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Summary
Visual spatial contrast thresholds and suprathreshold contrast
matches were measured before and after adaptation to high-
contrast sinewave gratings in patients with Parkinson’s
disease (n 5 27), patients with multiple system atrophy (n 5
6) and a group of age-matched control patients without CNS
disease (n 5 27). Contrast thresholds were higher in the
Parkinson’s disease patients than in either the multiple system
atrophy patients or control patients. The effect of contrast
adaptation on both contrast thresholds and matches was
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Introduction
Over the last two decades an increasing body of evidence
has been collected, which demonstrates visual abnormalities
in patients with Parkinson’s disease. These patients show
longer latencies in visually evoked potentials (VEPs) (Bodis-
Wollner and Yahr, 1978; Delwaide, 1980; Gawel, 1981; Marx
et al., 1986), abnormalities of the pattern electroretinogram
(pERG) (Ghilardiet al., 1989; Ikedaet al., 1994) and reduced
contrast sensitivity (Bodis-Wollneret al., 1987; Bodis-
Wollner, 1990; Mestreet al., 1990a, b; Massonet al., 1993).
These effects are most pronounced for gratings with a spatial
frequency of 2–4 cycles per degree and a temporal frequency
of 4–8 Hz (Marxet al., 1986; Bodis-Wollneret al., 1987).
Several studies have shown that dopamine, or the dopamine
agonist apomorphine, enhances VEPs and pERGs in healthy
volunteers (Domeniciet al., 1985; Bulenset al., 1987; Bulens
and Meerwaldt, 1989; Mestreet al., 1990a), and can
also counteract the deficits in the MPTP (1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine)-treated animal model of
Parkinson’s disease (Ghilardiet al., 1989). Administration
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approximately equal in the three groups. This suggests that
contrast adaptation is not affected by these CNS disorders
and is consistent with the hypothesis that the loss in contrast
sensitivity in Parkinson’s disease is mediated by retinal
effects. The results are discussed in terms of the underlying
pathology of the visual deficits in Parkinson’s disease and
the possible diagnostic implications for differentiating
Parkinson’s disease and multiple system atrophy.

of dopamine antagonists like chlorpromazine in healthy
volunteers induces modifications of the VEP and pERG
similar to those seen in Parkinson’s disease (Bartelet al.,
1990) and leads to a global decrease in contrast sensitivity
in patients with schizophrenia Bulenset al., 1987).

The functional and anatomical sites of the psychophysically
measured visual deficits in Parkinson’s disease remain largely
unknown. Considerable evidence supports the assumption
that these visual deficits are due to a dopaminergic deficiency.
The decline in contrast sensitivity in Parkinson’s disease can,
at least in part, be reversed by the administration ofL-
dopa (Bulenset al., 1987). Monkeys treated with MPTP
(a neurotoxin, which predominantly affects dopaminergic
neurons) develop a Parkinsonian syndrome and show deficits
in contrast sensitivity similar to those found in patients with
Parkinson’s disease, which again can be ameliorated by the
administration ofL-dopa (Ghilardiet al., 1989). The severity
of visual abnormalities increases with progressive stages of
the disease, as indicated by the correlation between ERG



2220 L. Tebartz van Elstet al.

amplitudes and the Hoehn and Yahr score (Tagliatiet al.,
1996). The pERG shows characteristic abnormalities in
Parkinson’s disease (Tagliatiet al., 1996). Since the pERG
mainly reflects ganglion cell activity in primates (Maffei
et al., 1985), most authors have suggested a retinal
dopaminergic origin for the visual deficits in Parkinson’s
disease (Bodis-Wollneret al., 1987; Ghilardiet al., 1989;
Bodis-Wollner, 1990; Harriset al., 1992; Tagliatiet al., 1996).
Accordingly, the increase in VEP latencies could result from
pathological transmission at the retinal level. This assumption
is supported by experiments in monkeys, where intra-vitreous
injection of 6-hydroxydopamine, a neurotoxin affecting
catecholaminergic cells, leads to abnormalities in the pERG
and VEP similar to those caused by systemic administration of
MPTP (Ghilardiet al., 1989). Dopamine containing amacrine
cells and dopamine receptors have been demonstrated in
the retina of vertebrates (Haggendal and Malmfors, 1963;
Dowling and Ehinger, 1975; Marianiet al., 1984; Massey
and Redburn, 1987; Nguyen-Legroset al., 1984; Skrandies
and Wässle, 1988) including humans (Fredericket al., 1982).
Harnois and Di Paolo (1990) found decreased dopamine
activity in the retina of patients with Parkinson’s disease.
Bodis-Wollner et al. (1987) have argued for a role of the
dopaminergic amacrine cells in receptive field organization in
human vision, which, in the case of dopaminergic deficiency,
could explain the pathological findings in Parkinson’s disease.

