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Abstract

Introduction: Continuous apomorphine infusion (CAI) is an advanced therapy in 
fluctuating Parkinson’s disease (PD). The use of CAI is controversial in PD patients with 
cognitive dysfunction including visual hallucinations (VHs), and orthostatic hypotension 
(OH). This study was set-up to analyze the effectiveness and safety of CAI in elderly PD 
patients with cognitive dysfunction.

Methods: This new-user cohort study identified fluctuating PD patients who started CAI 
treatment at the rehabilitation unit of Parkinson Expertise Center (RU-PEC) Groningen, 
from November 2004 until 2016. Efficacy and safety data included motor function, 
cognitive status, OH and VHs, and was analyzed retrospectively. Pre-existent non-motor 
symptoms were treated optimally before starting CAI.

Results: Forty-five fluctuating PD patients (age: 70.9 ± 8.1 yrs, disease duration: 10.8 ± 4.8 
yrs) were identified, with pre-existing cognitive dysfunction, VHs (71%), and OH (26%). 
During the stay at RU-PEC (median 52 days) apomorphine was successfully titrated 
without worsening of pre-existing VHs and OH. The mean daily apomorphine dose was 
66 ± 28 mg, accompanied by a reduction of levodopa-equivalent daily dose (LEDD) with 
17%. The duration of ON-time and OFF-time significantly improved with +2.36 hrs (25%) 
and -1.66 hrs (-45%), respectively, while dyskinesia duration did not change. During long-
term follow-up (median of 26 months) VHs and OH worsened in 9 and 4 patients, which 
necessitated discontinuation in 4 cases.

Conclusion: This study demonstrates that CAI is also an effective treatment in advanced 
PD patients with concomitant cognitive dysfunction including VHs and OH, provided 
that these comorbidities are treated adequately as well. 
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Introduction

Apomorphine is the most potent dopamine agonist available in the treatment of 
Parkinson’s disease (PD). When given subcutaneously, apomorphine is rapidly absorbed 
and related to the lipophilic properties of apomorphine, it easily crosses the blood-
brain barrier, resulting in a rapid onset of effect (after 5 to 15 minutes) and a 100% bio- 
availability.1 Besides its potency and excellent pharmacokinetics, continuous 
apomorphine infusion (CAI) is easier to use and completely reversible, compared to 
infusion of levodopa carbidopa intestinal gel (LCIG) and deep brain stimulation (DBS). 
Yet, CAI is the most underutilized therapy in fluctuating PD.2,3 Lack of a randomized, 
placebo-controlled trial, until recently (i.e. TOLEDO trial; ClinicalTrials.gov identifier: 
NCT02006121), may have hampered its success, although numerous open-label trials 
have supported the efficacy of CAI on motor fluctuations and dyskinesia.4

To date, use of CAI is not recommended to fluctuating PD patients with cognitive 
dysfunction, because data so far have been based on non-demented PD patients  
only.5,6 Only mild cognitive dysfunction is not considered as an absolute  
contraindication.5,6 However, some retrospective studies suggested that apomorphine 
seems to be well-tolerated by patients with moderate to severe cognitive dysfunction 
and/or visual hallucinations (VHs), eventually combined with cholinesterase inhibitors 
and clozapine, if indicated.7-9 In addition, there is data showing apomorphine does not 
worsen cognition, depression or VHs, whereas even beneficial effects on VHs and mood 
have been reported.10-17

Therefore we decided to assess the efficacy and safety of CAI in a cohort of elderly PD 
patients with cognitive dysfunction, including patients with moderate to severe cognitive 
impairment, autonomic dysfunction and neuropsychiatric problems.

Methods

Study population

This study used a new-user cohort design. Eligible patients were identified from a chart 
review, including patients with diagnosis of PD according to the UK Brain Bank criteria, 
who started CAI treatment at the rehabilitation unit of Parkinson Expertise Center (RU-
PEC) Groningen, the Netherlands, from November 2004 until the end of 2016.18 CAI 
treatment was indicated in patients who showed motor fluctuations despite of optimized 
oral treatment and not wanting or not eligible for DBS. CAI was preferred over LCIG in 
this cohort, because of its easy initiation, minimal invasiveness, complete reversibility, 
moderate costs and the possible benefit on VH.17 
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Data was collected by RWKB using a predefined list of endpoints and analyzed retrospectively. 
Due to the retrospective nature of the study informed consent was not required. 

