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Abstract

Background: The diagnosis of different parkinsonian
syndromes and the ability to predict long-term drug effi-
cacy constitute important clinical issues. Design: Motor
responses to the acute administration of levodopa and
apomorphine were analyzed in a series of 134 parkinso-
nian patients, including 83 patients with a clinical diag-
nosis of idiopathic Parkinson’s disease (PD), 28 patients
with multiple-system atrophy (MSA), 6 with progressive
supranuclear palsy, and 17 with an unclassified parkin-
sonian syndrome. Methods: The patients received oral
levodopa/carbidopa (250/25 mg) and subcutaneous apo-
morphine (1.5, 3 and 4.5 mg). Clinical variations of the
Unified Parkinson’s Disease Rating Scale (UPDRS) motor
score were evaluated 1 h following levodopa administra-
tion or 20 min following apomorphine. The motor im-
provement produced by each acute challenge was
matched with the clinical diagnosis and with the re-
sponse to chronic levodopa treatment. The diagnosis

was verified by repeated clinical assessments or by
autopsy in 2 cases. A receiver operating characteristics
curve was plotted comparing PD vs. non-PD, PD vs. MSA
and chronic responders vs. nonresponders. Cutoff
threshold improvement was defined as the value closest
to the crossing point for 80% sensitivity and 80% speci-
ficity, corresponding to the best trade-off for a predictive
evaluation. Results: UPDRS motor score improvement
was on average higher in PD than in non-PD patients (le-
vodopa: 29.8 vs. 12.2%; apomorphine 1.5 mg: 27.1 vs.
10.5%; apomorphine 3 mg: 27.7 vs. 9.7%; apomorphine
45 mg: 28.8 vs. 11.8%; p < 0.01 with Student’s t test).
When PD patients were compared to non-PD patients,
levodopa challenge had the best diagnostic accuracy
with a threshold improvement of 16%. Apomorphine
had the best diagnostic accuracy with a threshold im-
provement of 13.5% for 1.5 mg, 13% for 3 mg, and 16%
for 4.5 mg. This meant that patients improving at least
16% in all tests had the highest probability of having PD.
When PD patients were compared to MSA patients, levo-
dopa acute challenge had the best diagnostic accuracy
with a threshold improvement of 17%. Apomorphine
had the best diagnostic accuracy with an improvement
of 13% for 1.5 mg, 15% for 3 mg, and 18% for 4.5 mg.
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This meant that patients improving at least 18% in all
tests had the highest probability of having PD rather than
MSA. When patients who responded to chronic levodo-
pa treatment were compared to those who did not, acute
challenge with levodopa had the best predictive accura-
cy with a threshold improvement of 14.5%. Apomor-
phine had the best predictive accuracy with an im-
provement of 13% for 1.5 mg, and 14% for 3 and
45 mg. This meant that patients improving at least
14.5% in all tests had the highest probability of re-
sponding to chronic treatment. Conclusion: A good
agreement was found between acute challenges with
levodopa/carbidopa and apomorphine, and the use of
both improved the reliability of the test. Different thresh-
old improvements after acute challenges would support
a diagnosis of PD or the exclusion of MSA, and would
have a predictive value for subsequent response to
chronic levodopa therapy.

Copyright © 2000 S. Karger AG, Basel

Introduction

While recognition of a parkinsonian syndrome may be
immediate, the clinical diagnosis of idiopathic Parkin-
son’s disease (PD) 1s difficult, due to the lack of a specific
biological marker. Other parkinsonian syndromes present
overlapping clinical features, and a high frequency of
diagnostic errors has been reported in clinical pathologi-
cal studies [1]. Response to antiparkinsonian medication
is directly related to the diagnosis. It is accepted that lack
or loss of response 1o levodopa is incompatible with a di-
agnosis of PD [1, 2]. It has also been established that mul-
tiple-system atrophy (MSA) non-PD patients may re-
spond to levodopa for some time, before becoming unre-
sponsive to chronic drug treatment [3, 4]. MSA patients
with poor or no response to levodopa, who responded well
to a dopamine agonist, have been recently reported [5].
This indicates that synaptic mechanisms involved in de-
generative diseases are more complex and heterogeneous
than previously thought.

