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The apomorphine test in Parkinsonian syndromes

D F D'Costa, R J Abbott, I F Pye, P A H Millac

Abstract
The dopamine receptor agonist apomor-
phine has been used successfully to treat
on-off swings in Parkinson's disease. Its
value as a predictor of dopa responsive-
ness in idiopathic Parkinson's disease
(IPD) was assessed and its potential
role in differentiating IPD from the
Parkinsonian plus syndromes (PPS) of
multisystem atrophy, progressive
supranuclear palsy and olivoponto-
cerebellar atrophy was investigated. The
response to an injection of apomorphine
was observed in 20 patients with IPD and
eight with PPS after being off levodopa
for 12 hours. Patients were reassessed
after taking levodopa for one month.
Nineteen of the 20 patients (95%) with
IPD showed a positive response to apo-
morphine and 18 (90%) to oral levodopa.
In the PPS group, two patients (25%)
responded to the apomorphine injection
but not to oral levodopa. Apomorphine
produced severe drowsiness in the PPS
patients. It is suggested that the test can
predict dopa responsiveness in IPD and
may be of help in confirming a doubtful
diagnosis. It has potential value in dif-
ferentiating IPD from PPS.

Apomorphine, a powerful dopamine receptor
agonist, is a useful treatment for the on-off
fluctuations in Parkinson's disease.'2 Recent
reports"' suggest that it might be used to
predict levodopa responsiveness in Parkinson-
ian syndromes. Our study was set up to inves-
tigate this possible application further and to
see whether idiopathic Lewy body Parkin-
son's disease (IPD) could be distinguished
from the Parkinsonian plus syndromes (PPS)
of multisystem atrophy (MSA), progressive
supranuclear palsy (PSP) and olivoponto-
cerebellar atrophy (OPCA). In addition we
wanted to assess whether an uncertain diag-
nosis of IPD could be confirmed.
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Patients and methods
We assessed 28 patients-20 with IPD and
eight with PPS-on the basis of a clinical
diagnosis and CT brain scans. The diagnosis
of IPD was made on classic rest tremor, with
bradykinesia and/or rigidity and a response to
levodopa treatment (in patients already being
treated). The IPD patients had negative CT
scans. The diagnosis of PPS was based on the
absence of rest tremor, early falls or dementia,
abnormalities of eye movements, cerebellar
ataxia or pyramidal signs. This group were
also unable to tolerate levodopa and had CT

scans showing atrophy on one or more areas.
Five patients with IPD were newly diagnosed
and had not received levodopa. The PPS
group consisted of four patients with MSA,
three with PSP and one with OPCA. Patients
with impaired renal function or severe demen-
tia were excluded. Informed consent was
obtained.

Patients received domperidone (a peri-
pheral dopamine receptor antagonist) 20 mg
eight hourly, 24 hours before the test, and
throughout its duration to prevent side effects.
All anti-Parkinsonian medication (levodopa,
anticholinergics, bromocriptine, selegiline)
was discontinued 12 hours before the test.
Motor function was assessed by the tap test
and the walking test. In the tap test, the
patient had to tap for 15 seconds between two
plates 20 cm apart with a metal stylus connec-
ted to an electronic counter6 using the most
affected hand. The walking test consisted of
the time taken to rise from an armless chair,
walk six metres, turn and return. A mean
of three scores was recorded for each test.
Assessments were made as a baseline and then
every 15 minutes after a subcutaneous injec-
tion of 1 mg of apomorphine. The dose was
increased sequentially to 2, 4, 5, 8 or 10 mg
until either a positive response occurred or
intolerance developed, the minimum time be-
tween each injection being 90 minutes. A
positive response was defined as a change of
> 15% from baseline in either tapping or
walking. Patients were then given oral
levodopa the doses of which varied according
to clinical severity. All patients were assessed
at the end of one month whilst on levodopa.
The tap test (a mean of 3 scores) and walking
test (mean of 3 scores) were performed one
hour after the morning dose of levodopa.
Sequential recordings were not made. Age
and sex matched controls with no neurological
disability were also assessed to try and define
normal tap and walking scores.

Statistical methods: non-parametric meth-
ods using the Wilcoxon signed rank test and
Spearman's rank correlation were used to
analyse the results. The significance value of
the correlations was calculated using a t test.