However, evidence also exists for dopaminergic innervation
at the level of the lateral geniculate (Papadopoulos and
Parnavelas, 1990) and the visual cortex (Reader and Quesney,
1986; Parkinson, 1989). Regan and Maxner (1987) and
Bulens and Meerwaldt (1988) have found orientation-specific
losses of contrast sensitivity in patients with Parkinson’s
disease. Visual search for a target of a given orientation
randomly positioned among orthogonally oriented distractors
also appears to be impaired (Troscianko and Calvert, 1993;
Weinstein et al., 1997). Orientation selectivity is a
characteristic of visual cortical cells in primates (Hubel and
Wiesel, 1962, 1968), which suggests, that the visual cortex
might also be affected in Parkinson’s disease. Thus not only
the retina, but also the visual cortex could be involved in the
visual pathology found in Parkinson’s disease.

In healthy volunteers, prolonged viewing of a high-contrast
grating reduces contrast sensitivity (Blakemore and Campbell,
1969; Magnussen and Greenlee, 1985; Greenleeet al., 1991).
This form of visual adaptation also affects the perceived
contrast of suprathreshold gratings (Georgeson, 1985).
Following half-field adaptation, stimuli presented in the
adapted field are perceived to have less contrast than the
same stimuli falling in the unadapted field. This reduction in
sensitivity and perceived contrast is spatial-frequency and
orientation dependent (Blakemoreet al., 1973; Snowden and
Hammett, 1992), suggesting a cortical site of adaptation.
Indeed, a number of single-unit studies have shown that the
relationship between the firing rates of single neurons and
stimulus contrast can be altered by prior adaptation (Albrecht
and Hamilton, 1982; Dean, 1983; Ohzawaet al., 1985; Sclar

et al., 1989). Adaptation shifts the contrast response function
towards higher levels of contrast. One perceptual consequence
of such a shift would be a temporary loss in perceived
contrast, assuming that the firing rate of single cortical
neurons reflect, among other things, the coding of stimulus
contrast. Although GABA (gamma-aminobutyric acid) is
an important inhibitory neurotransmitter in visual cortex
(McCormick, 1989; Hendryet al., 1990), it does not seem
to be directly involved in mediating the effects of adaptation
(DeBruyn and Bonds, 1986; Allisonet al., 1993). The above-
cited evidence suggests the existence of dopaminergic
innervation in the visual cortex. Thus if the same
neurotransmitters affected in Parkinson’s disease are
mediating sensitivity changes in the visual cortex, then it
would be possible that the effects of contrast adaptation
would also be reduced in Parkinson’s disease.

