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Abstract: Background: Impulsive compulsive behaviors (ICBs) can have a deleterious impact on the lives of
patients with PD with orally active dopamine agonist treatment recognized as the greatest risk factor.
However, the relationship between subcutaneous administration of the dopamine agonist, apomorphine, and
impulsive compulsive behaviors is unknown.
Methods: We conducted a retrospective analysis of 28 advanced PD patients treated with subcutaneous
waking day apomorphine ambulatory minipumps at the National Hospital for Neurology and Neurosurgery
(London, UK).
Results: Twelve of the patients had experienced impulsive compulsive behaviors before starting
apomorphine. Reduction of oral dopamine agonist dose before apomorphine had led to complete resolution
in 6 cases with no recurrence on long-term apomorphine maintenance therapy. Six patients still had active
impulsive compulsive behaviors when apomorphine was started. Four of these improved, and in the other 2
there was no worsening. Of the 16 patients with no previous history of impulsive compulsive behaviors who
started apomorphine, only 1, who was still receiving concurrent levodopa, developed impulsive compulsive
behaviors.
Conclusions: These data provide preliminary evidence that continuous apomorphine pump therapy has a
lower proclivity to trigger or exacerbate impulsive compulsive behaviors than oral dopamine agonists. This is
likely to be attributed to a more tonic stimulation of striatal dopamine receptors leading to desensitisation,
but could also be attributed to a different pharmacological profile of apomorphine compared with orally
active dopamine agonists. Apomorphine can be considered as a treatment option in patients who have
developed disabling impulsive compulsive behaviors on oral agonist therapy whose motor handicap cannot
be controlled adequately on L-dopa alone. Further prospective studies are needed to provide a definitive
answer to this question.
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Introduction
Impulsive compulsive behaviors (ICBs), such as pathological

gambling, compulsive sexual behavior, binge eating, and com-

pulsive shopping, can have devastating consequences on the

lives of patients with Parkinson’s disease (PD) and their families.

Initially, it was reported that ICBs occur in around 14% of all

treated patients, and approximately one quarter of them had

more than one abnormal behavior.1 However, more-recent

studies have shown that ICBs may be more common and affect

up to 39% of all PD patients using an oral or transdermal dopa-

mine agonist (DA).2

Risk factors for developing ICBs include younger age at dis-

ease onset, pre-existing novelty-seeking personality traits, male

sex, a personal or family history of addictive behaviors, and a

past or family history of depression. However, the greatest risk

factor for triggering these addictive behaviors is DA therapy.1,3

Immediate release orally active agonists appear to carry increased

risk for ICBs when compared to transdermal or prolonged

release oral agonists.2,4

The association of ICBs with oral dopamine D2/D3 agonists is

well documented, but the potential of apomorphine to induce

them is unclear, with conflicting results reported. One study

showed that in 5 of 7 patients, pre-existing ICBs improved after

apomorphine pump therapy (5 partially and 2 completely). How-

ever, there was onset of de novo ICBs in 6 other cases (excessive

eating, compulsive shopping and Internet use, and hypersexuality)

using apomorphine pump therapy. Only 2 patients with new-

onset ICBs were using a DA, in both cases rotigotine.5 Other

studies, of 15 and 30 individuals, respectively, reported no ICBs

or improvement of ICBs after treatment with apomorphine.6,7

More than 500 patients have been treated with apomorphine

pumps at the University College London Hospitals over the last

15 years, and it has been our clinical experience that the

emergence of ICBs during long-term apomorphine therapy in

these patients is rare, especially in those who have managed to

withdraw all their oral agonist and levodopa therapy (A.J.L.,

personal experience).

In this study, we have performed a detailed review of clinical

notes to assess whether apomorphine can trigger or improve

ICBs in PD.

Patients and Methods
We conducted a retrospective audit of PD patients treated with

apomorphine pumps at the National Hospital for Neurology

and Neurosurgery (London, UK). We included only patients

who were registered using the apomorphine pump in the years

of 2013 and 2014 to ensure complete data acquisition and,

importantly, covering a period when all patients would have

been questioned carefully about ICBs.