Results
The results of the two groups are shown in the
table. The mean age for the IPD and PPS
groups was 50 and 66 years and the mean
duration of the disease 3-8 and 3 0 years
respectively. Nineteen patients (95%) with
IPD and two patients (25%) with PPS showed
a positive response to apomorphine.

In the IPD group, the baseline tap scores,
mean (SEM), (fig 1) of 31 3 (2 2) improved by
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Table Characteristics of the two groups

IPD PPS

Total number 20 8
Mean age (range) years 50 (35-78) 66 (51-77)
Sex ratio (M/F) 12/8 4/4
Average duration of disease

in years 3-8 (1-16) 3 (1-8)
Mean apomorphine dose (mg) 3 7 (1-10) 3-3 (1-8)
Positive responders to
apomorphine (total) 19 2

Positive responders to
levodopa (total) 18 *2

IPD = Idiopathic Parkinson's disease, PPS = Parkinsonian
plus syndromes. *These two patients had a negative response
to apomorphine.

27-6% (range 15-75%) to 40-0 (3-0) after
apomorphine and to 38 3 (3-0) on levodopa.
The walking times (fig 2) were 31-8 (6 6)
seconds (baseline), 21-0 (4-0) seconds after
apomorphine, and 22-1 (5-1) seconds on
levodopa. The improvement in the mean tap
score and walking times after apomorphine and
levodopa was highly significant (p < 0-01).
The mean (SEM) scores for age and sex
matched controls with no neurological dis-
ability were 57-7 (1 -7) for tapping and 13-5 (0-5)
for walking. Thus even after treatment, the
scores were below that of controls. The mean
apomorphine dose required to elicit an optimal
response was 3-7 mg. Three patients required
8 mg and one required 10 mg to show a res-
ponse. This response was noted within 15
minutes of the injection in all but three of the
responders in whom the onset took place at 30
minutes. The duration of response was 75
minutes (range 45-120). Eighteen of the 19
responders to apomorphine showed a similar
positive response to levodopa. There was a

Figure 1 Mean Tap
Scores ( ± sem) at
baseline off treatment (A),
after apomorphine (B)
and after levodopa (C) in
the IPD and PPS groups.
D = normal controls.
IPD = Idiopathic
Parkinson's Disease.
PPS = Parkinson's plus
syndromes.
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highly significant (p < 0-001) positive correla-
tion between the changes in tapping after
apomorphine and levodopa (r = 0-88), and
between the changes in walking after apomor-
phine and levodopa (r = 0 96). There was a
negative correlation between tapping scores
and walking times after apomorphine
(r = - 064) (p < 0-005) and after levodopa
(r = - 0-49) (p < 0-05) reflecting that as tap-
ping scores improved, walking times were
reduced. Two responders to the tap test
showed no change in walking. One patient
showed a positive response only in walking and
not tapping-as the lower limbs were mainly
involved. Only one patient (5%) failed to
respond to either apomorphine or levodopa. A
few patients noted a significant improvement in
rest tremor after apomorphine.

In the PPS group, two out of eight (25%)
responded to apomorphine but neither of these
responded to oral levodopa. The mean dura-
tion of benefit (75 minutes) was similar to the
IPD group. The responses to apomorphine
were quite dramatic-one patient with MSA
for four years showed a 50% improvement in
tapping and 30% improvement in walking.
The other patient with OPCA for two years
showed a 20% improvement in both tapping
and walking. Two other patients who obtained
no benefit with apomorphine improved with
levodopa. Of these, one with PSP for eight
years showed a 40% improvement in both
tapping and walking with levodopa and the
other with MSA for three years a 30%
improvement in walking. The remaining four
patients (50%) were unable to tolerate oral
levodopa preparations developing nausea,
vomiting and malaise even with low doses.
Baseline tapping, mean (SEM), 20 (2-8), and
walking, 22-8 (4-7), scores did not change
significantly after apomorphine 22-6 (4 6),
20 5 (4-5) or after levodopa, 20 (1 7),
18-1 (22).
Adverse reactions to apomorphine were mild

in the IPD group and included nausea, vomit-
ing, dizziness, flushing, sweating and pallor.
This affected 10 of 20 patients. One patient
developed transient priapism. In the PPS
group the side effects were more pronounced
and occurred in all patients and at lower dosage
than for IPD. In addition the PPS group had
quite marked drowsiness which was present in
all patients.