Multiple system atrophy as a pathologic entity was first
described by Graham and Oppenheimer in 1969. According
to Quinn (1989, 1994) and Wenninget al. (1994), two
subtypes of multiple system atrophy are defined by a
combination of specific symptoms. Since definite diagnosis
is possible only at post mortem autopsy, the clinical diagnosis
is defined by a cluster of symptoms and divided into possible
and probable multiple system atrophy (seeWenning et al.,
1994, their Table 1). Differentiating between multiple system
atrophy-subtype with striato-nigral degeneration and
idiopathic Parkinson’s disease is often difficult, since
autonomic failure or signs of pyramidal or cerebellar
dysfunction may develop only late in the course of the
disease (Wenninget al., 1994; Oertel, 1996). Multiple system
atrophy pathology is characterized by cell loss and gliosis in
at least two of the following structures: striatum; substantia
nigra and/or locus ceruleus; pontine nuclei and/or cerebellar
pedunculi; vestibular nucleus; Purkinje cell layer of the
cerebellum; lower olive; the dorsal motor nucleus of the
tenth brain nerve; the intermediolaterale cell column or the
nucleus of Onuf in the lower spinal cord (Oppenheimer,
1983; Gray, 1988; Playford and Brooks, 1992). In Parkinson’s
disease, cell loss and gliosis affect predominantly
dopaminergic neurons of the substantia nigra (ventrolateral
part) (Gibb and Lees, 1991). Characteristically, there are
signs of intracellular eosinophilic inclusion bodies (Lewy
bodies). In contrast to Parkinson’s disease, where
administration ofL-dopa is effective in the majority of cases,
in multiple system atrophy a good response toL-dopa is seen
in only ~30% with a decline of effectivity to as low as 13%
in the further course of the disease (Wenninget al., 1994).

To our knowledge, there is only one report on the visual
performance of patients with multiple system atrophy, where
an interocular difference in spatiotemporal contrast sensitivity
was found in Parkinson’s disease patients but not in those
with multiple system atrophy (Delalandeet al., 1996). VEPs
were also normal in the multiple system atrophy group in that
study. Patients with the striato-nigral degeneration subtype of
multiple system atrophy and idiopathic Parkinson’s disease
may present clinically in a similar way. We therefore
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examined whether these two diseases may lead to differences
in contrast sensitivity which, in turn, could promote our
understanding of the visual pathology in Parkinson’s disease.
Vision might be less affected in multiple system atrophy as
compared with Parkinson’s disease, since the dopamine
deficiency in the latter is generally recognized to be more
pronounced.

Rationale for this study
Earlier studies with Parkinson’s disease patients have
concentrated on the measurement of contrast sensitivity at
the threshold level. The effect of contrast adaptation has only
been measured in one small group of Parkinson’s disease
patients (Harris et al., 1992), where adaptation-induced
threshold elevations were found to be smaller in the peripheral
vision of Parkinson’s disease patients. Following this
approach, we examined the influence of adaptation on
detection thresholds as well as on contrast matches for three
suprathreshold contrast levels. We compare the results from
patients with Parkinson’s disease or multiple system atrophy
with those from a group of age-matched control patients.
The purpose of the present study is to examine contrast
thresholds more extensively and the effect of contrast
adaptation in Parkinson’s disease patients in comparison with
patients with multiple system atrophy and patients with no
CNS disorder.

Material and methods
Stimuli
The visual stimuli were created on a Visual Stimulus
Generator graphics board (VSG 2/3; Cambridge Research
Systems, Kent, UK) and displayed on a high-resolution colour
monitor (Eizo 662; Japan). The voltage determining the
luminance of the stimuli was produced with 14-bit digital-
to-analogue converters. Correction of the luminance gamma
function of the display was calculated using a spectral
photometer (Spectra 704; USA) and stored in lookup tables
for each phosphor type separately. Circular patches of sine-
wave gratings (diameter 4°) with constant orientation
(horizontal) and spatial frequency (4 cycles per degree), but
differing in contrast, were presented simultaneously for
200 ms, one in each visual field 4° eccentric to the fixation
point. Perceived contrast judgments were performed before
and after 2 min of half-field adaptation to a high contrast
(90%) phase-reversing (4 Hz) grating of the same orientation
and spatial frequency. The adaptation stimulus was presented
in one run in the left visual field and in another run in the
right visual field, and their order was randomized over
subjects. Reference contrast levels were 0% (detection
threshold), 9.5, 23.4 and 57.4% Michelson contrast.