Procedure and study outcomes

All patients underwent a clinical assessment during the first week (baseline) which was 
repeated at the end of stay. Efficacy outcomes included assessment of daily OFF-time, 
ON-time without troublesome dyskinesia (ON-time without dyskinesia plus ON-time 
with non-troublesome dyskinesia) and ON-time with troublesome dyskinesia by means 
of a diary (Meerwaldt’s patient card). Patients’ motor state was recorded by trained nurses 
throughout the stay at RU-PEC during 16 hours per day. If data were missing, the duration 
of motor states were normalized to a 16-hour waking day and averaged over (maximal) 
7 consecutive days. If patients still had motor fluctuations despite of an optimized 
medication scheme, apomorphine was initiated (see below for titration scheme). 

Safety outcomes included changes in cognitive function, blood pressure, weight, and 
reported neuropsychiatric symptoms including mood and VHs. Cognitive function was 
screened from 2004-2012 by a combination of mini-mental state examination (MMSE) 
and frontal assessment battery (FAB). In 2012 the FAB changed into the cognition test 
of the scales for outcomes in PD (SCOPA-COG). A MMSE score <26, FAB score <12 or 
SCOPA-COG score ≤23 was indicative for a probable PD dementia.19-21 These patients 
were subsequently treated with cholinesterase inhibitors. Changes in the overall dose of 
cholinesterase inhibitors were evaluated by grouping oral and transdermal rivastigmine 
together with galantamine, using the following formula: 12 mg oral rivastigmine is equal 
to 9.5 mg rivastigmine patch and 24 mg galantamine.22

If patients reported VHs, dopamine agonists were reduced or withdrawn, eventually 
followed by the reduction of amantadine and MAO-B inhibitors, whereas clozapine 
was added to their medication scheme. Blood pressure was measured both supine 
and 3 minutes after standing, to assess presence of OH (defined as a fall of at least 20 
mmHg systolic blood pressure or 10 mmHg diastolic blood pressure in 3 minutes after 
standing up, or in case of supine hypertension a fall of at least 30 mmHg systolic blood 
pressure).23 Existing OH, before the initiation of apomorphine, was managed with non-
pharmacological measures first, such as adequate fluid and salt intake, compression 
stocking, and slow changes of position. Refractory OH was treated with the addition of 
domperidone, fludrocortisone, midodrine and droxidopa, subsequently. Body weight and 
length were measured in order to calculate the body mass index (BMI). Acknowledging 
body weight issues in advanced PD, a dietarian was consulted in all patients.24 

Titration of apomorphine and change in medication

Apomorphine (Apomorphine hydrochloride 5 mg/ml, Britannia Pharmaceuticals Limited, 
Surrey, UK) was utilized as an add-on therapy, starting infusion at 1 mg/hr. The infusion 
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rate of apomorphine was gradually increased by steps of 0.5-1 mg/hr until a maximal 
reduction in OFF-time and/or time with troublesome dyskinesia was reached. There 
was no predefined minimum infusion rate of apomorphine.If dyskinesia appeared or 
worsened by the addition of apomorphine, oral dopaminergic medication was tapered 
off. If dopamine agonists were well-tolerated, levodopa was tapered off first, while in 
patients with VHs, dopamine agonists were tapered off first. Reduction of dopaminergic 
medication was compared using the levodopa-equivalent daily dose (LEDD).25 

Statistical analysis

Clinical parameters are expressed as mean ± standard deviation or median (interquartile 
range (IQR)), as appropriate. Incidence of motor and non-motor symptoms are expressed 
as percentage. All variables were checked for normality using Shapiro-Wilks test. To 
assess the efficacy of CAI on motor states between baseline and end of stay an one-way 
analysis of variance was used. Changes in safety outcomes, including cognition, blood 
pressure and weight, were compared using Wilcoxon sign rank test. Treatment duration 
was visualized with a Kaplan-Meier curve. Level of significance was set at 5% with a 
Benjamini-Hochberg correction applied for multiple comparisons.26

Missing data in the safety outcomes were imputed using multiple imputation in order to 
maintain statistical power and avoid potential bias. Missing values were imputed using 
a logistic regression models with time, gender, age, length, disease duration, disease 
severity, case-control status, relevant motor and non-motor symptoms, and dose of 
cholinesterase inhibitors as covariates. Ten imputed datasets were generated and pooled 
for further analysis. In sensitivity analyses, the multiple imputation model was compared 
with analysis of complete data.