All files were reviewed by a movement disorders specialist

(P.B.) and screened for ICBs and other neuropsychiatric disor-

ders, including depression, anxiety, psychosis, and cognitive

impairment. Clinical indications for apomorphine, the daily

dosage, side effects, pre-existing ICBs, and therapies were noted

as well as the therapeutic outcome. Data were analyzed using

the software, SPSS (version 22; SPSS, Inc., Chicago, IL).

Results
A total of 28 (18 males) patients were included in this study.

Demographic characteristics of the patients are summarized in

Table 1. All patients started apomorphine because of refractory

motor fluctuations with significant OFF periods for at least

2 hours per day. Five patients (17.9%) discontinued the pump

for the following reasons: technical problems with the pump (3

patients); hypersomnolence (1 patient); and deteriorating

TABLE 1 Demographic characteristics and side effects

N Range or % SD

No. of patients 28
Male/female 18/10
Mean age at PD onset (years) 51.03 35–76 �8.85
Mean disease duration (years) 18.64 8–35 �6.28
Mean disease duration when starting apomorphine (years) 15.21 6–28 �5.41
Mean duration of apomorphine treatment (months) 43.32 2–120 �34.65
Mean hours per day on apomorphine 13.94 12–24 �3.05
Mean maximum apomorphine dosage (mg) 56.34 24–96 �23.46
Patients who stopped apomorphine (n) 5 17.85%
Patient experiencing side effects 25 89.3%
Skin nodules 13 46.4%
Hypersomnolence 10 35.7%
Cognitive impairment 8 28.5%
Visual hallucinations 6 21.4%
Dizziness 5 17.8%
Postural hypotension 5 17.8%
Bruising injection site 4 14.3%
Nausea 2 7.1%
Excessive sweating 2 7.1%
Dry mouth 1 3.6%
Itching injection site 1 3.6%

N = total number.
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cognition (1 patient). The data of the 5 patients who discontin-

ued apomorphine were included in the analysis.

Patients were divided into two groups based on the presence

or absence of ICBs before the start of apomorphine and were

followed up for a mean period of 43 months. ICBs were diag-

nosed by a movement disorder specialist. Follow-up visits were

conducted in the same clinical setting. Twelve patients had

experienced ICBs before apomorphine use, with more men

affected than women. Eight patients had more than one ICB.

Furthermore, patients with ICBs (PD+ICB) had a younger

onset of PD compared to those without ICBs (PD�ICB). Both

groups had similar disease duration and duration of apomor-

phine treatment. There was no significant difference in apomor-

phine dosage between the two groups (57.40 mg in PD�ICB

and 55.55 mg in PD+ICB patients; P = 0.84), as well as side

effects. Four PD�ICB patients and 1 PD+ICB patient needed

to stop apomorphine prematurely (P = 0.25; Table 2).

In total, 19 of the 28 patients (67.8%) were treated with a

DA before apomorphine. Five PD–ICB patients were still using

a DA after initiation of apomorphine pump treatment. Six of

12 PD+ICB patients experienced complete resolution of their

ICBs and/or addictive behaviors after reduction (n = 2) or

withdrawal (n = 4) of the DA (see Fig. 1), meaning that 2

patients in the PD+ICB group were still using a DA after apo-

morphine was introduced, albeit in a smaller dose. There was

no recurrence of ICBs in this group of individuals. The remain-

ing 6 patients had active ICBs at the time apomorphine was

started. After initiation of apomorphine pump treatment, 1

patient with compulsive sexual disorder improved completely, 3

patients showed complete resolution of dopamine dysregulation

syndrome (DDS) and partial improvement of impulsivity

(1 with DDS and compulsive sexual disorder, 1 with pathologi-

cal gambling, and 1 with DDS, compulsive sexual disorder, and

pathological gambling) and 2 experienced no change in their

symptoms (1 with hoarding and 1 with DDS, compulsive sexual

disorder, and punding). Details on the ICBs are described in

Table 3 and Figure 1.

One patient who had no previous history of ICBs and no pre-

vious exposure to a DA developed new-onset compulsive eating

approximately 15 months after starting treatment with apomor-

phine pump (see Table 3 and Fig. 1 for details on the ICBs).