Procedure
Subjects viewed the stimulus display binocularly from a
distance of 114 cm. They were comfortably seated in an

Fig. 1 Schematic illustration of the stimuli used in the
experiments. For more detailsseetext.

examination chair and rested their head and arms on
appropriately positioned rests. The patients were instructed
to direct their gaze to the centre of the display, where
the fixation cross was displayed during each trial. Each
measurement consisted of 80 trials (four reference contrast
levels, 20 trials per level). Each trial was announced by a
computer generated sound presented 2006 100 ms prior to
stimulus onset, at which time the fixation cross was also
presented. This was followed by simultaneous presentation
of reference and test stimuli (Fig. 1). The stimulus duration
was 200 ms and the onset and offset of contrast was abrupt.
The participants responded by indicating which stimulus had
the higher contrast. In cases where only one stimulus was
visible, they were asked to indicate which side of the fixation
cross the stimulus appeared. On some trials where the
reference contrast was zero, and the test contrast was low,
no stimulus was visible. When this happened patients were
instructed to select the reference side. With the algorithm we
were using, this had the effect of increasing the contrast on
the test side until it became visible. In effect, the task became
a yes-no detection task in this condition. Except for this
instruction, the method was the same in all conditions.

Measurements were made before and after 2 min of
adaptation to a high-contrast, phase reversing (4 Hz)
adaptation grating (Fig. 1). After adaptation, each trial was
followed by a brief (2 s) refresh adaptation period, during
which time the half-field adaptation stimulus was presented
again. Such a regimen has been shown to maintain the
adaptation level in a steady-state (Greenleeet al., 1991;
Foley and Boynton, 1993). Individual measurements were
performed for left and right hemifield adaptation. The order
of left and right hemifield adaptation was randomized across
subjects; for all subjects measurements without adaptation
were made first, to be followed by an adaptation run. All
four experimental runs were conducted in a single session.
A break of at least 15 min was given between the adaptation
measurement and the next run. A sufficient number of practice
trials was performed to ensure that the patient understood
the task and became acquainted with the response box.

Match and threshold contrast levels were determined using
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Fig. 2 (A) Examples of the variations in test contrast under the
control of the Best-PEST algorithm, for experimental runs before
(filled symbols) and after (open symbols) adaptation. The
different symbols show the results for the detection thresholds and
the three suprathreshold match contrasts. (B) An example of a
psychometric function (percentage correct versus log test
contrast). The smooth curves are Weibull functions fitted to the
data with the maximum likelihood criteria. RC5 reference
contrast (% Michelson contrast).

an adaptive search algorithm (Best-PEST) (Lieberman and
Pentland, 1982). This algorithm has been shown to optimize
the information gained on each trial. The four reference
contrast levels were tested in a randomly interleaved fashion,
and each of these ‘staircases’ was controlled by its own
PEST routine. All staircases started with the highest possible
test contrast level (approaching 100%) and each contained
80 possible contrast steps, each step corresponding to a
1-dB change in contrast. In this way, the possible test
contrast levels allowed spanned a 10 000-fold range (log10

of Michelson contrast, –2.0 to12.0). The individual staircases
were guided by the subject’s prior responses on that staircase.

An example of a typical measurement before and after
adaptation is given in Fig. 2A. Note that on the first two
trials, all staircases share the same test contrast levels. Only
after trial 5 do the staircases begin to ‘zoom’ into the
corresponding subjective contrast match levels. Weibull
functions were fitted to the individual data sets to determine
the slope of the psychometric functions (differential contrast
sensitivity).

Reaction times (RTs) were also determined using a function
that accesses the graphics processor, which timed the interval
between the stimulus onset and the response (pressing one
of two buttons). We could thus achieve temporal resolution
of 10 µs (i.e. the duration of the buildup of each line on the
display). The subjects were given 2 s to respond. If the
subject did not respond within the specified time, the next
trial was presented. The lapsed trial was placed back into
the trial pool and performed at a later point in the run. In
such cases a counter was incremented for that condition,
thereby allowing an analysis of the number of lapses.

