfor
1, 2 and 4 cpd respectively. In four patients 0-5 cpd
gratings were also used and mean VEP latency was
103 1 + 3 2 ms with a mean amplitude of 6-5 + 1 2
PV.

After haloperidol administration, the mean VEP
latencies were 106 4 + 4 7 ms (I cpd), 114 0 + 7 1 ms
(2 cpd) and 129 7 + 7-1 (4 cpd). Amplitudes post-
treatment were 6 8 + 1 1 pV (1 cpd); 64 + 1 1 (2
cpd) and 3 1 + 0 7 (4 cpd). The mean values of VEPs
to 0 5 cpd stimuli was 103 3 + 3-1 ms for latency and
6-6 + I 1 jiV for amplitude. The ANOVA of pre- vs
post-treatment did not show significant variations in
amplitude, while the levels of significance for latency
were 0 02 for I cpd and 0 001 for both 2 and 4 cpd
stimuli. The ANOVA with age-matched normal con-
trols showed no differences of latencies and ampli-
tudes when the data collected in these patients before
haloperidol administration were compared with con-
trol data. When control group data were compared
with VEP latencies obtained after haloperidol admin-
istration, a significance level of 0 001 was reported for
4 cpd. Figure 6 is a scattergram of VEP latencies to
the different spatial frequencies of stimulation, prior
and after haloperidol administration.

140

130

LA

E
-

u
120

110

100 _

- After

r----------

-

0

0

0

*

000

re haloperidol
-haloperidol

r-------- _

r------------

*-

0

0

0

0

0

0

0000
0

00
0

0

00

1 cpd 2cpd

0

0

000 000
0

0
* 0

* 0

* 0

* 0

0

*--

00

4 cpd

Fig 6 Scattergram of VEP latencies recorded with 1, 2 and4 cpd stimuli in eight patients before and after haloperidoladministration. The dotted lines represent the confidence limit
ofnormal latencyfor this age range. Note that haloperidolinduced the latency delays in three cases, only when 4 cpdstimuli were used.

1156

1 cpd 2cpd 4 cpd

I5uV JSjuV

,Before tr
- Haloper

I3,v



Visual evoked potentials in Parkinsonism and dopamine blockade reveal a stimulus-dependent dopamine function
1157

Discussion

The data reported in the present investigation confirm
the reports of other researchers,6-12 and show that
abnormally delayed VEPs can be found in Parkin-
son's disease and that VEP latencies can be reduced in
Parkinson's disease patients by the chronic adminis-
tration of dopamine precursors. The new findings of
this study indicate that the percentage of VEP delays
and the amount of latency increments detected in Par-
kinson's disease patients are dependent on the spatial
frequency (that is on the element size of the stimu-
lating pattern) (table 2, fig 1). The VEP latency in-
creases as a function of increasing spatial
frequency23-25 in normal subjects, and our results
show that this latency increase is enhanced in Parkin-
son's disease and also when dopamine blockers are
administered.
We show, moreover, that VEP delays are reduced

or suppressed by dopamine precursor therapy and
that the dopamine dependent correction of VEP de-
lays is more evident when 4 or 2 cpd stimuli are used
rather than 1 cpd (table 2, fig 1).
The reduction of VEP latencies in Parkinson's dis-

ease by dopamine precursor treatment is not only
found with chronic administration, but can be de-
tected after a single dose of levodopa + carbidopa
(table 4, fig 4). Abrupt variations in VEP latencies can
also be demonstrated in Parkinson's disease patients
experiencing periods of spontaneous fluctuation of
clinical symptoms (fig 3).

These results agree with our preliminary VEP and
pattern electroretinogram (PERG) studies in mon-
keys treated with 1-methyl, 4-phenyl, 1-2-3-6 tetra-
hydropyridine (MPTP).26 MPTP is a neurotoxic
substance inducing a full Parkinsonian syndrome in
humans27 and other primates.28 Following MPTP
administration, both VEP and PERG of our monkeys
were abnormal to the higher spatial frequencies (2
and 4 cpd). These electrophysiological abnormalities,
as well as Parkinsonian symptoms, were reversible
with levodopa therapy.
The results of our study on haloperidol adminis-

tration in non-Parkinson's disease patients showed
that this dopamine receptor blocking drug increased
the latency ofVEPs obtained with 2 and 4 cpd stimuli,
while the effect on 0 5 cpd and 1 cpd VEPs was less
consistent (figs 5, 6).

This new finding supports the hypothesis that
dopamine modifies the processing of VEPs by acting
at the synaptic level.2931
The specific sensitivity of VEP changes to the spa-

tial frequency of stimulation in Parkinson's disease
and haloperidol treated subjects, which is evident in
our results, might suggest that the VEP abnormalities
found in our study are dependent on the impairment

of dopaminergic neural structures which regulate spa-
tial frequency sensitivity.
A role in shaping the spatial frequency sensitivity

was recently assigned to dopaminergic horizontal
cells of the retina.32-34 The authors showed an effect
of dopamine on modulating the receptive field at the
cellular level in the retina: by decreasing the level of
dopamine, retinal cells become more sensitive to
coarser stimuli and less sensitive to finer patterns than
they were prior to dopamine depletion. Furthermore,
recent psychophysical data collected from Parkin-
son's disease patients and volunteers after the admin-
istration of dopamine and haloperidol showed
alterations of the contrast sensitivity specific to spa-
tial frequency.35 36 Obviously caution is required
when extrapolating data from single cells or psycho-
physical studies to the interpretation of clinical VEP
results. Whereas there is now evidence that dopamine
is present in the human retina37 and that pathological
findings extend outside the basal ganglia in Parkin-
son's disease,38 39 histochemical investigations of eyes
of Parkinson's disease patients are needed to confirm
a possible retinal dopaminergic dysfunction in Par-
kinson's disease.

