
Table 2: Open-label studies comparing CAI to other therapies in  PD patients 

Table 2: Described effects of CAI on neuropsychiatric and neuropsychological symptoms in PD patients in open-label studies 

Study Year Groups 

History of 
neuropsychiatric 
symptoms and 

neuropsychological 
profile 

Participants Assessments 
Duration 
(mths) 

Key findings on 
neuropsychiatric symptoms 

and neuropsychological profile 

Di Rosa 2003 

CAI 
N=12 

aa{9 җ нпΤ ƴƻ 
current psychosis 

Age 55 (9) yrs MMSE; Rey-copy; Corsi; BPRS; 
BDI 

12 ÅSignificant improvement of 
BDI in the apomorphine 
group compared to baseline 

DD 122 (37) mths 

Conventional 
N=18 

aa{9 җ нпΤ ƴƻ 
current psychosis 

Age 56 (8) yrs MMSE; Rey-copy; Corsi; BPRS; 
BDI 

12 
DD 111 (30) mths 

Alegret et 
al 

2004 

CAI 
N=7 

Non-demented 
Age 61.14 (7.58) yrs RAVLT; Stoop; TMT; Fluency; JLO; 

BDI; MMSE 
12 

ÅNo significant changes at 1 
year follow-up 

Å In the DBS group, fluency 
and Stroop scores worsened 
at 6 months follow-up, with 
recovery afterwards   

DD 13.86 (2.27) yrs 

DBS 
N=9 

Non-demented 
Age 62.86 (8.43) yrs RAVLT; Stoop; TMT; Fluency; JLO; 

BDI; MMSE 
12 

DD 14.14 (14.14) yrs 

De Gaspari 
et al 

2006 

CAI 
N=13 

Non-demented 
No psychiatric 
disturbances 

Age 59 (13) yrs 
MMSE; CVLT; Corsi; NPI; HDRS  12 Å In the CAI group, there were 

no significant changes at 1 
year follow-up 

Å In the DBS group, NPI and 
CF declined 

DD 10  (5) yrs 

DBS 
N=12 

Non-demented 
No psychiatric 
disturbances 

Age 60.5 (6.5) yrs 
MMSE; PWL; CPM; PF; CF; NPI; 
HDRS 

12 
DD 12 (2.45) yrs 

Antonini et 
al 

2010 

CAI 
N=8 

MMSE > 25 
No psychiatric 
disturbances 

Disease onset 49  
(11) yrs 

MMSE; NPI; HDRS; CVLT; Corsi 
30 (25% 
reached 

60) 

Å In the CAI group, there were 
no significant changes at last 
follow-up 

Å In the DBS group, NPI and 
CF declined 

DBS 
N=13 

MMSE > 25 
No psychiatric 
disturbances 

Disease onset 51 (8) 
yrs 

MMSE; NPI; HDRS; PWL; CPM; 
PF; CF 

60 

Martinez-
Martin et 

al 
2011 

CAI 
N=17 

- 
Age 59.5 (11.7) yrs 

PDQ-8 and NMSS 12.5 
ÅNo worsening of 

neuropsychiatric problems 
after CAI; moderate to large 
effect size on domains of 
mood/apathy and attention 

DD 12.05 (4) yrs 

Conventional 
N=17 

- 
Age 66.4 (7.0) yrs 

PDQ-8 and NMSS 12.5 
DD 13.23 (4.7) yrs 

Martinez-
Martin et 

al (EuroInf) 
2015 

CAI 
N=43 

- 
Age 62.3 (10.6) yrs 

PDQ-8 and NMSS 6 
Å In the CAI group, domains of 

mood/apathy, perceptual 
problems/h. and 
attention/memory showed 
improvement 

DD 14  (4.5) yrs 

IJLI 
N=44 

- 
Age 62.7 (9.1) yrs 

PDQ-8 and NMSS 6 
DD 16.1 (6.7) yrs 
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Continuous apomorphine infusion (CAI) has been used as treatment for advanced Parkinson's disease (PD) patients with motor fluctuations and dyskinesia. The 
beneficial effects of apomorphine on non-motor symptoms (NMS) have been described as well, but few studies have focused on cognition and neuropsychological 
profiles in detail. The aim of this review was to analyse all studies, accessed using Pubmed, addressing cognition and neuropsychiatric symptoms in PD patients treated 
with CAI. 
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DISCUSSION 