Subjects
All participants were recruited consecutively from the in-
patient clinic of the Neurology Department at the University
of Freiburg. They were first informed about the general aims
of the investigation. Participation was strictly on a voluntary
basis and only occurred after informed consent was given.
Approval for the study was obtained from the local ethical
board of the University of Freiburg. Any additional CNS
disease or eye disease led to exclusion from the study. The
ward consultant, who was uninformed as to the specific aims
of our study, made the clinical diagnoses. A total of 27 patients
with idiopathic Parkinson’s disease participated (mean age
63.3 years; SD5 9.8; range 42–75 years), six of these patients
were untreated at the time of study. The administration of
any drugs, which could affect CNS function, was recorded
for further analysis. Possible multiple system atrophy was
diagnosed in patients with a Parkinsonian syndrome, who
showed little or no response toL-dopa therapy or cerebellar
signs. Probable multiple system atrophy was diagnosed in
patients with a Parkinsonian syndrome, who showed little or
no response toL-dopa and additional autonomic failure, or
cerebellar and/or pyramidal signs, or a pathological sphincter
electromyogram (Quinn, 1994). In our patient sample, two
patients were diagnosed as having possible multiple system
atrophy and four patients as having probable multiple system
atrophy (mean age 55.3 years; SD5 2.7; range 52–59 years).
A third group of inpatients (n 5 25), with no clinically
determined CNS disorders, served as a control group (mean
age 55.7 years; SD5 8.3; range 42–72 years). Care was
taken to select control patients so that the Parkinson’s disease
and control groups were similarly distributed with respect to
age, gender and socio-economic status.

Data analyses
Psychometric functions (probability of correct responses
against contrast level) were calculated off-line and Weibull
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Fig. 3 Log of contrast threshold (single points, left) and contrast
matches before (filled symbols) and after (open symbols)
adaptation to a high contrast grating positioned either in the left
or right visual field. The results are shown for the three patient
groups tested. Error bars present61 SE of the group mean.
PD 5 Parkinson’s disease; MSA5 multiple system atrophy.

functions were fitted to these data using the so-called bootstrap
algorithm (Foster and Bischof, 1991). Figure 2B gives an
example for thresholds measured before and after adaptation.
The Weibull functions provided estimates of the threshold or
match contrast level, defined as the contrast level where the
subject responded 50% of the time when the reference
stimulus had a higher contrast level. The slope of the
Weibull function gives an estimate of the differential contrast
sensitivity, with greater sensitivity reflected by a steeper slope.

Analyses of variance for repeated measures were performed
on the logarithms of threshold and the inverse slope data.
Log RT and the number of lapses per run were also analysed.
The main effects and interactions were determined for the
following factors: patient group (Parkinson’s disease, multiple
system atrophy and control), the adaptation state (before and
after adaptation), the side of half-field adaptation (left and
right) and the reference contrast level (detection threshold
and three suprathreshold contrast levels).

Results
Contrast thresholds and contrast matching
before and after adaptation
The results with respect to contrast thresholds and contrast
matches before and after adaptation are shown in Fig. 3. The
log of the mean threshold value is shown as a function of
the reference contrast level for the three patient groups.
Although there was a small effect of visual field (thresholds
and contrast matches to stimuli in the right visual field ~10%
lower), this effect did not interact with any of the other
factors in the experimental design. We therefore present the
results after averaging over left and right visual fields.
Above detection threshold, the matches before adaptation are
approximately physical matches. Adaptation increases both
the contrast threshold and the test contrast in the adapted
field required to match the reference contrast in the unadapted

reference field. This increase is greatest for the lower reference
contrasts. It is approximately equal for the three patient
groups. In support of earlier work, contrast thresholds are
significantly elevated in Parkinson’s disease patients
compared with control patients [main effect of experimental
group; F(2,56) 5 6.18, P , 0.004]. This elevation
corresponds to a factor of 1.75 (log10 5 0.245). The multiple
system atrophy patients exhibit thresholds which are not
significantly different from those of the control patients
(post hocBonferroni/Dunn comparison,P . 0.05). Above
detection threshold levels the contrast match values are no
longer significantly different. There is a significant interaction
term between the main effects of reference contrast level and
patient group [F(6,162) 5 7.77, P , 0.0001], where the
Parkinson’s disease patients show a significant effect at
threshold but values above threshold were similar to those
of the control patients.

