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Pen injected apomorphine against off phenomena
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Abstract
The effect, therapeutic dose range, and
pharmacokinetics of apomorphine, given
as subcutaneous injections by a single use
pen, were evaluated in the treatment of
off phenomena in 22 patients with idio-
pathic Parkinson's disease. At study
entry a placebo controlled apomorphine
test was performed, and apomorphine
doses were then individually titrated
(mean 3*4 (range 0.8-6.0) mg) and com-

pared with placebo in a double blind
cross over phase. With apomorphine
compared with placebo the mean daily
duration of off periods was reduced by
51% as assessed by the patients and by
58% as assessed by the staff. The severity
of off periods was also significantly
reduced. The effect was unchanged after
a maintenance phase of eight weeks. At
study termination 13 of 14 patients were

able to inject themselves and 11 of 14
patients found that their feeling of free-
dom had increased. The most common

adverse events were nausea, subcuta-
neous nodules, and increased frequency
of involuntary movements. Pharmaco-
kinetics were linear and did not change
with repeat dosing. The t,, ranged from
five to 45 minutes (16 patients).

It is concluded that pen injected
apomorphine is a valuable treatment for
patients with advanced Parkinson's
disease with on-offphenomena.

C(Neurol Neurosurg Psychiatry 1995;58:681-687)
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In several studies of idiopathic Parkinson's
disease the dopamine agonist apomorphine, a

well known emeticum, has shown good effect
on parkinsonian symptoms'-3 and on the "on-
off' phenomena,4-9 probably due to activation
of both D, and D, dopamine receptors.'01'
Most of the studies, however, are anecdotal.

Subcutaneous apomorphine is preferred to
oral treatment, as the substance is nephro-
toxic in oral therapeutic doses.4 A few double
blind, placebo controlled studies with subcu-
taneous injections of apomorphine have previ-
ously been carried out.'2-15 To our knowledge
the present study is the first to combine a

placebo controlled test for dopaminergic
responsiveness with a double blind, placebo

controlled, cross over study of the effects of
optimal doses of apomorphine given as subcu-
taneous bolus injections to patients with
idiopathic Parkinson's disease with on-off
phenomena.

Patients
Twelve women and 10 men with a mean age
of 59 3 (range 44-76) years comprised the
study group. They had had idiopathic
Parkinson's disease for an average of 9-8
(range 3-4-19-2) years, and when in on phase
they were in Hoehn and Yahr stages 2-0-40.
The mean duration of levodopa treatment was
eight (range 3-19) years. Mean body weight
was 69-9 (range 47-0-98-0) kg.

All patients had daily, disabling off periods,
defined as change in motor state within five
minutes, and described by the patient and by
relatives or a physician. Diphasic dyskinesia
was an exclusion criterion.
The patients were on a stable regimen of

levodopa (plus carbidopa or benserazide) of
five to 14 doses per day. Other drugs used for
idiopathic Parkinson's disease related symp-
toms included bromocriptine (12 patients),
selegiline (nine), amitriptyline (eight),
baclofene (two), imipramine (two), and
amantadine, benzhexol, and clozapine (one
patient each). Seven patients had previously
been treated with apomorphine, but no
patients received apomorphine beyond the
test preparation during the study period.

At study entry none of the patients had
orthostatic hypotension or any other relevant,
unstable physical or psychiatric disease, as
documented by their medical history and a
clinical examination.

Methods
DESIGN
The study was carried out at four centres in
Denmark and one centre in Sweden. The
patients were admitted to hospital at study
entry. After an initial placebo controlled test
of dopamine responsiveness (apomorphine
test) on day 2 and a screening phase (mini-
mum three days), doses of apomorphine were
individually titrated in an open dose finding
phase (maximum one week). The patients
then entered a double blind cross over phase
with a scheduled four day period of apomor-
phine treatment and four days of placebo,
in randomised order. Hereafter they were
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discharged from hospital, and during an eight
week maintenance phase came for visits to the
clinic every second week. The study was ter-
minated the day after the last apomorphine
injections had been given (postdose).

TEST PREPARATION
Apomorphine was given as a preserved 10
mg/ml solution (pH 3-4), and isotonic saline
was used as placebo. Injections were given by
prefilled single use pens with a push button
release system (NovoLet). Subcutaneous
injection in the anterolateral femoral region or
abdominal wall was recommended.