Prespecified subgroup analyses were performed for patients with previous VH, pre-
existing VH and without symptoms of VH. Hazard ratios were calculated using Cox 
regression analysis using a forward method for time to discontinuation of apomorphine 
including demographics, motor and non-motor symptoms, dyskinesia, LEDD reduction, 
apomorphine dose, and nursing home placement.

All statistical analyses were performed using SPSS 23.0 (SPSS, Chicago, USA).

Results

Baseline demographics and patients’ characteristics

Infusion of apomorphine was initiated in 45 advanced PD patients (Table 3.1 for detailed 
overview). Forty-two out of forty-five patients were not eligible for DBS due to age (>70; 
n = 29), cognitive impairment (n = 12) or severe neuropsychiatric symptoms (i.e. schizo-
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affective disorder with nihilistic delusions, n = 1). Initially, 3 patients did not want to 
be treated with DBS. However, 2 out of these 3 patients switched to DBS, both after 8 
months of CAI treatment. 

All 45 patients were not able to live independently at baseline, of which 7 patients were 
already living in a nursing home facility. After a median stay of 51 days (IQR 40-62) at RU-
PEC, 38 patients were discharged to home. The remaining 7 – already institutionalized 
– patients remained in a long-stay nursing home.

table 3. 1 | Demographics and baseline characteristics.

 
General characteristics

Male, n (%) 26 (58)

Female, n (%) 19 (42)

Age (years) 70.9 ± 8.1

Duration of stay (days), median (IQR) 52 (40-62)

Characteristics of PD

Duration of PD (years) 10.8 ± 4.8

Severity of PD (H&Y stage) 3.2 ± 1.1

Tremor dominant PD subtype, n (%) 18 (40)

Motor complications

Motor fluctuations, n (%) 45 (100)

Dyskinesia, n (%) 36 (80)

Motor and non-motor symptoms

History of visual hallucinations, n (%) 37 (84)

Active visual hallucinations, n (%) 32 (71)

PD dementia, n (%) 9 (20)

Orthostatic hypotension, n (%) 11 (26)

Depression, n (%) 11 (26)

Sleeping problems, n (%) 17 (38)

Dystonia, n (%) 14 (31)

Data are mean values ± standard deviation and [range] or otherwise specified; IQR = interquartile range; PD = 

Parkinson’s disease; H&Y = Hoehn and Yahr.
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Titration of apomorphine and dopaminergic medication change 

The mean waking day infusion rate of apomorphine was 4.1 ± 1.6 mg/hr with a mean 
duration of infusion of 15.7 ± 2.4 hrs per day. The total dose of apomorphine did not 
change between discharge (66 ± 28 mg/day) and last follow-up (67 ± 33 mg/day) after a 
median follow-up of 26 months (IQR 42). The addition of apomorphine made it possible 
to reduce the LEDD with 17% (from 1269 ± 470 to 1038 ± 440) and 32% at last follow-up 
(857 ± 400). Change in dopaminergic medication is specified in Supplementary file 1.

Efficacy of apomorphine on daily motor functioning

Treatment with CAI significantly improved duration of ON-time and OFF-time with 
a mean of 2.36 hrs/day [95% CI 0.80, 3.92] and -1.66 hrs/day [95% CI -3.23, -0.08], 
respectively (Figure 3.1). Dyskinesia duration was non-significantly reduced with -0.98 
hrs/day [95% CI -1.96, 0.00]. 

figure 3.1 | Effect of apomorphine on daily motor functioning.

Motor function was retrieved in 20 patients; *Significant (p < 0.05).
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Safety of apomorphine

The MMSE score was <26 in 18 of 39 patients (46%) at baseline, which was considered 
indicative for a probable PD dementia (PDD).19 Of the 21 patients with a normal MMSE 
score, 2 patients had a FAB score <12 and 5 patients a SCOPA-COG score ≤23, both also 
indicative for a PDD.20,21 Of the remaining 6 patients without assessment of MMSE, 1 of 
4 patients had a SCOPA-COG score ≤23, while cognitive baseline scores were missing in 
2 patients. The number of patients treated with cholinesterase inhibitors increased from 
15 at baseline to 25 at discharge, subsequently. Cognitive scores did not change during 
titration of apomorphine at RU-PEC (see Table 3.2). 

