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Parkinsonism: untreated patients and the effect of
levodopa intravenous infusion.
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SUMMARY Two groups of patients with primary Parkinsonism were studied with the ganzfeld
electroretinogram (ERG): (1) seven patients who had never received dopamimetic agents, and (2)
six patients given an infusion of levodopa following a period of medication withdrawal. Patients in
the first category had a subtle increase in the latency of their short-wavelength sensitive cone

response recorded from the retina ipsilateral to their more symptomatic side. Most patients in the
second category demonstrate an improvement in their ERG when the responses recorded following
levodopa infusion were compared with baseline responses obtained during the period of medication
withdrawal. These results suggest that one role of retinal dopamine may be maintenance of normal
retinal responsiveness to flash stimuli.

Destruction of the nigrostriatal dopaminergic system
is known to occur in patients with Parkinson's dis-
ease.' A more generalised defect in dopaminergic
neurotransmission in Parkinson's disease has been
suggested.2 One possible clinical manifestation of a
more global involvement is the prolonged latency of
the visual evoked potential (VEP), the extent ofwhich
has been correlated with the clinical severity of the
disease.3 Two related findings suggest that the
delayed VEP may be related to dopaminergic path-
ways in the retina. The first finding is the interocular
differences in VEP latency.4 The second is that
dopamine depleters and blockers increase latency of
the VEP recorded over the visual cortex without alter-
ing the conduction time within the optic tract.5
Compared with the VEP, a more localised evalu-

ation of neuronal activity within the retina can be
obtained with the electroretinogram,(ERG).6 Studies
with rabbits show that N-methyl-phenyl-
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tetrahydropyridine (MPTP), a neurotoxin that causes
a Parkinson-like disease in primates and humans7
also decreases the ERG scotopic b-wave amplitude
and increases its latency.8 Initial ERG studies in
patients with Parkinsonism have shown that high
doses of levodopa attenuate the b-wave when there
are associated signs of levodopa toxicity.9 50 In our
study, we evaluated neurophysiological changes in
the retina of patients with early Parkinsonism and, in
addition, examined the effects of levodopa infusion
on patients withdrawn from oral dopamimetic agents.

Methods

Subject selectioni
All patients in these studies were diagnosed with primary
Parkinsonism and gave informed consent.

Patients not previousl/ treated usitl dopaniinergic
agonists Six males and one female with a mean age of 55 7
years (+ S.D. 70) gave informed consent to participate.
None had been treated with dopaminergic agonists. Each
had some lateralisation of Parkinsonism symptoms (table 1).
The severity of the disease was rated according to the stages
of Hoehn and Yahr." Two patients were classified with
stage I disease and five with stage II disease (table 1). The
mean duration of the disease was 3 6 years (±S.D. 2 1).
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Table I Demographics and staging ofpatients not treated with dopamimetics.

Clinical Ratings (Right/Left)
Disease

Patient Age (yr) Sex Stage Duration Bradykinesia* Rigidity* Tremor*

1 65 M II I y +/O 0/0 +/O
2 62 M I 2y 0/0 0/0 0/+
3 58 M I 2y 0/0 0/0 +/O
4 54 M II 3y +/+ 0/0 0/+
5 45 M II 5y + +/O + + +/+ 0/0
6 57 F II Sy +/O 0/0 +/O
7 49 M II 7y 0/0 0/+ 0/+

Parkinsonian symptoms were in each case more pronounced on one side. * evaluated during a clinical neurological examination using a 0-4X
scale.

Ophthalmic criteria for eligibility included a best corrected
visual acuity of 20/20 or better in each eye and normal con-

frontation visual fields, intraocular pressure, slit lamp
examination and fundus examination OU. Both eyes ofeach
patient underwent a ganzfeld ERG. ERG results from the
eye ipsilateral to the more affected side were compared with
those from the contralateral side. The subjects were always
tested in the late afternoon by the same examiner. Patients
were requested to abstain from caffeinated beverages and
from tobacco for 18 hours prior to testing.