Acute challenge with levodopa or apomorphine is a
current practice in the clinical assessment of parkinsonian
patients [6, 7], although its specific predictive value in
relation to diagnosis and chronic response to oral medica-
tion has not been unequivocally assessed. Sustained re-
sponse to levodopa has been observed in patients present-
ing 20-30% improvement following an acute challenge
[8], but the exact predictive value of the direct agonist
apomorphine and of the ‘prodrug’ levodopa has never
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been specifically assessed. Therefore, it is not known
whether their different mechanisms of action may allow
for different uses in clinical practice.

Patients and Methods

Drug Challenge

One hundred and thirty-four parkinsonian patients (56 women,
78 men) were consecutively selected in the movement disorder clinic
of the Gemelli Hospital to be evaluated for acute dopaminergic chal-
lenge in the period from 1992 to 1995. They all presented with akine-
sia and rigidity, often accompanied by other neurological symptoms.
In order to prevent side effects, all patients received the peripheral
dopamine antagonist domperidone (20 mg t.i.d.), starting at least
24 h before the assessment. All antiparkinsonian medication was
withheld for at least 12 h according to published guidelines [9].
Patients were tested early in the morning in a fasting state; they
received a single standard oral dose of levodopa/carbidopa (250/25
mg) on the first day and apomorphine on the following days. Apo-
morphine was given subcutaneously at a dose of 1.5, 3.0, or 4.5 mg,
with a delay of at least 90 min between two subsequent doses or on
separate days. The dosage was increased until either side effects
occurred or the maximum dose was reached.

Motor responses were assessed at baseline and 60 min following
the levodopa challenge or 20 min following each subcutaneous dose
of apomorphine. The motor response was evaluated by clinical rating
according to the Unified Parkinson’s Disease Rating Scale (UPDRS)
motor score (part I1I). The response was defined, for each challenge,
as the percentage total of UPDRS motor score variation following
each acute administration compared to baseline.

All patients received chronic treatment with levodopa. A patient
was considered to respond to the chronic treatment when a sustained
clinical improvement associated with levodopa-related motor fluctu-
tions was observed.

Diagnosis

Each patient received a provisional clinical diagnosis, which was
updated in regular follow-up examinations at least twice a year. The
most recent diagnosis or autopsy verification, if available, was consid-
ered in the retrospective evaluation (table 1). In most cases, the clinical
diagnosistook into account the history of the patient’s clinical response
to dopaminergic drugs. However, this was not based on a formal eval-
uation with objective clinical scales. For the purposes of this study, the
patients were classified as PD, MSA, progressive supranuclear palsy
(PSP), or unclassified parkinsonian syndrome cases.

The clinical diagnosis of PD was based on the diagnostic workout
proposed by the UK PD brain bank [10]. Brain imaging (MRI scans,
in most cases, or CT scan) was performed at least once for every
patient. The clinical diagnosis of MSA was made according to the
commonly accepted definition of probable MSA [3]. The clinical
diagnosis of PSP was made according to the consensus definition of
probable (i.e., clinically definite) PSP [11]. Patients who did not meet
any of the above-mentioned criteria were described as having an
unclassified parkinsonian syndrome. Patients who did not match the
criteria for a diagnosis of PD were classified as non-PD (a group
including all MSA, PSP and unclassified cases).

The pathological diagnosis of PD, MSA or PSP was made accord-
ing to commonly accepted criteria [12, 13].
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Table 1. Patient demographics

PD Non-PD MSA PSP NC
Number of patients (M/F) 83(51/32) 51(27/24) 28 (13/15) 6 (2/4) 17 (12/5)
Age at disease onset, years = SD 56.4+10.7 61.8+10.7 58.3+10.7 67.3+£6.4 63.3£11.5
Disease duration at time of test, years £ SD 48+3.6 49+3.7 4.7£3.8 3.0x2.5 5.63.6
Disease duration at time of last evaluation, years + SD 7.1x4.4 6.7t4.1 6.5t4.1 4.3x£4.0 7.8+3.6

NC = Unclassified parkinsonian syndrome.

Predictive Value

Variations in the UPDRS motor score before and after an acute
challenge were compared in the following combinations: PD vs. non-
PD, PD vs. MSA, and chronic responders vs. nonresponders. To
evaluate predictive accuracy, receiver operating characteristics
(ROC) curves of the levodopa and apomorphine challenges were
plotted. Sensitivity was defined as the ratio between the number of
patients classified as PD, or as chronic responders, respectively, hav-
ing a feature in the group and the total number of patients in the same
group. Specificity was defined as the ratio between the number of
patients not having a feature in the group classified as non-PD, as
MA or as non-chronic responders, respectively, and the total number
of patients in the same group [14].