table 3. 2 | Safety outcomes of continuous apomorphine infusion at baseline and discharge.

 
n Baseline Discharge

CC MI CC MI CC MI 

Cognition

MMSE 24 45 22.7 ± 
5.0

24.0 ± 
6.0

25.5 ± 
3.6

25.6 ± 
5.8

FAB 20 45 11.8 ± 
5.4

11.8 ± 
6.0

12.7 ± 
3.3

12.2 ± 
4.1

SCOPA-COG 7 45 19.9 ± 
6.6

23.8 ± 
11.1

21.7 ± 
9.2

23.9 ± 
11.4

Weight

Body weight (kg) 31 45 70.3 ± 
15.9

70.6 ± 
14.9

70.3 ± 
15.3

70.9 ± 
15.1

BMI (kg/m2) 21 45 23.5 ± 
4.9

23.4 ± 
3.9

23.6 ± 
4.5

23.5 ± 
3.7

Blood pressure

Supine Systolic 
(mmHg)

19 45 146 ± 35 143 ± 30 138 ± 21 139 ± 28

Diastolic 
(mmHg)

19 45 79 ± 13 78 ± 15 75 ± 16 76 ± 14

Standing Systolic 
(mmHg)

19 45 128 ± 31 119 ± 28 117 ± 21 119 ± 27

Diastolic 
(mmHg)

19 45 76 ± 16 69 ± 15 68 ± 12 69 ± 15

CC: complete case analysis; MI: multiple imputation analysis; MMSE: Mini-mental state examination; FAB: 

Frontal assessment battery; SCOPA-COG: Scales for outcomes in Parkinson’s disease – cognition; BMI: Body 

mass index. No significant differences between baseline and discharge scores.
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At baseline, 32 patients (71%) reported VHs with an median duration of 10 months 
(IQR 2-30). None of the patients had an active PD psychosis. The use of clozapine in 
the group with VHs increased from 13 at baseline to 22 at the end of stay at RU-PEC. 
Three additional patients with a history of VHs were successfully treated with clozapine, 
suppressing symptoms of VH throughout the stay at RU-PEC. Additional characteristics 
and subgroup analyses of patients with VHs, a history of VHs and patient with no VHs are 
in Supplementary file 2. During the stay (titration of apomorphine) at RU-PEC, none of the 
patients developed new VHs or reported worsening of pre-existing VHs. After discharge 
from RU-PEC, symptoms of VHs worsened in 9 patients (20%) with pre-existent VHs, of 
which 1 patient (2%) was necessitated to stop apomorphine treatment after 13 months. 
In 5 of 9 patients (56%) the VHs resolved after treatment of an intercurrent infectious 
disease, mostly urinary tract infection. 

Eleven patients (23%) were known with symptomatic OH before the initiation of 
apomorphine. Initiation of apomorphine let to no new incidence of OH. Mean blood 
pressures remained stable during the stay at RU-PEC (Table 3.2). After long-term follow-
up, 4 patients showed worsening of pre-existing OH which necessitate 3 patients to stop 
apomorphine treatment.

At initiation of apomorphine, 1 patient was underweight (BMI <18.5), while 10 patients 
had a BMI above 25. Mean body weight and BMI remained stable during titration of 
apomorphine (Table 2). After prolonged apomorphine use, severe unintentional loss of 
body weight (>10% within a year) was reported in 9 patients (20%).

Side effects of apomorphine

Subcutaneous nodules were reported in 31 of 45 (69%) patients, despite of daily rotation 
of infusion site and strict hygiene. As first step, topical hydrocortisone (1%) and massage 
with a rubber spikey ball were administered to patients with apomorphine-induced 
nodules. Additional steps were required in 11 patients (i.e. dilution of apomorphine 
concentration to 2.5 mg/ml and 2 patients were pre-treated with hydrocortisone 10 
mg s.c.). The occurrence of subcutaneous nodules was significantly related to the daily 
apomorphine dose (Spearman’s rho = 0.305, p = 0.042). Nodules were no reason for 
discontinuation of apomorphine.

Other side-effects were hypersalivation (n = 9), nausea (n = 3), excessive daytime 
sleepiness (n = 3), peripheral edema (n = 2), tachycardia (n = 2) and hyperventilation  
(n = 1). 