Patients receiving levodopa infusion following a period of
withdrawalfrom dopamimetics Five males and one female
with a mean age of 60 3 years (+ S.D. 5 7) participated. Of
the six patients tested, two had stage II disease and four had
stage III disease (table 2). The mean duration of their disease
was 12 0 years (+ S.D. 5 8). Four patients had been receiving
levodopa in combination with carbidopa (Sinemet). Their
mean daily dose prior to withdrawal was 1050mg/kg
(+ S.D. 227). One patient had been on lisuride and one
patient had been treated with trihexyphenidyl. Patients were
withdrawn from their medication for a mean duration of
51-0 hours (S.D. +212) (range 14 to 72 hours). Baseline
ERGs were recorded in the evening prior to the adminis-
tration of levodopa. Intravenous infusion of levodopa began
the following morning at approximately 9 a.m.

Following the onset of the infusion, each patient was

given a minimum of 2 hours to stabilise on the first drug dose
(drug dosage was pre-determined individually for each
patient, table 2). Carbidopa was administered by mouth at a

dose of 50 mg/3 hours. Patients were then taken by wheel
chair to the ERG testing room. Two patients showed dra-
matic changes in their ERG following the first dose (one

improved and the other deteriorated). These two patients
had their dose doubled and were again stabilised for 2 hours
prior to the recording of a final ERG.

Electroretinography
Cycloplegia and mydriasis were obtained with 1% tropic-
amide and 2 5% neosynephrine in the eyes to be tested.
Dark adaptation was conducted in the ERG testing room

for a minimum of 30 minutes. A Burian-Allen contact lens
electrode12 was then mounted using buffered methyl-
cellulose for cushioning. A ground electrode was taped to
the forehead. The subject sat facing a ganzfeld stimulation
system13 which was constructed from a world globe; the
patient's entire face fits inside the globe. This ganzfeld pro-
vided homogeneous test flashes and background illu-
mination. Flashes of 10ps duration were generated with a

modified Grass PS22 photostimulator, and calibrated using
a Pritchard 1980B photometer. Flashes were delivered seri-
ally beginning with the lowest intensity. With this paradigm,
we obtained our log I response profiles. The recording sys-
tem consisted of a Grass P15 amplifier and a Nicolet signal
averager. While the patient was dark-adapted, both the rod
and dark-adapted cone responses were recorded. To isolate
the rod component of the ERG, a Wratten 47B filter (blue)
was interposed between the Grass flash tube and light port
into the ganzfeld. 4 The dark-adapted red-green cone

potentials were isolated using a Wratten 21 filter (red).
To isolate the blue-cone response, a blue flash, generated

using the same 47B filter, was super-imposed on a 6-1 fL
yellow background created with a Wratten 26 filter.'5 Using
this stimulus configuration, the longer-wavelength sensitive
cones and rods were light adapted while the blue-sensitive
cones remained dark adapted. Light adaptation with this

Table 2 Patient demographics and clinical characteristics ofindividuals tested in the levodopa infusion study.

Age Disease Lateralisation History Dose prior Interval Dose Clinical
Patient (yr) Sex Stage Duration of .symptoms of levodopa to holiday off-meds levodopa Improvement

1 58 M II 7y Right 5y 1000mg/day 49h 0 5 & 1.0 Yes
Sinemet mg/ml/min

2 55 M I1 9y Right - No levodopa 51 h 2-5 Yes

3 61 M III 9y Bilateral 7y 1200mg/day 14h 076 Initial t then
Sinemet dyskin

4 70 M III 9y Bilateral 7y 1250mg/day 72h 0 5 No
Sinemet

5 55 F III 16y Left 14y 2-8mg/day 72h 0 5 No
Lisuride

6 63 M III 22y Left 19y 750mg/day 48h 1-0 & 2-0 Yes
Sinemet
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yellow background was continued for a minimum of 2
minutes before the blue flashes were started.
ERG oscillatory potentials (OPs) were elicited under con-

ditions of both dark- and light-adaptation; only the highest
intensity flash was used. Under conditions of dark-
adaptation both red and white flashes were used; under con-
ditions of light-adaptation only white flashes were used. To
record the OPs, the analogue ERG signal was filtered
between 70 and 250 Hz; the interstimulus delay was 30 sec-
onds in accordance with the procedure of Algevere and
Westbeck.'6 For all waveforms except for the OPs, four
responses were averaged in cooperative patients. For the
OPs, the response to the first flash was discarded and the
next two responses were averaged when averaging was possi-
ble. Under the conditions described, the OPs show virtually
no variability between responses.