For each test, sensitivity and specificity were computed with 5%
intervals from 0 to 50% and with 1% intervals (0.5% in the case of
apomorphine 1.5 mg) for the values encompassing 80% sensitivity
and 80% specificity. The point closest to 80% sensitivity and 80%
specificity was defined as the best trade-off threshold for UPDRS
motor score improvement.

Results

Clinical Features

Based on clinical follow-up or on autopsy, 83 patients
(61.9%) received a retrospective clinical diagnosis of PD,
while 51 (38.1%) had a clinical diagnosis of a parkinso-
nian syndrome other than PD, i.e. non-PD. In the latter
group, 28 (20.9%) had a clinical diagnosis of MSA and 6
(4.5%) had a clinical diagnosis of PSP. The remaining 17
patients had an unclassified parkinsonian syndrome. In 2
cases a pathological diagnosis was obtained. In one, pa-
thology confirmed the clinical diagnosis of MSA; in the
second case, which had been classified on clinical grounds
as non-PD, postmortem revealed a typical PD picture,
however, the presence of multiple lacunae in the basal
ganglia resulted in this case being classified as a non-PD
case.

Patient demographics, disease duration at the time of
the acute challenge and duration of follow-up are reported
in table 1. Based on chronic response to levodopa therapy,

Acute Drug Challenge in Parkinsonism

78 PD patients were classified as chronic responders (the
remaining being unclassified), while 22 non-PD patients
were classified as chronic responders and 26 as non-
chronic responders (3 patients remained unclassified).
Overall, 100 patients (74.6%) benefited from chronic
levodopa therapy, while 27 (20.1%) did not. Seventeen
patients (13 PD, 2 MSA, 2 PSP) were drug-naive at the
time when they received the acute challenge.

Drug Challenge

The clinical effect of apomorphine was usually pre-
ceded by yawning, occurring approximately 15 min fol-
lowing an injection and lasting for less than 60 min.
Adverse reactions to apomorphine included drowsiness,
nausea, vomiting, hypotension, sweating; they prevented
an increase in dosage in some patients. All the effects
resolved within 30 min. The clinical efficacy of levodopa
was detected approximately 30-50 min after oral admin-
istration. Levodopa was better. tolerated than apomor-
phine, although nausea and vomiting occurred on occa-
sion. For practical reasons, not every patient received all
the possible combinations: oral levodopa/carbidopa was
given to 70 PD and to 46 non-PD patients (24 MSA,
6 PSP, 16 unclassified); 1.5 mg apomorphine was admin-
istered to 61 PD and to 44 non-PD patients (25 MSA,
5 PSP, 14 unclassified); 3 mg apomorphine was adminis-
tered to 51 PD and to 36 non-PD patients (21 MSA,
4 PSP, 11 unclassified); 4.5 mg apomorphine was admin-
istered to 34 PD and to 27 non-PD patients (15 MSA,
4 PSP, 8 unclassified).

Objective UPDRS motor score improvement was sig-
nificantly higher in PD than in non-PD, MSA or PSP
patients after acute challenges with either drug and any
dosage (p < 0.001 in each case; table 2).

When patients who received a diagnosis of PD were
compared to non-PD patients, the levodopa diagnostic
predictive value had a threshold improvement of 16%,
yielding a sensitivity of 77.1% (54 of 70 PD were de-
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Table 2. Average percent UPDRS motor score improvement in PD,
non-PD, MSA and PSP patients

Drug PD,% Non-PD,% MSA,% PSP,% NC,%
Apomorphine 1.5 mg  27.1 10.5 11.9 12.4 9.6
Apomorphine 3.0 mg  27.7 9.7 14.3 5.8 7.6
Apomorphine 4.5 mg  28.8 11.8 13.3 6.9 11.4
Levodopa/carbidopa 29.8 12.2 12.8 13.4 131

Comparison of PD cases to any other group was statistically sig-
nificant (p < 0.01, in each case, with Student’s t test). NC = Unclassi-
fied parkinsonian syndrome.