Treatment discontinuation

At the end of 2016, 16 patients (36%) were still on CAI treatment. Seventeen patients 
deceased while on apomorphine treatment after being successfully treated for median 
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of 30 months (IQR 9-54). Known causes of death among these patients were cachexia 
(n = 2), myocardial infarction (n = 1), malignancy (n = 1), gastric hemorrhage (n = 1) and 
pneumonia (n = 1), which seem not to be related to the CAI treatment. Two patients were 
lost to follow-up; one patient was referred to another hospital after 8 months and one 
patient did not respond anymore after 8 years, without a report of death. Six patients 
withdrew apomorphine after a median period of 2 months (IQR 2-22), due to severe 
side-effects including uncontrollable OH (n = 3), exacerbation of refractory VHs (n = 
1), excessive daytime sleepiness (n = 1) and nausea (n = 1). Four patients discontinued 
apomorphine due to lessening of therapeutic effect after 9 months (IQR 7-21). The overall 
continuation on CAI treatment is shown in Supplementary File 3. After discontinuation of 
CAI 2 patients underwent DBS and 2 patients switched to LCIG. The remaining patients 
returned to oral medication. 

Cox regression hazard ratio analysis revealed one significant predictor of discontinuation 
and mortality. The risk of discontinuation and mortality was associated with placement 
in nursing home facility (Hazard ratio 2.91 [95% CI 1.25, 6.76], p = 0.013 and hazard ratio 
4.94 [95% CI 1.73, 14.12], p = 0.003, respectively).

Discussion

This study provides quantitative data on the efficacy and safety of CAI based on 12 year 
longitudinal experience. Strengths of this study include the large number of patients 
and the use of a new-user cohort design that involved a cohort of elderly patients 
with moderate to severe cognitive dysfunction including VHs, and OH, who were not 
able to continue living independently. Based on this study practice guidelines need 
to be reconsidered to endorse use of CAI in fluctuating PD patients with cognitive 
dysfunction. 

This study confirmed the beneficial effects of CAI on motor fluctuations, improving 
daily ON-time with 2.36 hours (25%) and reducing daily OFF-time with -1.66 hours 
(-45%). In line with other studies, no significant reduction of time with troublesome 
dyskinesia was observed.4 Improvement of dyskinesia duration is correlated with LEDD 
reduction, which was relatively small in this study.4 An overly conservative dosing 
regimen might explain the low LEDD reduction. However, a more likely explanation is a 
low baseline LEDD, due to intolerance to a higher LEDD, referred to as undertreatment. 
This is supported by the low mean duration of dyskinesia (2.04 hours) and absence of 
dyskinesia in 20% of the patients. 

Undertreatment is common in late-stage PD patients living in nursing homes.27,28 In 
late-stage PD patients the need to reduce dopaminergic medication is directly related 
to troublesome side-effects (e.g. VHs, OH and cognitive impairment – all major risk 
factors for nursing home placement).29 However, reducing medication will inevitably 
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lead to worsening of motor symptoms. At this critical moment, the burden for PD 
patients and their caregivers may become too great to continue their independent 
living. Admission to a nursing home is often inevitable in those cases.29 Especially this 
category of patients is represented by the cohort described above. Admission to our 
RU-PEC combined with CAI treatment made it possible that 38 patients could return to 
their homes again. Only 7 patients – already institutionalized – required definite long-
stay nursing home placement, whereas at admission none of the patients was able to 
live independently. Although not the aim of this study, this has a tremendous effect on 
quality of life and healthcare costs.

In contrast to oral and transdermal dopamine agonists, also used in advanced PD, 
apomorphine was very well tolerated with respect to the occurrence of VHs and OH 
during the stay at RU-PEC, if combined with proper identification and treatment of pre-
existing cognitive dysfunction, VHs and OH, according existing guidelines. In 9 patients 
pre-existing VH worsened at home. However, this worsening of VHs was provoked in 5 
cases (56%) by infectious diseases and resolved after treatment of the infection, which 
is a very well known cause of VHs in frail elderly patients. 

In this study severe unintentional body weight loss is frequently reported. Body weight 
maintenance can be challenging in PD, particularly in the advanced stages of the 
disease, due to dysphagia, dyskinesia, depression and gastro-intestinal dysfunction.24,30 
Loss of body weight is also associated with occurrence of VHs, dementia and late-stage 
PD.30 Therefore, the observed body weight loss seems to be related to progression of 
disease, instead of treatment with apomorphine. Furthermore, at the end stages of PD, 
a non-oral therapy is causing less distress to patients and caregivers due to dysphagia 
and gastro-intestinal dysfunction, perhaps explaining the high mortality rates. 