DOSAGE REGIMEN
Oral antiparkinsonian drugs were adjusted to
an optimum at least one month before study
entry, and dose changes or administration of
extraneous levodopa as required during the
study period were discouraged.
To avoid side effects such as nausea and

vomiting and orthostatic hypotension induced
by apomorphine, the peripheral dopamine
antagonist domperidone (Motilium) was
given orally (20 mg three times daily), starting
the day before the apomorphine test. We
aimed at a reduction or withdrawal of
domperidone during the maintenance phase.

Before the apomorphine test all antiparkin-
sonian drugs were discontinued for 12 hours
during the night. The test was performed by
giving increasing doses of 1-6, 3-2, 4-8, and
6-4 mg apomorphine with an interval of at
least 120 minutes. If unacceptable adverse
events occurred with less than 6-4 mg, the
dose was not further increased. One placebo
dose was added to the dose regimen as dose 2,
3, or 4 in a randomised manner. Full blinding
of patients and investigators was obtained by
the use of prefilled pens.

After a screening phase of at least three
days with no apomorphine but with usual
medication the patients were given 1 mg apo-
morphine at off periods. Doses were increased
by 1 mg with at least 90 minute intervals,
until the optimal effect on off phenomena was
reached or intolerance to apomorphine
occurred. This dose was maintained for a
minimum of two days before entry to the
cross over phase. The maximum single dose
allowed was 12 mg apomorphine and the
maximum daily dose allowed was 100 mg.

During the cross over phase apomorphine
in individual optimal doses or placebo were
given for four days each, every time the
patient was "off', and during the eight week
maintenance phase the patients continued to
take optimal doses of apomorphine at off peri-
ods. The patients were encouraged to take or
ask for apomorphine injections as soon as off
symptoms occurred, and a second injection
was allowed in case of an unsatisfactory effect
after 30 minutes.

EFFICACY ASSESSMENTS
Dopaminergic response
The dopaminergic response was evaluated by
an apomorphine test.16-'8 The following four
variables were evaluated by the investigator

immediately before and 30-45 minutes after
each injection: (a) rigidity (wrists, elbows,
neck, knees), (b) tremor (head, arms, and
legs), both on a scale from 0 to 4, 4 indicating
severe affection; (c) time to make 20 hand
turnings (each hand separately, tapping on
knees); and (d) time to walk 7 m and back.
A positive test response was defined as a
significant effect in at least two of the four
tests (minimum 25% reduction of score in
tests 1 and 2; minimum 33% reduction in
tests 3 and 4).19

Effect on offperiods
The number, duration, and severity (mild,
moderate, severe, immobile) of the off periods
were recorded by a member of staff eight
hours a day for two days during the screening
period, during the last two days of the dose
finding phase, daily during the cross over
phase, and at each visit in the maintenance
phase. The patients were asked to record on
a diary card the number and duration of
off periods, during all times awake, for three
days of the screening phase, daily during the
cross over phase, and for the first three days of
each two week period in the maintenance
phase.

Clinical global impression
At each of the four visits in the maintenance
phase the physician evaluated the patient's
global improvement compared with his condi-
tion at admission to the trial. A scale from 1
(very much improved) to 7 (very much worse)
was used.20

Effect on idiopathic Parkinson's disease symptoms
The effect on idiopathic Parkinson's disease
symptoms was evaluated with the unified
Parkinson's disease rating scale (UPDRS, ver-
sion 3 0, 1987) section I-IV, with the modifi-
cation that the evaluation of activities of daily
living (part II) was done for off periods only
and motor examination (part III) during an
on period only.2' Rating was done on the last
day of the screening phase and at the week 4
and week 8 visits in the maintenance phase.

SAFETY ASSESSMENTS
The effect of apomorphine on the daily
number, duration, and severity of involuntary
movements during on periods was evaluated
by a member of the staff, following the
same time schedule as for the off periods.
All other spontaneously reported adverse
events were recorded, and their duration,
severity, and relation to the study drug (prob-
able, possible, unlikely) were evaluated. At
each visit in the maintenance phase the
injection sites were inspected for signs of
local irritation.