Light-adapted cone responses were obtained using white
flashes superimposed on a white background (11*5 fL). Sub-
jects were exposed to this background light for a minimum
of I minute before the white flashes were begun.

Statistical analysis
An analysis of variance for repeated measures and two
"within" factors was used to evaluate both the effects of
lateralised disease and to examine the effects of the levodopa
infusion. The two factors for the first study were the disease
laterality and the stimulus intensity. In the second study, the
two factors were the drug effect and the stimulus intensity.
The data were analysed using the General Linear Model of
the SAS software package (ed. 4, SAS Institute; Cary, N.C.).

Results

Untreated patients
The latency of the blue cone response was prolonged
when the ERG obtained ipsilateral to the impaired
side was compared to that recorded from the con-
tralateral eye. The latency of the ipsilateral ERG was
prolonged by a mean of3% across all intensities; this
trend was more manifest at higher intensities. This
asymmetry, although significant at the p < 0-01 level,
loses statistical significance when the Bonferoni cor-
rection (BFC) is made. The mean + 1 S.D. for each
intensity is provided in table 3.

Patients treated with levodopa infusion
Under conditions of dark-adaptation, the rod b-wave
increased in amplitude by a mean of 12% across all
intensities following infusion of levodopa, (p < 0-002

Table 3 Latency datafor the blue-sensitive cone response.
Values are expressed as the mean + I S.D. in units of
milliseconds.

ERG latency contralateral to ERG latency ipsilateral to
Intensity the most affected side the most affected side

1-2 56+3ms 57+4ms
1-4 52 + 2ms 53 + 3ms
1-8 48 + 2ms 49 + 3ms
1-16 42 + 3ms 44 + 3ms

849

following the BFC) (fig IA). Under conditions of
light-adaptation, the a-wave amplitude increased by a
mean of 12% in amplitude (p < 0-02 following the
BFC) and the b-wave increased by a mean of 24% in
amplitude, (p < 0-002 following the BFC) (fig 1 B and
C). Although there is a significant trend for levodopa
to enhance the amplitude of several parameters of the
ERG, inspection of figure 1 shows that at some in-
tensities no effect of levodopa could be demonstrated.
Amplitude enhancement under conditions of light ad-
aptation occurred in association with a mean 2% de-
crease in the latency of the light-adapted b-wave
(p < 0002 following the BFC); both amplitude en-
hancement and a faster latency to peak reflect a rela-
tive improvement in the ERG.