Despite the strengths of this study, there are several limitations due to its retrospective 
nature. Firstly, missing data might have biased safety outcomes. Sensitivity analyses 
were carried out to assess the effect of missing data. Complete cases analysis 
were compared with analysis after multiple imputation and found similar results, 
demonstrating the robustness of the data. Secondly, side-effects might have been 
underestimated. Although subcutaneous nodules were frequently reported, other 
side-effects were less prevalent, compared to previous long-term studies. Thirdly, the 
cognitive screening methodology changed over time, from FAB and MMSE scores 
towards SCOPA-COG assessment, which might have impacted the number of patients 
eligible for cholinesterase inhibitors. On the other hand both methods are validated 
with respect to PD cohorts.

In conclusion, this study provides proper data about the efficacy and safety of 
apomorphine in advanced PD patients with several co-morbidities, also on the long-
term. There above, in contrast with current recommendations, apomorphine seems to 
be a safe therapy in PD patients with cognitive dysfunction, VHs and/or OH, if these 
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co-morbidities are adequately treated. Therefore these co-morbidities should not be 
regarded as absolute contra-indication for initiation of apomorphine in this patient 
group. 



69

Apomorphine infusion in PD patients with cognitive dysfunction

3

References

1  Gancher S. Pharmacokinetics of apomorphine in Parkinson’s disease. J Neural Transm 

Suppl 1995;45:137-41. doi:10.1097/00002826-199402000-00005.

2  Poewe W, Wenning GK. Apomorphine: an underutilized therapy for Parkinson’s disease. 

Mov Disord 2000;15:789-94.

3  Henriksen T. Clinical insights into use of apomorphine in Parkinson’s disease: tools for 

clinicians. Neurodegener Dis Manag 2014;4:271-82. doi:10.2217/nmt.14.17. 

4  Grandas F. Subcutaneous infusions of apomorphine: a reappraisal of its therapeutic 

efficacy in advanced Parkinson’s disease. Expert Rev Neurother 2013;13:1343-53. doi:10.

1586/14737175.2013.839235.

5  Wenzel K, Homann CN, Fabbrini G, Colosimo C. The role of subcutaneous infusion of 

apomorphine in Parkinson’s disease. Expert Rev Neurother 2014;14:833-43. doi:10.1586/

14737175.2014.928202.

6  Trenkwalder C, Chaudhuri KR, García Ruiz PJ, LeWitt P, Katzenschlager R, Sixel-Döring 

F, et al. Expert consensus group report on the use of apomorphine in the treatment 

of Parkinson’s disease: clinical practice recommendations. Parkinsonism Relat Disord 

2015;21:1023-30. doi:10.1016/j.parkreldis.2015.06.012.

7  Borgemeester RWK, Drent M, van Laar T. Motor and non-motor outcomes of continuous 

apomorphine infusion in 125 Parkinson’s disease patients. Parkinsonism Relat Disord 

2016;23:17-22. doi:10.1016/j.parkreldis.2015.11.013.

8  García Ruiz PJ, Sesar Ignacio A, Ares Pensado B, Castro García A, Alonso Frech F, Alvarez 

López M, et al. Efficacy of long-term continuous subcutaneous apomorphine infusion in 

advanced Parkinson’s disease with motor fluctuations: a multicenter study. Mov Disord 

2008;23:1130-6. doi:10.1002/mds.22063.

9  Drapier S, Eusebio A, Degos B, Vérin M, Durif F, Azulay JP, et al. Quality of life in 

Parkinson’s disease improved by apomorphine pump: the OPTIPUMP cohort study. J 

Neurol 2016;263:1111-9. doi:10.1007/s00415-016-8106-3.

10  Morgante L, Basile G, Epifanio A, Spina E, Antonini A, Stocchi F, et al. Continuous 

apomorphine infusion (CAI) and neuropsychiatric disorders in patients with advanced 

Parkinson’s disease: a follow-up of two years. Arch Gerontol Geriatr Suppl 2004;9:291-6.

11  Drapier S, Gillioz AS, Leray E, Péron J, Rouaud T, Marchand A, et al. Apomorphine infusion 

in advanced Parkinson’s patients with subthalamic stimulation contraindications. 

Parkinsonism Relat Disord 2012;18:40-4. doi:10.1016/j.parkreldis.2011.08.010.