Blood pressure and pulse supine (after
three minutes) and standing (after one
minute) were registered before study entry, 10
times during the study, and at study termina-
tion. Registration was done before and 15
minutes after apomorphine treatment.

Electrocardiography was carried out
before study entry and three times during
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the study (about 30 minutes after apomor-
phine).

Laboratory tests (haematology, biochem-
istry, and urinalysis) were done before study
entry, once during the study period, and at
the end of the study.

EVALUATION OF THE PEN
The suitability of the NovoLetg pen was eval-
uated through patient questionnaires at visits
on week 2 and week 8 of the maintenance
phase.

PHARMACOKINETICS
Plasma samples for assay of apomorphine
were obtained at three occasions: after the
first and the third dose of apomorphine in the
dose finding phase and after one dose after
two weeks in the maintenance phase. At each
occasion plasma was collected before the dose
and 5, 10, 15, 30, 45, 60, 75, and 90 minutes
after the dose. Plasma was assayed for apo-
morphine by solid phase extraction and high
performance liquid chromatography (HPLC)
with fluorescence detection. The limit of sen-
sitivity was 2 nmol/l, and the intra-assay preci-
sion ranged from 13.7% to 2.2% (SH
Ingwersen, unpublished results). The vari-
ables C.., tx.., t1,2, and area under the con-
centration-time curve (AUC) (from time 0 to
infinite time) were estimated by non-compart-
mental methods with the TopFit V. 2-0 analy-
sis program.22 When necessary, AUCs were
corrected for apomorphine concentrations
present from previous doses.

STATISTICAL METHODS
Statistical evaluations were performed on the
efficacy variables of the cross over phase.

Data on off periods and involuntary move-
ments were available from both subphases
(apomorphine and placebo) for 17 patients
from investigator assessments, and for 16
patients from diary card information.

Several patients could not complete all four
days on placebo during the cross over phase.
Therefore, to obtain comparable values, the
total duration of off periods and periods of
involuntary movements as well as the total
number of off periods and periods of invol-
untary movements were divided by the num-
ber of days the patient was on either
treatment. These end points were analysed by
analysis of variance (ANOVA), including
treatment, patient, period, and sequence of
treatments as factors. Carry over effects were
not considered, because apomorphine is
rapidly eliminated. The daily number of off
periods and periods of involuntary move-
ments were logarithmically transformed
before analysis to better conform with the
normality assumption.
The severity of off periods and of involun-

tary movements were analysed by the Mantel-
Haenszel test2' with patients as strata (a
within patient comparison). For these tests no
period effect was assumed.

Results are given as means (SD), unless
otherwise indicated. A significance level of
0-05 was used throughout.

ETHICAL CONSIDERATIONS
The study was conducted in accordance with
the Helsinki Declaration and the EEC guide-
lines for good clinical practice (1991) and was
approved by the health authorities and the
ethics committee systems in Sweden and
Denmark.

Results
Nineteen patients completed the apomor-
phine test, 17 patients completed the dose
finding and cross over phases, 16 patients
completed week 2 of the maintenance phase,
and 14 patients completed the whole study.
Eight patients dropped out due to hypoten-
sion (three patients), unsatisfactory effect
(two patients), exanthema, unclear off
periods, and lack of motivation (one patient
each).

All 17 patients who participated in the
cross over phase completed the four days with
apomorphine. In six out of 10 patients who
started with placebo and three out of seven
patients who received placebo after apomor-
phine, an obvious lack of drug effect during
the placebo period made us shorten the
placebo period to 24 to 72 hours for ethical
reasons.
The maximal dose of apomorphine during

the apomorphine test was on average 4-9
(range 1 6-6-4) mg. During the dose finding
phase the maximal dose was on average 3 9
(1-0-8-0) mg, whereas the optimal dose,
according to the definition given, was on aver-
age 3-4 (0 8-6-0) mg, which remained
unchanged during the cross over and mainte-
nance phases.

During the cross over phase the dose of
oral domperidone was 20 mg three times
daily, except for one patient whose dose
was reduced to 20 mg twice daily. A
gradual withdrawal of domperidone was
attempted during the maintenance phase,
and five out of 14 patients were doing well
without domperidone at the last study
visit, whereas the remaining patients still
needed 10-60 mg per day, primarily to avoid
nausea.
One patient needed minor changes in lev-

odopa dose during the cross over phase, and
during the maintenance phase six patients
needed minor changes in their levodopa or
bromocriptine dose.