Levodopa equivalent daily dose (LEDD) was calculated as

previously described.8 Considering all participants (n = 28),

total LEDD was lower before apomorphine (before, 1,241.53;

after, 1,414.71; P = 0.062; Wilcoxon matched pairs test). We

also calculated oral/transdermal dopamine agonists LEDD

(DA-LEDD) for the total cohort, which was significantly

lower after apormorphine (159.2; 45.14; P = 0.01). We did a

similar analysis in the group of patients with ICBs before

apomorphine (n = 12). Although there was no difference in

total LEDD before (1,407.19; standard deviation [SD]:

473.17) and after (1,450.12; SD, 304.90) apomorphine treat-

ment (P = 0.75), there was a statistically significant difference

in DA-LEDD before (188.98; SD, 170.19) and after (10.83;

SD, 25.39) apomorphine (Wilcoxon matched pairs test;

P = 0.008).

The majority of the patients (85%) had L-dopa-induced dysk-

inesias. A total of 25 patients (89.3%), experienced side effects

from apomorphine, with 16 of them (57.14%) experiencing

two or more side effects (Table 1). The most commons side

effects were skin nodules, which occurred in 46.4% of the

patients, and hypersomnolence in 35.7%.

Discussion
This study suggests that apomorphine pump therapy has a lower

risk of generating ICBs than oral DA treatment. All 12 patients

who had ICBs before apomorphine had been treated with an

oral DA and 6 of them showed complete remission of their

abnormal behavior after reducing or stopping the DA. ICBs did

not reoccur on the apomorphine pump treatment in any of

these patients.

Six patients still had ongoing ICBs, despite reduction of DA,

at the time of starting the apomorphine pump. In 1 of these,

damaging impulsivity disappeared, 3 more had considerable

improvement so that it no longer represented a problem for the

patient and to the family, and 2 did not experience any change

in severity of their ICBs. None of these patients were still using

a DA after apomorphine was started. Oral DA may induce

long-term pharmacodynamic changes,9 which may explain per-

sistence of some of the pathological behaviors observed after

discontinuation of treatment.

TABLE 2 Comparison between PD patients with and without ICBs

PD Patients With ICBs PD Patients Without ICBs P Value

N SD N SD

No. of patients 12 42.85% 16 57.15%
Male/female 11/1 7/9 0.009

a

Mean age at PD onset (years) 46.58 35–57 �8.09 54.37 43–76 �8.09 0.018
b

Mean disease duration (years) 19.08 8–35 �7.84 18.31 8–28 �5.06 0.75
b

Mean disease duration when starting apomorphine (years) 16.16 7–28 �6.82 14.5 6–20 �4.17 0.43
b

Mean duration of apomorphine treatment (months) 39.41 3–120 �32.57 46.25 2–120 �36.91 0.61
b

Mean maximum apomorphine dosage (mg) 57.40 30–91 �19.89 55.55 24–96 �26.45 0.84
b

Patients experiencing side effects (n) 10 83.3% 15 93.75% 0.37
a

Patients who stopped apomorphine (n) 1 8.3% 4 22.2% 0.25
a

N = total number.
aChi-square test.
bt test for independent samples.
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It seems probable that the reduction in DA dose was primar-