tected) and a specificity of 71.1% (33 of 46 non-PD were
detected). Apomorphine 1.5 mg diagnostic predictivity
had the best trade-off threshold with a 13.5% improve-
ment (sensitivity 70.5%, 43 of 61 PD were detected; spec-
ificity 65.9%, 29 of 44 non-PD were detected). Apomor-
phine 3 mg diagnostic predictivity had the best trade-off
threshold with a 13% improvement (sensitivity 76.5%, 39
of 51 PD were detected,; specificity 63.9%, 23 of 36 non-
PD were detected). Apomorphine 4.5 mg diagnostic pre-
dictivity had the best trade-off threshold with a 16%
improvement (sensitivity 76.5%, 26 of 34 PD were de-
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tected; specificity 66.7%, 18 of 27 non-PD were detected)
(fig. 1). ;

When patients who received a diagnosis of PD were
compared to MSA patients, levodopa diagnostic predic-
tive value had the best trade-off threshold with a 17%
improvement (sensitivity 74.3%, 52 of 70 PD were de-
tected; specificity 75%, 18 of 24 MSA were detected).
Apomorphine 1.5 mg diagnostic predictivity had the best
trade-off threshold with a 13% improvement (sensitivity
72.1%, 44 of 61 PD were detected; specificity 64%, 16 of
25 MSA were detected). Apomorphine 3 mg diagnostic
predictivity had the best trade-off threshold with a 15%
improvement {sensitivity 70.6%, 36 of 51 PD were de-
tected; specificity 66.7%, 14 of 21 MSA were detected).
Apomorphine 4.5 mg diagnostic predictivity had the best
trade-off threshold with an 18% improvement (sensitivity
76.5%, 26 of 34 PD were detected; specificity 66.7%, 10
of 15 MSA were detected) (fig. 2).

When patients who responded to chronic levodopa
treatment were compared to those who did not, levodopa
provided the best predictive accuracy with a trade-off
threshold of 14.5% improvement, yielding a sensitivity of
69.4% (59 of 85 chronic responders were detected) and a
specificity of 79.4% (19 of 24 non-chronic responders
were detected). Apomorphine 1.5 mg chronic response
predictivity had a trade-off threshold of 13% improve-
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ment (sensitivity 68.4%, 52 of 76 chronic responders were
detected; specificity 79.2%, 12 of 17 non-chronic re-
sponders were detected). Apomorphine 3mg had a
threshold of 14% (sensitivity 64.6%, 42 of 65 chronic
responders were detected; specificity 76.5%, 11 of 14 non-
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chronic responders were detected). Apomorphine 4.5 mg
had a threshold of 14% (sensitivity 72.1%, 31 of 43
chronic responders were detected; specificity 78.6%, 11 of
14 non-chronic responders were detected (fig. 3).

Eur Neurol 2000;43:95-101 99



Discussion

Motor response to acute drug challenge may provide
useful clues for the prediction of response to chronic treat-
ment and for the correct diagnosis of parkinsonian syn-
dromes. This study calculates threshold values to be used
in clinical practice and allows the following predictive
assumptions to be made: a patient improving at least
14.5% in all tests has a high probability of having a
chronic response to therapy. A parkinsonian patient im-
proving at least 16% in all tests has a high probability of
having PD. Finally, a parkinsonian patient improving at
least 18% in all tests has a high chance of not having MSA.
A limitation of this study is that at the time of the tests
most patients had already been treated with antiparkin-
sonian medication, while 17 could be considered de novo.
This bias reflects the fact that the Gemelli Hospital is a
referral center and probably reduced the number of false-
negative results in the acute challenges, which are ex-
pected in a greater proportion in de novo patients [15].
Consequently, the present data provide little predictive
information for untreated, newly diagnosed patients.

In previous studies, acute responses to apomorphine
and levodopa have been reported to predict the effect of
chronic levodopa therapy in more than 90% of patients
with advanced disease and in 67-85% of patients at the
time of their first diagnosis [8, 16, 17]. In most previous
studies the criteria for a positive reponse to acute chal-
lenge were established a priori [6, 17] and the patients
were followed up for a relatively short period of time (a
mean of 13 months in one study [17]). The same criticism
also applies to a prospective study aimed at predicting
chronic response to levodopa based on the a priori 20%
cutoff UPDRS motor score improvement following an
acute challenge with apomorphine [8]. If a too high cutoff
value is defined, this greatly reduces the sensitivity of a
test. Therefore, in the present retrospective evaluation,
threshold values were measured considering the most
convenient trade-off between sensitivity and specificity.
In order to guarantee a reliable clinical diagnosis, the
patients were followed-up for an average of 6.9 years from
the onset of disease. The measured threshold values for
diagnosis and for chronic response to levodopa were lower
than the artificial values established a priori. This pro-
vides a possible explanation for the lower predictivity of
acute challenge in the present series compared to earlier
reports.