EFFICACY
Dopaminergic response
The dopaminergic response could be evalu-
ated in 21 out of 22 patients who participated
in the apomorphine test. One patient dropped
out before any registration of dopaminergic
response due to hypotension.
Twenty out of 21 patients fulfilled the crite-

ria of satisfactory response in at least two out of
four variables. One patient had a significant
effect on one variable only (100% reduction
in tremor). As the patient had been treated
with apomorphine for two years with a good
response, the physician decided that she
should continue in the study.
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Table 1 Mean (SD) daily duration ofoffperiods (minlday) during the cross over phase

Staff Patients
(8 hlday) (all wake time)

Apomorphine 120 (91) 303 (151)
Placebo 287 (128) 616 (286)
Difference (95% CI) -167 (-231 to -103) -313 (-469 to -156)
P value <0 0001 <0-002

Table 2 Mean daily numbers of offperiods during the cross over phase

Staff Patients
(8 h/day) (all wake time)

Apomorphine 2-61 (0-6 to 11-2) 4 70 (1 1 to 20 4)
Placebo 1-95 (0 4 to 9 4) 4-26 (1 1 to 16-1)

Difference (95% CI) 34 (5 to 70) 10 (-11 to 37)
P value <0-02 NS

Values are geometric mean (95% CI).

Table 3 Distribution ofseverity of offperiods during the cross-over phase (total number of
offperiods (% of total))

Mild Moderate Severe Immobile Total

Apomorphine 68 (33) 91 (45) 40 (20) 4 (2) 203 (100)
Placebo 13 (12) 49 (46) 39 (36) 6 (6) 107 (100)

Values are total number of off periods (%).
P < 0.00001.

Table 4 Offperiods registered by staff eight hours per day

Nolday Severity Total duration
(scale 04) (minlday)

Study phase No Mean (range) No Mean (range) Mean (range)

Screening 19 2-1 (0-0-4 0) 18 2-2 (1-4) 206 (10-510)
Cross over 1 apomorphine 7 3-1 (0 8-5 0) 7 1-9 (1-4) 113 (30-173)
Cross over 2 placebo 7 2-0 (0 2-3 0) 7 2-3 (1-4) 203 (30-333)
Cross over 1 placebo 10 2-7 (0-8-5 7) 10 2-4 (1-4) 346 (128-480)
Cross over 2 apomorphine 10 3 1 (0 5-5 0) 10 1 9 (1-4) 126 (19-416)
Maintenance week 8 14 2-9 (0-0-5-0) 13 1-8 (1-3) 99 (25-310)

Population average and range of mean daily number and duration of off periods. Population
average and range of severity of the off periods. Screening and cross over phases and end of the
maintenance phase. All participating patients are included in the number of off period data,
whereas only patients who experienced off periods are included in the severity and duration data.
Cross over 1 and 2 = first or second period in cross over phase.

Table 5 Offperiods registered by patients in diaries (all time awake)

No Number of offperiods/day Total duration (minlday)

Screening phase 18 4-4 (1-7-7-7) 444 (40-810)
Cross over 1 apomorphine 6 5-7 (1 0-9 8) 336 (128-581)
Cross over 2 placebo 6 5-5 (0-8-13 5) 509 (165-1188)
Cross over 1 placebo 10 4-7 (2-2-8 0) 681 (315-1005)
Cross over 2 apomorphine 10 5-5 (1 0-9 8) 284 (60-608)
Maintenance week 8 14 5-8 (1 0-12 7) 253 (30-485)

Population average and range of mean daily number and duration of off periods. Screening and
cross over phases and end of the maintenance phase. Cross over 1 and 2 = first or second period
in cross over phase.

Table 6 Unified Parkinson's disease rating scale

Screening Maintenance week 4 Maintenance week 8
Parts Item No (n = 19) (n = 14) (n = 14)

I 1-4 1-2 (00-3-0) 0-7 (00-2 0) 0-8 (0-03-0)
II (off) 5-17 18-3 (7-0-27 0) 15-1 (50-24-0) 13-2 (50-22-0)
III (on) 18-31 9-8 (1-5-22-2) 6-9 (0-5-14-4) 6-7 (10-14-4)
IV 32-42 9-5 (50-14-0) 7-9 (40-13-0) 7-7 (30-11-0)

Values are mean score (range).
Part I = mentation, behaviour, and mood; part II = activities of daily living (during off periods);
part III = motor examination (examined in on period); part IV = complications of treatment.