12  Alegret M, Valldeoriola F, Martí MJ, Pilleri M, Junqué C, Rumià J, et al. Comparative 

cognitive effects of bilateral subthalamic stimulation and subcutaneous continuous 

infusion of apomorphine in Parkinson’s disease. Mov Disord 2004;19:1463-9. 

doi:10.1002/mds.20237.

13  De Gaspari D, Siri C, Landi A, Cilia R, Bonetti A, Natuzzi F, et al. Clinical and 

neuropsychological follow up at 12 months in patients with complicated Parkinson’s 

disease treated with subcutaneous apomorphine infusion or deep brain stimulation of 

the subthalamic nucleus. J Neurol Neurosurg Psychiatry 2006;77:450-3. doi:10.1136/

jnnp.2005.078659.



70

Chapter 3

14  Antonini A, Isaias IU, Rodolfi G, Landi A, Natuzzi F, Siri C, et al. A 5-year prospective 

assessment of advanced Parkinson disease patients treated with subcutaneous 

apomorphine infusion or deep brain stimulation. J Neurol 2011;258:579-85. doi:10.1007/

s00415-010-5793-z.

15  Martinez-Martin P, Reddy P, Antonini A, Henriksen T, Katzenschlager R, Odin P, et al. 

Chronic subcutaneous infusion therapy with apomorphine in advanced Parkinson’s 

disease compared to conventional therapy: a real life study of non motor effect. J 

Parkinsons Dis 2011;1:197-203. doi:10.3233/JPD-2011-11037.

16  Martinez-Martin P, Reddy P, Katzenschlager R, Antonini A, Todorova A, Odin P, et al. 

EuroInf: a multicenter comparative observational study of apomorphine and levodopa 

infusion in Parkinson’s disease. Mov Disord 2015;30:510-6. doi:10.1002/mds.26067.

17  van Laar T, Postma AG, Drent M. Continuous subcutaneous infusion of apomorphine can 

be used safely in patients with Parkinson’s disease and pre-existing visual hallucinations 

Parkinsonism Relat Disord. 2010;16:71-2. doi:10.1016/j.parkreldis.2009.05.006.

18  Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical diagnosis of idiopathic 

Parkinson’s disease: a clinico-pathological study of 100 cases. J Neurol Neurosurg 

Psychiatry 1992;55:181-4. doi:10.1136/jnnp.55.3.181.

19  Dubois B, Burn D, Goetz C, Aarsland D, Brown RG, Broe GA, et al. Diagnostic procedures 

for Parkinson’s disease dementia: recommendations from the Movement Disorder 

Society Task Force. Mov Disord 2007;22:2314-24. doi:10.1002/mds.21844.

20  Kaszás B, Kovács N, Balás I, Kállai J, Aschermann Z, Kerekes Z, et al. Sensitivity and 

specificity of addenbrooke’s cognitive examination, mattis dementia rating scale, 

frontal assessment battery and mini mental state examination for diagnosing dementia 

in Parkinson’s disease. Parkinsonism Relat Disord 2012;18:553-6. doi:10.1016/j.

parkreldis.2012.02.010.

21  Verbaan D, Jeukens-Visser M, van Laar T, van Rooden SM, van Zwet EW, Marinus J, et al. 

SCOPA-cognition cutoff value for detection of Parkinson’s disease dementia. Mov Disord 

2011;26:1881-6. doi:10.1002/mds.23750.

22  Bhasin M, Rowan E, Edwards K, McKeith I. Cholinesterase inhibitors in dementia 

with Lewy bodies—a comparative analysis. Int J Geriatr Psychiatry 2007;22:890-5. 

doi:10.1002/gps.1759.

23  Freeman R, Wieling W, Axelrod FB, Benditt DG, Benarroch E. Consensus statement on 

the definition of orthostatic hypotension, neurally mediated syncope and the postural 

tachycardia syndrome. Clin Auton Res 2011;21:69-72. doi:10.1007/s10286-011-0119-5.

24.  van der Marck MA, Dicke HC, Uc EY, Kentin ZHA, Borm GF, Bloem BR, et al. Body mass 

index in Parkinson’s disease: a meta-analysis. Parkinsonism Relat Disord 2012;18:263-7. 

doi:10.1016/j.parkreldis.2011.10.016.

25  Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE. Systematic review of levodopa 

dose equivalency reporting in Parkinson’s disease. Mov Disord 2010;25:2649-53. 

doi:10.1002/mds.23429.