However, Martres et al40 recently reported that
dopaminergic receptors are extensively present in the
central nervous system, even in areas in which dopa-
minergic innervation was not known or completely
established. While the existence and the role of do-
pamine in the retina can explain part of our results,
we can not exclude the influence of dopaminergic ac-
tivity elsewhere in the visual system.

Thus, our studies confirm that non-motor func-
tions can be altered in Parkinson's disease41-45 and
that these alterations may vary with time, probably
depending on the supply of dopamine. Our results
further suggest that VEP studies in Parkinson's dis-
ease may be influenced by such factors as the stimulus
parameters, the drug therapy, or the clinical condition
of the patients. The dynamic relationship of VEP de-
lays to dopamine precursor treatment as well as the
selection of the stimulus parameters can explain the
poor12 or null13 - 7 detection of VEP abnormalities
in Parkinson's disease by other researchers. In those
studies, the patients were tested during current do-
pamine precursor therapy 3 11 or temporal re-
lationship between therapy and VEP recording are
not specified.12 16 Moreover, coarse pattern elements
of spatial frequency ranging from 113 to 039 cpd16 or
flashing light stimulation15 were used.
The findings of the present study are not encour-

aging in respect to the clinical utility ofVEP studies in
Parkinson's disease. The results of correlating VEP
latencies at the various spatial frequencies with the
clinical stage of the disease and functional scores of
the major symptoms were disappointing. The stage of
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Parkinson's disease21 did not significantly correlate
with VEP measurements, or with VEP changes after
treatment, even though the percentages of VEP ab-
normalities and changes post-treatment seemed to in-
dicate a difference among the stages (table 3).
The finding that delayed VEPs are observed even in

the early stages of the disease should also mediate
against the hypothesis of VEP alterations being re-

lated to the degree of cortical atrophy.
Some authors found correlations between VEP

latencies and the disease stage,7 8 while others found
inverse correlations,6 and still others did not extend
their study to the patients rated beyond stage II.9 10

To our knowledge, there are no reports of cor-

relations of VEPs with the clinical symptoms of Par-
kinson's disease. We measured VEP obtained in
untreated and treated conditions and correlated them
with clinical scores for bradykinesia, tremor, rigidity
and gait as well as with the modifications of these
scores after chronic levodopa + carbidopa therapy.
Any evidence of correlations between clinical score or

treatment dependent clinical modification and VEPs
would have been of interest as it might suggest
different types of Parkinsonism. A significant cor-

relation was found only for pre-treatment VEP
latency vs pre-treatment bradykinesia scores. We con-

sider this result to be spurious, because the bra-
dykinesia correlation was essentially confined to
latencies of the left eye alone, and the distribution of
delayed VEPs was dispersed over the entire range of
clinical scores.

We conclude therefore that none of the signs of
Parkinsonism correlate with the VEP evidence of
visual system involvement. Moreover, the lack of cor-

relation between VEP abnormalities in the pre-

treatment state, or VEP changes after acute levodopa
+ carbidopa administration and the change of clin-
ical scores following chronic levodopa + carbidopa
therapy, shows that VEPs can not predict clinical re-

sponse to dopamine therapy.
The findings that VEPs are not delayed in patients

with Parkinsonian syndrome (as in supranuclear
progressive paralysis or arteriosclerotic pseudo-
Parkinsonism) nor that the VEP latencies decreased
by Sinemet administration (fig 4) might be of clinical
interest. We must, however, point out that VEPs are

normal in as many as 40-60% of idiopathic Parkin-
son's disease patients.

Finally, the finding that the VEP latency increases

after the administration of dopamine blockers, which
we and others19 have reported, suggests that evoked
potentials might be useful in identifying and mon-

itoring psychiatric patients at risk for developing
pseudo-Parkinsonism or tardive dyskinesia. Un-
fortunately, the poor correlation between motor ab-
normalities and VEP alterations in Parkinson's

Onofrj, Ghilardi, Basciani, Gambi

disease patients suggests poor predictability of super-
sensitivity to psychotropic drugs by VEP mea-
surements

Preliminary results of this study were presented at the
Congresses: "Cerebral Pathology in old age", Pavia,
Oct. 1982; "Restorative Neurology in Central and
Peripheral Nervous System", Venice, May 1983;
"Congresso della Societa' Italiana di Neurologia",
Parma, Oct. 1983.

We thank Drs MS Marx, M Sivak, and K Bergmann
for their helpful comments on the manuscript.
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