Effect on offperiods
Apomorphine caused a highly significant
reduction (58%) in the mean daily duration of
off periods, as assessed by the staff, when apo-
morphine was compared with placebo.
Similarly, apomorphine caused a reduction of
51% in the mean daily duration of off periods,
as assessed by the patients (table 1).
The mean daily numbers of off periods, as

assessed by the staff, showed a significant
increase of 34% during apomorphine treat-
ment, whereas there was no significant
change according to the patients' assessments
(table 2).

Table 3 shows the distribution of severity of
the off periods, which was assessed by the
staff. The Mantel-Haenszel analysis showed a
highly significant treatment effect in favour of
apomorphine on the severity of off periods.

Tables 4 and 5 show the population aver-
age and range of the mean daily number of off
periods (for all participating patients) and
their severity and mean daily duration (for
those who had off periods) registered by the
staff and by the patients. Compared with the
screening phase, the off variables for the
maintenance phase showed changes in the
same direction as they did with apomorphine
v placebo during the cross over phase.

Clinical global impressions
In 12 of 14 patients who completed the main-
tenance phase much or very much improve-
ment was reported at the last visit; two
patients reported only minimal improvement.
No patients were reported to have a worsen-
ing of their condition during the maintenance
phase.

Effect on idiopathic Parkinson's disease symptoms
Parts I, II, and IV of the UPDRS showed only
minimal changes in score (table 6). In part III
(motor examination during an on period)
there seemed to be a slight reduction in total
score (table 6), but for the primary parkinson-
ian symptoms (tremor, rigidity, and bradyki-
nesia) only a slight reduction in bradykinesia
score was seen (mean 4 9 (range 1 0-13 0)
during the screening phase v 3-5 (0 5-7.0) at
week 4 of the maintenance period and 3-3
(0O0-7 0) at week 8).

SAFETY
There was a 67% (P < 0-02) increase in the
mean (SD) daily duration of involuntary
movements with apomorphine (164 (132)
min/day), compared with placebo (98 (102)
min/day). The mean daily numbers of periods
of involuntary movements (geometric mean
values) were 2 19 with apomorphine and 1 62
with placebo, corresponding to an increase
with apomorphine of 35% (P < 0 05). No sig-
nificant effect on the severity of the involun-
tary movements was seen.

Apart from involuntary movements, the
most frequent adverse event was nausea with
or without vomiting, which occurred in 16 out
of 22 patients.
Among the 16 patients who participated in

the eight week maintenance phase, 10 patients

684
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.58.6.681 on 1 June 1995. D
ow

nloaded from
 

http://jnnp.bmj.com/


Pen injected apomorphine against offphenomena in late Parkinson's disease: a double blind, placebo controlled study

1 3 n

Dose No
Mean values with SD of C/,,,Idose (A), t.... (B), t,,2 (C),
first and the third dose of apomorphine in the dose finding
maintenance phase (n = 12, 13).

toms were mild or moderate, except for a few
cases of dizziness, which were characterised as
severe.
Some values for haematology, biochem-

istry, and urinalysis were unsystematically out
of the normal range. None of these changes
were clinically relevant. No electrocardio-
graphic changes were seen.

[ (( SSUIABIIT OF THE PEN

K0- According to the questionnaire 11 of 14patients found their feeling of freedom
increased after they had started apomorphine
injections.

o 1 After eight weeks' use 13 of 14 patients1 3 n were able to inject themselves and 11 of 13
Dose No patients found it very easy, easy, or rather easy

oo - to handle the pen. Most of the patients (11 of
D 14) were not afraid of performing the injec-

- tions and only one patient found the injec-
- tions painful.