Prior adaptation to a high contrast flickering grating
increases the contrast required for detection of the test
stimulus in the adapted field. Adaptation also increases the
contrast required to compensate for the loss in perceived
contrast in the adapted half-field. The effect of adaptation is
most pronounced at detection threshold when the mean
increase in threshold is by a factor of 2.3 (log10 5 0.36),
and it declines at higher contrast levels (mean change in
contrast match after adaptation by a factor of 1.27; log10 5
0.10). This finding is true for all three patient groups, which
is reflected by the absence of a significant interaction term
between the main effects of adaptation, reference contrast
level and patient group [F(6,162)5 1.1, not significant].

It could be argued that suprathreshold contrast matches
alone are not sensitive to changes occurring in the visual
system of Parkinson’s disease patients, since presumably
both visual fields would be affected more or less equally.
Thus, although the perceived contrast of the grating stimuli
could be reduced, this reduction would be equivalent for
right and left visual fields and thus would not affect the
resulting contrast match. Our use of forced-choice methods
and the adaptive staircase procedure allows an estimate of
the slope of the psychometric function for both threshold and
suprathreshold contrast matches. If the differential contrast
sensitivity at suprathreshold contrast levels is affected in
Parkinson’s disease, then this difference should be reflected
in a shallower slope of the psychometric function (i.e. a
degraded perception of contrast differences).

The results with respect to the slope estimates are given
in Fig. 4, which shows a plot of the log of the inverse slope
as a function of the log of the reference contrast level for
the three patient groups. There is a pronounced effect of
reference contrast level on the inverse slope of the
psychometric function. The slope declined (1/slope increased)
by an order of magnitude over the contrast range investigated
[F(3,165)5 90.0,P , 0.0001]. This decline in differential
contrast sensitivity with increasing reference contrast level
is well documented (Foley and Legge, 1981; Greenlee and
Heitger, 1988). There is some indication that the differential
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Fig. 4 Log of the inverse slope of the psychometric functions
(percentage correct versus test contrast,seeFig. 2) is plotted as a
function of the reference contrast on a log scale. Error bars
present61 SE of the group mean.

contrast sensitivity is reduced (lower slope of psychometric
function) at suprathreshold levels in patients with Parkinson’s
disease. The mean slope is reduced in Parkinson’s disease
patients by a factor of 2.1 (log10 5 0.32), and this effect is
significant [F(2,56) 5 3.98,P , 0.03].

Adaptation has only a marginal effect on the slope of the
psychometric function [F(1,56)5 3.13,P , 0.08]. Generally,
the psychometric functions are shallower in slope after
adaptation (by a factor of 1.44), which would correspond to
an overall loss in differential contrast sensitivity at these
suprathreshold contrast levels. This effect of adaptation is in
line with earlier work, which shows that contrast
discrimination thresholds are elevated by prior adaptation for
contrast levels,0.5 (Greenlee and Heitger, 1988; Ross and
Speed, 1991; Foley and Boynton, 1993).

Reaction times
All participants were instructed to respond accurately and as
quickly as possible. We could thus determine the RTs on
each trial and look at how RT was affected by the different
stimulus conditions. The results for the three patient groups
are shown in Fig. 5, where the log RT is plotted as a function
of the reference contrast. Prior to adaptation, log RT decreases
with increasing stimulus contrast, in line with earlier results
(Breitmeyer, 1975; Harwerth and Levi, 1978; Ejima and
Ohtani, 1989; Greenlee and Breitmeyer, 1989). The main
effect of reference contrast was highly significant [F(3,162)5
86.6,P , 0.0001]. All patients seem to benefit by additional
stimulus contrast. Interestingly, adaptation leads to a reduction
in log RT and this effect is highly significant [F(1,56) 5
150.1,P , 0.0001]. Patients with Parkinson’s disease exhibit
significantly prolonged RTs compared with the control
patients. Patients with multiple system atrophy do not
significantly differ from control patients with respect to RTs.
The main effect of patient group was highly significant

Fig. 5 Reaction times (RT) versus reference contrast are plotted
on log–log scales. Error bars present61 SE of the group mean.