Figure 2 Mean Walking
Scores ( ± sem) at
baseline off treatment (A),
after apomorphine (B)
and after levodopa (C) in
the IPD and PPS groups.
D = normal controls.
IPD = Idiopathic
Parkinson's Disease.
PPS = Parkinson's plus
syndromes.
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Discussion
Nineteen patients (95%) with IPD showed a
positive response to apomorphine. Eighteen of
these (94-7%) showed a similar positive res-
ponse to prolonged levodopa. The nineteenth
patient had a subjective response to apomor-
phine which could not be confirmed objec-
tively. The test therefore reliably predicts dopa
responsiveness in 90% of patients.

Five of the 20 patients (25%) had very early
features of IPD and the positive response to
apomorphine and levodopa in these patients
helped confirm the diagnosis. False negatives,
however, may occur particularly in de novo
patients.' Five others had previously shown a
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doubtful response to levodopa or were unable
to tolerate the preparation. By demonstrating a
response to apomorphine these patients then
had the opportunity of increasing their current
doses or receiving a different levodopa prepara-
tion.
The single non-responder to apomorphine

and levodopa in the IPD group has shown no
response to levodopa infusions and has been
unable to tolerate oral levodopa. He was aged
50 and had typical features of IPD with a rest
tremor, rigidity and a bradykinetic stooped
gait. He had two negative CT scans three years
apart. It will be interesting to see whether in the
long term he develops PPS. The other dopa
non-responding patient was aged 72. He had
classic features of IPD four years ago and he
initially responded to treatment, but has not
done so recently. He had a 35% improvement
in tapping after apomorphine but no change
with levodopa. He is thus a late non-responder
and would be suitable for apomorphine.
The mean tap score after apomorphine or

levodopa remained 68% of that of age and sex
matched controls. Likewise, the walking time
was about 60% longer than that of controls.
Despite apparently optimal treatment, a return
to normal function was still not achieved.

In the PPS group, two (25%) showed a
positive response to apomorphine but not
to oral levodopa whilst two non-responders to
apomorphine showed a positive response to
levodopa. Thus the test may not be able to
predict reliably dopa responsiveness in PPS
patients or differentiate IPD from PPS in all
cases. Drowsiness appears to be a feature
unique to the PPS group even with low doses,
and this in itselfmay help point to a diagnosis of
PPS rather than IPD. Four (50%) felt a lot
worse after the apomorphine with an objective
deterioration in their performance. Three of
these were unable to tolerate levodopa but one
showed an improvement in walking with
levodopa.

In the study by Hughes et al,3 apomorphine
accurately predicted the response to long-term
levodopa in 90% of the Parkinsonian patients.
We obtained a similar result in our IPD
patients. There will thus still be 10% of
patients with a negative response who will
respond to prolonged levodopa-hence a
negative response should not rule out a trial of
levodopa.

In the PPS group, our findings differed from
those ofHughes et al. They obtained two false-
negatives out of 35 patients and no false-
positives. We observed two false-negatives out

of eight patients and two false-positives.
Additionally, our PPS patients had a higher
incidence of more pronounced side effects than
the IPD group unlike the study by Hughes et al
where the two groups had broadly similar side
effects. Although we studied only eight patients
with PPS, we believe the profound drowsiness
after apomorphine helps point to a diagnosis of
PPS.
Hughes et al compared the responses to

apomorphine, an oral levodopa challenge and
the response to continued levodopa therapy.
They found a similar sensitivity between
apomorphine and a single levodopa challenge.
We did not use the single levodopa challenge.
Our study compared responses to apomor-
phine and prolonged levodopa and we used a
maximum of 10 mg of apomorphine as did
others7 compared with 4 5 mg by Hughes et al.
The low doses used by Hughes et al might
explain some of the false-negatives they
obtained. Our results therefore confirm their
findings that the apomorphine test can be used
as a quick and reliable test to predict dopa
responsiveness in IPD. In addition it may help
when the diagnosis of IPD is in doubt or if
patients do not respond to levodopa. The
drowsiness produced by low doses of apomor-
phine may point towards a diagnosis of PPS
rather than IPD. A positive test would enable
early institution of Selegeline which may delay
the need for levodopa.' A negative test may also
help avoid prolonged trials with oral levodopa
which may give rise to adverse reactions and no
clear cut response. The test is easy to perform
and can be completed in a short period of time
and has been likened to the edrophonium test in
myasthenia.4 We expect the use of the test to
become more widespread.
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