PHARMACOKINETICS
Sixteen patients participated in the pharmaco-
kInetic evaluation. For these patients values of
Cma/dose ranged from 7 to 32 nmol/l/mg with

0 _ values of tm. ranging from five to 45 minutes.
Values of the apparent elimination half life
(t12) ranged from 14-6 to 68-4 minutes, and
values of the dose normalised AUC
(AUC/dose) ranged from 401 to 1407 min

0 I x nmolIl/mg. In a few cases pharmacokinetic1 3 n variables could not be calculated at all three
Dose No occasions and, to avoid any bias, data from

and AUCldose (D) after the these patients were omitted from calculation
phase and after one dose in the of the mean values. As shown in the figure

these values were fairly constant at the three
occasions of blood sampling. This impression

experienced mild (five patients) or moderate
(five patients) local irritation at the injection
sites. Both haematomas and subcutaneous
nodules were seen. Most patients, however,
did not find the injections painful. No
eosinophilia (as an indicator for local irrita-
tion) was seen.
When compared with pretreatment values

substantial changes in systolic (> ± 30 mm
Hg) and diastolic () ± 15 mm Hg) blood
pressure and in heart rate ( > ± 15 beats/min)
were reported in a few patients only. Increases
as well as decreases were seen. Substantial
changes in blood pressure when rising from a
supine to a standing position were also seen in
a few patients only, and both increases and
decreases were noted. In two of the three
patients who dropped out because of unac-
ceptable symptoms of hypotension, blood
pressure and heart rate were not measured at
the scheduled time because the staff were
occupied in relieving the clinical symptoms.
In the third patient the supine blood pressure
was reduced from 125/80 mm Hg before apo-
morphine injection to 110/70 mm Hg after
injection, and the standing blood pressure was
reduced from 110/85 to 90/65, resulting in
postural dizziness.

Other adverse events reported in more than
one patient included dyskinesia and chorea,
sweating and warmth, dizziness, headache,
drowsiness, yawning, and rhinitis. The symp-

was confirmed by the statistical analysis
(repeated measures ANOVA), which did not
show any significant changes.

Discussion
Apomorphine in this study proved to have a
definite effect on off phenomena in idiopathic
Parkinson's disease, reducing both severity
and duration of the off periods. Our patients
had classic parkinsonian symptoms (tremor,
rigidity, and bradykinesia) as well as other
kinds of off phenomena (dysphoria and
painful dystonia), and these were equally suc-
cessfully treated with apomorphine. The 58%
reduction in mean daily duration of off peri-
ods (staff evaluation) is in accordance with
previous results.92425 We think that the treat-
ment effect on this variable was of major
importance for the patients' increased feeling
of freedom. The percentage reduction in daily
off time according to the patients' diaries was
slightly lower than that assessed by the staff.
This may be due to subjective "off" symp-
toms, which occurred before apomorphine
was given and which could not be evaluated
by the staff. The finding that the mean daily
duration of off periods after eight weeks of
maintenance treatment was profoundly
reduced compared with the findings during
the screening phase suggests a good effect of
apomorphine, also in long term treatment.
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The finding that the daily number of off
periods increased during apomorphine treat-
ment can be explained by the fact that the
treatment effect was of short duration (0 5-
2-5 hours), so that intermittent treatment with
apomorphine may have caused a "fragmenta-
tion" of otherwise longer off periods.
The fact that most patients who completed

the maintenance phase reported much or very
much improvement, whereas their off phe-
nomena had not been entirely cured, may
reflect a positive impact on the patient's total
situation by even a minor reduction in
severely disabling off periods.

Although not statistically analysed, the
effect of apomorphine on the variables of
UPDRS seemed to be modest. This is proba-
bly because apomorphine causes quantitative
changes in off phenomena, but does not
change the quality of the symptoms to any
large extent, as evaluated by UPDRS.

In the apomorphine test, placebo caused a
positive response on one or more variables in
several patients. When comparing the number
and severity of off periods, however, during
the cross over phase with the data from the
screening phase there was no placebo
response (tables 4 and 5), probably because
the treatment was no longer entirely new to
the patients.