ily responsible for the improvement noted in the patients. The

fact that ICBs did not recur after apomorphine treatment initia-

tion suggests that the drug has a lower tendency to trigger ICBs

in PD, because previous studies have shown that attempts to

reinstute oral dopamine agonists, even at lower dosage, com-

monly lead to a recurrence of ICBs.10 There are a number of

potential reasons for this. There is evidence from imaging stud-

ies that large and rapid increases in extracellular dopamine may

be the encoding mechanisms through which dopamine attri-

butes salience to an event in normal conditions. Dopaminergic

drugs with fast brain uptake and clearance closely mimic this

natural process and tend to be more implicated in the experi-

ence of “high” and drug-induced reinforcement.11 A continu-

ous steady-state delivery of apomorphine to the dopamine

receptor would have the opposite effect and may explain its

low proclivity to induce addictive behaviors. In line with this, a

recent study has shown that continuous jejunal infusion of L-

dopa also improved DDS as well as ICBs.12 Further evidence to

support this notion comes from a 3-year observational study

showing that infusion therapies, apomorphine and intrajejunal

L-dopa, carry a reduced risk for the development of ICBs in

individuals with PD.13

Differences in affinity to dopaminergic receptors may also

contribute to the occurrence of ICBs. Apomorphine has a

receptor profile similar to dopamine with higher affinity for D1

and D2 receptors,14 in contrast to other DAs which have a

more marked affinity for D3 receptors. It has been suggested

that this dopamine D3 selectivity may be linked to the occur-

rence of ICBs.15,16

Apomorphine has also been claimed to possess sedative and

antipsychotic effects and its molecular structure includes a

Figure 1 Outcome of patients with ICBs. Six patients improved before apomorphine and 6 had active ICBs. After apomorphine, 3
patients had partial improvement (1 with compulsive sexual disorder, DDS, and compulsive shopping, 1 with pathological gambling, and
1 DDS, compulsive sexual disorder, and pathological gambling), 1 patient with compulsive sexual disorder improved completely, 2
patients remained unchanged (1 with hoarding and 1 with DDS, compulsive sexual disorder, and punding), and 1 patient developed de
novo compulsive eating. *One patient was also using the pen formulation. **Two patients were also using pen formulation. ***ICBs
resolved after reduction or withdrawal of DAs. CS, compulsive shopping; HS, hypersexuality; PG, pathological gambling; Ho, hoarding;
Pu, punding; CE, compulsive eating; RG, reckless generosity.
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piperidine moiety similar to that of the major tranquilizer,

thioridazine.17 Historically, repeated hourly injections of apo-

morphine for 5 days have been used as a treatment for alcohol

and other forms of substance dependence.18–20 Neuropsychiatric

symptoms have been reported to improve in some PD patients

after the introduction of apomorphine pump therapy,21

although it is unclear whether this improvement can be a con-

sequence of the aforementioned neuroleptic effect.

It has been suggested that ICBs and punding may be the

ventral striatal equivalent to L-dopa-induced dyskinesias and that

both phenomena are attributed to dopaminergic sensitisation.22

Rodriguez-Oroz and collaborators identified a pattern of oscil-

latory activity in the STN in both conditions, albeit in a differ-

ent topography.23 The similarity between L-dopa-induced

dyskinesias and ICBs, coupled with the evidence that apomor-

phine infusion has been shown to be effective in reducing PD

dyskinesias,24 may explain why none of our patients with pre-

existent ICBs relapsed.

In our study, the mean apomorphine pump dosage was

56.3 mg per day, which is lower than the 69.8 mg reported by

Tyne and collaborators and the 98 mg per day reported in an

earlier era from our own center by Manson and colleagues.25,26

The pump treatment was delivered for an average period of

13.94 hours, which is similar to the data from Tyne and collabo-

rators, but significantly less than the 16.5 hours found by Manson

and colleagues.25,26 It is possible that higher doses and longer

duration of apomorphine may be an independent risk factor for

ICBs27; therefore, the lower doses used in this cohort might be

another factor contributing to reduced occurrence of ICBs.

Although apomorphine appears to be safer than other DA,

previous studies have shown that de novo cases of ICBs can

occasionally occur in patients using apomorphine pump ther-

apy.16,28,29 One of our patients who had no previous history of

addictive behaviors developed compulsive eating 15 months

after treatment with apomorphine pump. This behavior was

mild and did not lead to a premature cessation of therapy.

The limitations of this study are that it is descriptive and retro-

spective and has been carried out on a relatively small number of

patients, the variable follow-up period after initiation of apomor-

phine treatment, and the relative high rate of discontinuation of

the pump. In addition, it is believed that DDS and other types of

ICBs may have different pathophysiological origins. By grouping

these behavioral abnormalities together, we further limit the gen-

eralizability of our results to a wider PD population.

Considering that PD patients with ICBs have a lower insight

and therefore a tendency to under-report their symptoms,30 it is

possible that ICBs, despite being present in 46% of the cases,

were still under-reported. So far, only retrospective and open-

label studies have addressed the issue of apomorphine and

ICBs,5–7,16,29 and the data linking DA are largely based on

descriptive and epidemiological grounds.

Based on the full case notes in our patients and the research

interest in dopamine dysregulation going back to 2000, apo-

morphine pump seems to have lower tendency to worsen or

trigger ICBs. Continuous infusion of apomorphine therefore

appears to be a valid treatment option for patients with ICBs

and DDS when other treatment options have failed. Further

prospective studies are needed to provide a definitive answer to

this question.
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TABLE 3 ICBs outcome
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4 Compulsive sexual disorder, compulsive
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