Fig. 6 The mean number of lapses versus the reference contrast
level. Error bars present61 SE of the group mean.

[F(2,56) 5 5.6, P . 0.006]. The patients with Parkinson’s
disease had a geometric mean RT of 1188 ms, while that for
patients with multiple system atrophy was 1090 ms, and for
the control patients, it was 1088 ms.

Task completion, lapses
Several of the patients suffered from bradykinesia or akinesia.
This resulted in some patients being unable to respond within
the time allotted to each trial. The number of trials on which
the participants did not respond was recorded. Figure 6 shows
how the number of lapses is affected by the reference contrast
level and adaptation. Most patients lapsed only on a few
trials and this number depended on the reference contrast
level. Due to the adaptive staircase procedure, the reference
contrast condition of zero contrast (detection threshold) often
led to trials where the test stimulus had a subthreshold
contrast level. As a result of the uncertainty of the task in
these circumstances, the patients were more likely to fail to
respond during the trial period. As can be seen in Fig. 6, this
tendency was true for all patient groups. The presence of the
adaptation stimulus during the inter-trial interval appears to
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Fig. 7 Log of contrast thresholds is plotted before and after
adaptation for patients with Parkinson’s disease as a function of
the severity of the disease (according to the Hoehn and Yahr
rating scale).

have acted like a ‘prime’ or ‘pacemaker’ for all patients; this
is evident from the observed reduction in the number of
lapses and a corresponding decrease in RT (Fig. 5). The
benefit of paced responses in patients with Parkinson’s disease
has been reported earlier (Crawfordet al., 1989). Overall,
the results in Fig. 6 suggest that, on average, all three patient
groups could perform the task and demonstrated a similar
frequency of lapses.

Correlation with clinical course
The performance of the patients varied to a considerable
extent with respect to their clinical course and the severity
of Parkinsonian symptoms. One estimate of the patient’s
status is a rating scale suggested by Hoehn and Yahr (1967).
This scale takes into account the extent of disability caused
by the disease. The extent to which contrast detection
thresholds before and after adaptation were affected by the
severity of Parkinson’s disease is shown in Fig. 7. The
reduction in contrast sensitivity increases with severity
especially during clinical stage IV. However, even at stage
I, where there is little or no or disability, there is already a
significant reduction in contrast sensitivity in Parkinson’s
disease patients compared with control patients. The effects
of adaptation remain robust even for the later stages of
Parkinson’s disease.

Discussion
The results confirm earlier reports that contrast perception is
impaired in Parkinson’s disease. Although to a lesser extent,
sensitivity to suprathreshold contrast differences is also
reduced in these patients. Parkinson’s disease patients
exhibited adaptation effects which were similar in magnitude
to those shown by the control patients, suggesting that the

neural processes underlying pattern adaptation are unaffected
by Parkinson’s disease. Patients with multiple system atrophy
did not show a significant threshold elevation and showed
adaptation effects similar to those in the control group,
suggesting that the pathology underlying the visual deficits in
Parkinson’s disease is not effective in multiple system atrophy.

Contrast thresholds and contrast matching
In agreement with earlier studies, we found a significant
elevation in the contrast detection thresholds in patients with
Parkinson’s disease. Compared with control patients, patients
with Parkinson’s disease exhibited contrast thresholds which
were significantly elevated (Fig. 3). Contrary to this finding,
suprathreshold contrast matching values were not significantly
affected by Parkinson’s disease. The differences in the slope
of the psychometric functions at the four reference contrast
levels suggest that suprathreshold contrast discrimination is
also somewhat affected in Parkinson’s disease. However,
the magnitude of the effects above detection threshold are
relatively small and are thus only marginally significant.