Because dose titration until an optimal
effect or occurrence of side effects was
encouraged, the maximal doses given in the
dose finding period were slightly higher than
the optimal doses. The mean optimal dose of
3-4 mg is higher than that found by Frankel et
al (2.2 mg).9
The pharmacokinetic evaluation comprised

two doses in the dose finding phase and one
dose in the maintenance phase. This design
was used to analyse for dose linearity of con-
centrations and for altered pharmacokinetics
with time in a multiple dose regimen. The
dose normalised values of CmGa and AUC as
well as tm.a and t,,2 did not change significantly
at the three occasions. Thus there was no evi-
dence of deviation from dose linearity or for
altered pharmacokinetics. In a pharmacoki-
netic study of apomorphine in patients with
idiopathic Parkinson's disease, Gancher et al
found lower values of tmax (mean 9x2 min) and
higher values of Cmax/dose (mean 31-5
nmol/l/mg) than those of the present study.26
The reason for these differences is not clear,
but one possible explanation is the use of dif-
ferent drug formulations influencing the rates
of absorption. Gancher et aP6 used solutions
of 1-2 mg/ml apomorphine in water whereas
we used a preserved formulation containing
10 mg/ml apomorphine. Other variables esti-
mated by Gancher et al (t,12, AUC) were in
accordance with our results.
The more intensive stimulation of

dopamine receptors after addition of apomor-
phine is probably the reason for the increase
in the mean daily duration of involuntary
movement periods. In the present study the
doses of concomitant antiparkinsonian drugs
were kept rather constant to obtain a reliable
evaluation of apomorphine effects, but previ-

ous authors have reported the successful
reduction in levodopa doses when apomor-
phine was added.24 Whether the combination
of levodopa and apomorphine may cause a
reduction in the severity of adverse treatment
effects remains controversial.9 13

Apart from involuntary movements, nausea
with or without vomiting was the most fre-
quent adverse event and in several patients
this necessitated continuous domperidone
treatment. We think that the maintenance
dose of domperidone should be kept at a min-
imum, considering that domperidone has an
antidopaminergic effect, although this is
mainly peripheral. On the other hand, the
three cases of orthostatic hypotension occur-
ring early after initiation of apomorphine
treatment might have been prevented, had the
initial domperidone treatment been of longer
duration.
The subcutaneous treatment with apomor-

phine caused development of nodules in most
patients. In none of the cases did the nodules
cause major problems, but injection into
affected skin areas should probably be
avoided, as absorption may be unpredictable.

In the present study there were no clear dif-
ferences in demographic data, on the basis of
which we are able to propose criteria for the
selection of patients likely to benefit from apo-
morphine. Neither did we see any factors that
were obviously predictive for the occurrence
of hypotension, the side effect that most often
led to the withdrawal of apomorphine.
Patients with hypotension as a symptom of
their idiopathic Parkinson's disease were not
included in this study, but it is likely that such
patients are more susceptible to the hypoten-
sive effect of apomorphine. The initial apo-
morphine test was of some help in predicting
possible side effects, as two of the three
patients who experienced significant hypoten-
sion did so during the test. The apomorphine
test, as performed in this study, did not pro-
vide any crucial information on the long term
therapeutic effect of apomorphine, as all
patients showed a positive response to the
test, whereas two patients left the study later
on due to an unsatisfactory effect. This can
partly be explained by an initial placebo
effect, as discussed earlier.

Several patients learned to handle the pen
on their own, but it remains a problem that
many patients who have severe idiopathic
Parkinson's disease are not able to inject
themselves during off periods and therefore
remain dependent on others. As an alternative
to subcutaneous injections, the continuous or
intermittent subcutaneous infusion of apo-
morphine by means of a portable pump has
been investigated in several studies.69 A good
clinical effect is often obtained, but the almost
invariable formation of troublesome subcuta-
neous nodules is a disadvantage. Intranasal
administration causes local irritation to the
mucosa,2728 and with sublingual2930 and rec-
tal3l administration the absorption rate in
many patients is too slow. The development
of new methods of administration is therefore
still needed.
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More than 50% of our patients, however,
all belonging to a difficult to treat population,
completed the study and experienced benefit
from the treatment, and we conclude that
subcutaneous injections of apomorphine by
means of a pen are valuable in advanced
Parkinson's disease.

This study was performed with considerable practical help
from Ms T Vejlgaard, Ms A Gerding, Ms C Jonsson, Ms M
H0jberg, and Ms P Rasmussen. We also thank Ms M Hansen
who performed the assay ofplasma for apomorphine, and Mr D
Edwards, Novo Nordisk A/S, and Mr J Willumsen, who pro-
vided great help in the statistical evaluation of the results.
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