In the light of general ERG improvement, it is in-
teresting that two patients displayed divergent pat-
terns of drug response. Patient I was treated initially
with 0 5mg/ml/min infusion. This resulted in a gen-
eral increase of amplitude and decrease of latency
with respect to baseline values (fig 2). Prior to record-
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Fig I A: levodopa enhances the amplitude of the rod
b-wave and both the a- and b-waves of the light-adapted
cones (B and C respectively). Baseline is represented by the
dotted line and the drug effect by the solid line. The mean
increase (%A) across all intensities for the rod b-wave is
12%, for the light-adapted cone a-wave 15%, andfor the
light-adapted cone b-wave 24%. D: levodopa concurrently
decreases the latency of the ERG light-adapted cone b-wave
by 2% across all intensities.
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Fig 2 Enhancement of the ERG following levodopa infusion. These are the actual waveforms ofpatient
1. Column 1 refers to the baseline response; column 2 to the waveforms following 05 mg/mllmin; column
3 to the waveforms following 100 mg/ml/min. The gain and time base are constant in columns 1, 2 and 3.
BIDA refers to the blue flash under dark-adapted conditions which will elicit the rod response; b(r)
depicts the peak of the rod b-wave. RIDA refers to the redflash under dark-adapted conditions; this
stimulus elicits the R-G cone response. The peak of the cone a-wave is denoted by "a" and the peak of
the cone b-wave is denoted by b(c). When this latter response is filtered between 70 and 250 Hz, only the
fast components of the waveform remain R/DA (f). These are the dark-adapted oscillatory potentials.
They are not recognisable in the baseline responses but become detectable upon administration of i.v.
levodopa (OPs 1, 2, 3). WIDA stands for a white flash under conditions of dark-adaptation. This evokes
a mixed rod and cone a- and b-wave. Neither the rod nor the cone contribution can be separatedfrom the
mixed-response. When this response is filtered, as above, five oscillatory potentials can be discerned
(W/DA(f)). Here again, these are only vaguely identifiable in the baseline recording but are evident
following levodopa infusion. B/ YA represents the "blue-cone" response and is recordedfrom the retina
when a blue flash is super-imposed on a yellow background. Although present in the baseline condition, the
blue cone b-wave (b) increases following levodopa. W/LA indicates a white flash under conditions of light-
adaptation. In addition to the cone a-wave and b-wave, the light adapted response is characterised by the
presence of a d-wave.6 The amplitude of all three waves increases following levodopa. Similarly, the
amplitude of the light-adapted OPs (W/LA(f)) improves with levodopa.
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Fig 3 Deterioration of the ERG following levodopa infusion. These are the actual waveforms ofpatient
6. Theformat for this figure is identical to fig 2 as are the abbreviations. In this patient, column I
represents baseline; column 2 represents I mg/ml/mmn; column 3 represents 2 mg/ml/min.

ing the final ERG, the dose was doubled to
Omg/ml/min. This dose accentuated the positive

trends for the rods, but had little additional effect on
the blue-cone response, light-adapted cones or the os-

cillatory potentials. The long-wavelength sensitive
cone (RG) b-wave was attenuated at this dose.

Patient 6 was treated with an initial dose of
1l0 mg/ml/min and a final dose of 20 mg/ml/min. In
this case, levodopa infusion resulted in a generalised
dose-dependent decrement in both the dark- and

light-adapted ERG. This was manifested in a general
amplitude decrease and latency increase (fig 3).

Discussion

Intravenous infusion of levodopa can affect the ERG
in patients with Parkinson's disease, indicating that
the human retina is sensitive to changes in the sys-
temic levels of levodopa and that this drug or its me-
tabolite cross the blood-retinal barrier. In addition, a
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subtle ERG deficit of the blue-cone response may be
manifest in the early stages of the disease despite the
normal appearance of the fundus and 20/20 or better
Snellen visual acuity.
The enhancement of the a-wave by levodopa under

conditions of light adaptation indicates an action of
levodopa or of dopamine at the level of the
photoreceptors6 17 and is consistent with the recent
evidence ofdopamine receptors on the outer segments
of photoreceptors. '8 19 The general findings of the le-
vodopa infusion study are consistent with the ERG
recovery pattern seen in patient 1 (fig 3). This pattern
of recovery resembles that observed in rabbits20 and
in cats2' in which reserpine attenuated the ERG and
subsequent administration of levodopa (but not of
norepinephrine) resulted in a return of the waveform
toward normal. Corroborative results have been ob-
tained in rats administered with dopaminergic block-
ers followed by dopaminergic agonists.5

In a clinically-related study, Parkinsonian patients
received a VER before and after treatment with le-
vodopa.22 The latency decreased in nine out of 14
patients, changed only slightly in four and increased
in one patient. In two patients, latency shortened in
one eye and became longer in the other. Thus, while
most subjects showed enhanced VER responses, three
of 14 patients provided evidence for a decrement in
visual responsiveness following levodopa adminis-
tration. These data approximate our findings in which
one of 6 patients showed a generalised ERG decre-
ment (Patient 6; table 2); these data may be consistent
with the neurotoxic effect of levodopa demonstrated
by others.9 10 Our collective data suggest that the
retina is at least one element in the visual system
where modulation of dopamine may regulate the re-
sponsiveness to light flashes.

This study was conducted as part of the research re-
quirements for Doctor of Philosophy degree offered
by the Department of Physiology, George Washing-
ton University. We thank John C Coen for his tech-
nical assistance in this study.
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