Parkinsonian syndromes are clinicopathological enti-
ties, for which a definite diagnosis can only be established
by autopsy. In current practice a clinically definite diag-

100 Eur Neurol 2000;43:95-101

nosis is based on the observation of a clinical picture
matching established criteria, provided follow-up is of a
length comparable to the average survival time in each
category of patients. Average survival for MSA is 7.1
years, and for PSP it is 6.7 [3, 4], thus quite comparable to
the average follow-up of 6.9 years in the present series.

The present report confirms, in a large series of pa-
tients, that apomorphine reliably predicts the chronic
response to levodopa. This is surprising, as the two drugs
differ quite significantly in their mechanism of action and
central pharmacokinetics [7]. Apomorphine does not re-
quire metabolic conversion to a pharmacologically active
metabolite, its activity depending on the integrity of stria-
tal dopamine receptors. By contrast, levodopa, the natural
precursor of dopamine, is a ‘prodrug’ whose action de-
pends on dopa decarboxylase located in surviving dopa-
minergic neurons or in glial cells. Nonetheless, levodopa
and apomorphine challenges provided similar results, in
that their sensitivity was higher than their specificity, i.e.
the ‘true positive’ values were correctly identified. Slightly
better results were obtained with the levodopa challenge:
54 out of 70 PD patients were correctly identified. Re-
sponsiveness to levodopa 1s a requisite for the diagnosis of
PD, while response to dopamine agonists'is not. Very few
cases of histologically proven PD have been reported not
to respond to adequate doses of levodopa [18]. In addi-
tion, evidence has been recently collected that MSA
patients who do not respond to levodopa may significant-
ly improve following an acute challenge with apomor-
phine, and can also be treated chronically with a dopa-
mine agonist [5]. Thus, although on average the acute
challenge with levodopa or apomorphine yield similar
results, there 1s evidence that in individual patients the
use of both drugs may be of added benefit.

The predictive nature of acute challenges in relation to
diagnosis or chronic response differed somewhat. Levo-
dopa challenge had the most convenient trade-off for the
diagnosis of PD (71.1% sensitivity, 71.7% specificity;
fig. 1), while apomorphine (3 and 4.5 mg) challenge had
the best trade-off for the prediction of a chronic response
(fig. 3). This suggests that levodopa may more reliably
predict a diagnosis of PD, while apomorphine may more
specifically predict the chronic response, an observation
further supporting the complementary role of the two
drugs.

A significant proportion of MSA patients may present
a transient response to levodopa in the initial disease
stages [3]. These patients are more likely to be classified as
PD on purely clinical grounds. The question arises as to
whether acute challenge tests may reveal a poorer motor

Rossi/Colosimo/Moro/Tonali/Albanese



response in such cases. Interestingly, when the response to
an acute challenge with levodopa in MSA patients is com-
pared to that of PD patients, specificity is higher than sen-
sitivity (fig. 2). This indicates that a significant percentage
of ‘true negative’ values are correctly detected by such
comparison, as confirmed by the identification of 49 out
of 70 PD patients. This observation supports the view
that acute challenge tests may provide an aid for the dif-
ferential diagnosis of parkinsonian syndromes.

The present study provided a direct comparison of the
efficacy of apomorphine and levodopa. In a randomized
double-blind study of the efficacy of apomorphine follow-
ing an acute challenge, no improvement was observed
with a placebo [19]. In the present study, no placebo was
used because (a) the two drugs had different administra-
tion routes and (b) some typical side effects of apomor-

phine (e.g., yawning, mild nausea) could have easily
allowed a patient or the doctor to identify this drug.

In conclusion, we propose that acute pharmacological
challenges be considered supportive for the diagnosis of
PD when acute improvement in the UPDRS motor score
following levodopa and apomorphine challenges is higher
than 18%. An improvement between 14.5 and 18% would
predict response to chronic treatment, without having a
diagnostic value.
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