26  Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful 

approach to multiple testing. J R Stat Soc Ser B 1995;57:289-300.



71

Apomorphine infusion in PD patients with cognitive dysfunction

3

27 Weerkamp NJ, Zuidema SU, Tissingh G, Poels PJE, Munneke M, Koopmans RTCM, et al. 

Motor profile and drug treatment of nursing home residents with Parkinson’s fisease. J 

Am Geriatr Soc 2012;60:2277-82. doi:10.1111/jgs.12027.

28  Hand A, Gray WK, Oates LL, Woolford M, Todd A, Bale E, et al. Medication use in people 

with late stage Parkinson’s disease and parkinsonism living at home and in institutional 

care in north-east England: a balance of symptoms and side-effects? Parkinsonism Relat 

Disord 2016;32:120-3. doi:10.1016/j.parkreldis.2016.09.001.

29  Bjornestad A, Tysnes O, Larsen JP, Alves G. Loss of independence in early Parkinson 

disease: a 5-year population-based incident cohort study. Neurology 2016;87:1599-606. 

doi:10.1212/WNL.0000000000003213.

30  Uc EY, Struck LK, Rodnitzky RL, Zimmerman B, Dobson J, Evans WJ. Predictors of weight 

loss in Parkinson’s disease. Mov Disord 2006;21:930-6. doi:10.1002/mds.20837.

 



72

Chapter 3

Supplementary files

supplementary file 3. 1 | Medication changes in the course of apomorphine use.

 
Baseline Discharge Last follow-up

n dose
(mg/day)

n dose
(mg/day)

n dose
(mg/day)

Apomorphine 0 0 45 66 45 67

Anti-parkinson medication

Levodopa 45 1061 44 986 43 858

Entacapone 16 1097 8 1024 5 1000

Tolcapone 0 0 0 0 0 0

Selegiline 3 8.3 1 5 0 0

Rasagiline 1 1 1 1 0 0

Pergolide 4 3.0 2 1.1 0 0

Ropinirole 11 18 6 10 4 11

Pramipexole 9 2.8 4 1.2 6 1.0

Rotigotine 1 10 1 8 1 8

Apomorphine (injection) 3 12 0 0 0 0

Amantadine 4 219 6 225 4 175

Other medication

Clozapine 15 20 23 18 25 22.3

Rivastigmine* 11 10.3 15 11.3 23 11.1

Galantamine 3 19 5 22 6 21

Domperidon 44 50 44 51 32 42

Fludrocortison 3 0.167 3 0.133 4 0.125

Midodrine 1 25 2 10 3 8.3

Droxidopa 0 0 0 0 0 0

*Rivastigmine patch and oral rivastigmine are grouped and equalized to oral rivastigmine
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supplementary file 3.2 | Prespecified subgroup analysis between patients without visual 
hallucinations, history of visual hallucinations and active visual hallucinations

 
No VHs

n = 8
History of VHs

n = 5
Active VHs

n = 32

Gender (male/female) 3/5 2/3 20/12

Age (years) 74 68 71

Duration of PD (years) 9.9 13.2 10.6

Severity of PD (H&Y) 3.4 3.2 3.2

Disease characteristics

Motor fluctuations, n (%) 8 (100) 5 (100) 32 (100)

Dyskinesia, n (%) 8 (100) 4 (80) 24 (75)

Dementia, n (%) 3 (38) 0 (0) 7 (22)

Medication changes

Apomorphine dose (mg) 74 67 64

Baseline LEDD (mg) 1418 1280 1239

Discharge LEDD (mg) 1255 703 1047

Baseline dopamine agonist dose (mg) 248 181 172

Discharge dopamine agonist dose (mg) 140 7.5 31

Baseline clozapine dose (mg) 0 20 6

Discharge clozapine dose (mg) 0 12.5 10.9

Baseline CHEI dose (mg) 0.7 0 4.2

Discharge CHEI dose (mg) 2.2 0 6.5

VHs = visual hallucinations; PD = Parkinson’s disease; LEDD = levodopa-equivalent daily dose; CHEI = 

cholinesterase inhibitors.
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supplementary file 3. 3 | Duration of apomorphine treatment.

Kaplan-Meier plot illustrating duration of apomorphine treatment with 95% confidence interval (dashed 

lines). Vertical ticks mark patients still on treatment.
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