Contrast adaptation in Parkinson’s disease
Our original hypothesis that the effects of contrast adaptation
could be reduced in Parkinson’s disease, was not supported
by the present results. Although patients with Parkinson’s
disease had significantly higher detection thresholds, these
thresholds were affected by prior adaptation in the same way
as those observed in the control group. Following adaptation
detection, thresholds were increased by a factor of 2.1
(log10 5 0.33) in patients with Parkinson’s disease, by a
factor of 2.75 (log10 5 0.44) in patients with multiple system
atrophy, and by a factor of 2.3 (log10 5 0.363) in the control
group. Although the effects of adaptation are smaller for
suprathreshold contrast matches (varying from a factor of
1.14 to one of 1.37), the magnitudes of these effects are
similar across the three groups studied. In a group of six
patients with Parkinson’s disease, Harriset al. (1992) reported
that contrast adaptation could be elicited in central vision.
Contrast matches between centrally and peripherally located
grating patches indicated that the contrast gain in the
peripheral vision might be affected by Parkinson’s disease.
In support of the former finding, the present results suggest
that, within a 6° radius of the fovea, contrast adaptation is
normal in patients with Parkinson’s disease.

Reaction times
Patients with Parkinson’s disease exhibit longer RTs in tasks
demanding a simple response (Montgomery and Nuessen,
1990), as well as in more complicated choice RT or dual tasks
demanding allocation of attention and efficient perceptual
processing (Bloxhamet al., 1987; Pullmanet al., 1988;
Brown and Marsden, 1991). The present results indicate that
patients with Parkinson’s disease have significantly prolonged
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RTs compared with control patients. The overall RTs are
most prolonged for the detection task, in which the patient
must decide on which side the low contrast stimulus was
presented. Although this, at first glance, would appear to be
an easy task, there is more temporal uncertainty in it, since
the exact time of stimulus onset is less obvious. Furthermore,
in trials where the stimuli remained below threshold, the
patient had to indicate the reference stimulus location, which
can be interpreted as a further cognitive load. Indeed, both
the patients with Parkinson’s disease and the control patients
required more time to respond to this task (Fig. 5).

Differences between Parkinson’s disease and
multiple system atrophy groups
While Parkinson’s disease patients exhibited a significant
reduction in contrast sensitivity, patients with multiple system
atrophy showed contrast sensitivity values similar to those
of the control patients. This result suggests that the visual
system is not affected in the same way in these two patient
groups. Taken together with the clinical observation that only
a small proportion of patients with multiple system atrophy
respond toL-dopa therapy, the present results suggest that
the reduced contrast sensitivity in Parkinson’s disease is
related to a dopaminergic pathology. The observation that
the visual system is less affected in multiple system atrophy
suggests that its pathogenesis differs from that of
Parkinson’s disease.

Underlying pathology of loss in contrast
sensitivity
The question remains as to which site in the visual path-
way is affected by Parkinson’s disease. The pathogenic
mechanisms in Parkinson’s disease that induce cell
dysfunction and loss in subcortical nuclei (e.g. substantia
nigra and the locus coeruleus) might also be involved in the
pathology of retinal amacrine cells. Our observation, that
cortical adaptation is not significantly affected in Parkinson’s
disease, indicates that cortical pathology probably plays only
a minor role with respect to reduced contrast sensitivity.
However, further studies are needed to substantiate this
claim. Furthermore, post-mortem studies of abnormal retinal
morphology in Parkinson’s disease would help to clarify,
whether there is amacrine cell loss or whether there are Lewy
bodies in the amacrine cells of the retina in Parkinson’s
disease. Also a simultaneous evaluation of the contrast
sensitivity and the pERG could help in the understanding
of the relationship between a progressive loss of contrast
sensitivity and pathological findings in the pERG
(Langheinrichet al., 1997). Differential effects of pathology
on the pathways leading to magno- and parvo-cellular layers
in the lateral geniculate nucleus could also play a role in
near-threshold versus suprathreshold contrast discrimination.
Finally comparative studies of patients with different

Parkinsonian-like disorders such as Parkinson’s disease and
multiple system atrophy may clarify whether visual testing
can contribute to the differential diagnosis of the Parkinsonian
syndrome.
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