ÅIdentified studies varied from single 
centre surveys to prospective 
nonrandomized studies (tables 1 and 
2). 
ÅSome clinical series suggest that CAI 

might be appropriate in some patients 
with previous neuropsychiatric 
problems.  
ÅStudies comparing the effects of deep 

brain stimulation (DBS) and CAI on 
cognition suggest that CAI appears to 
be safe at 12-month follow-ups and 
provide better scores on 
neuropsychological assessments. 
ÅStudies comparing CAI with other 

dopaminergic therapies addressing 
specifically the non-motor symptoms 
scale (NMSS) show improvements in 
some domains including mood/apathy 
and attention/memory. 

RESULTS 

Pubmed Search terms: 
ÅtŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜ Ҍ ŀǇƻƳƻǊǇƘƛƴŜ 
Applied filters:  
ÅEnglish  
ÅHuman studies 
ÅTo 31/06/2016 
Total number of articles = 770 
Selected articles = 24 
ÅComplete original studies 
ÅContinuous apomorphine infusion 

DD: disease duration; H.: hallucinations; DBS: beep brain stimulation (bilateral subthalamic); NPI-Q: Neuropsychiatric Inventory Questionnaire; MMSE: Mini-Mental State Examination; FAB: Frontal Assessment 
Battery; MDRS: Mattis 5ŜƳŜƴǘƛŀ wŀǘƛƴƎ {ŎŀƭŜΤ  ¦5tw{ LΥ ¦ƴƛŦƛŜŘ tŀǊƪƛƴǎƻƴΩǎ 5ƛǎŜŀǎŜ wŀǘƛƴƎ {ŎŀƭŜ tŀǊǘ LΤ ¢a¢Υ ¢Ǌŀƛƭ aŀƪƛƴƎ ¢ŜǎǘΤ ²ƛǎŎƻƴǎƛƴ /ŀǊŘ {ƻǊǘing Test; BPRS: Brief Psychiatric Rating Scale, BDI: Beck Depression 
LƴǾŜƴǘƻǊȅΤ w!±[¢Υ wŜȅΩǎ !ǳŘƛǘƻǊȅ-Verbal Learning Test; JLO: Judgment of Line Orientation; CVLT: California Verbal Learning Test; HDRS: Hamilton Depression Rating Scale-17; PWL: Paired Word Learning; CPM: 
wŀǾŜƴΩǎ /ƻƭƻǳǊŜŘ tǊƻƎǊŜǎǎƛǾŜ aŀǘǊƛŎŜǎΤ tCΥ tƘƻƴŜƳƛŎ CƭǳŜƴŎƛŜǎΤ /CΥ /ŀǘŜƎƻǊȅ CƭǳŜƴŎƛŜǎ 

Table 1: Described effects of CAI on neuropsychiatric and neuropsychological symptoms in PD patients in clinical series studies  

Study Year N 
Age 
(yrs) 

DD 
(yrs) 

History of neuropsychiatric symptoms 
and neuropsychological profile 

Assessments 
Duration of 

CAI 
(mths) 

Key findings on neuropsychiatric symptoms and 
neuropsychological assessment where available 

Pollak et al 1988 4 - - H.: 1 - < 6 ÅMixed effects on h. 

Stibe et al 1988 11 56 14.4 
Non-demented 
Some w/ neuropsychiatric problems 

- 8 ÅNon-significant neuropsychiatric symptoms 

Ruggieri et al 1989 6 56-63 4-14 H. with lisuride: 4 - < 7 ÅDiscontinued therapy due to neuropsychiatric adverse effects: 4 

Frankel et al 1990 25 58.8 17.8 Previous psychosis: 3 - < 32 
ÅVisual hallucinations and confusion: 3  
ÅPatients with history of psychosis were not affected 

Chaudhuri et al 1991 3 62.3 - Previous psychosis: 3 - < 14 ÅReduction of neuropsychiatric problems  

Hughes et al 1993 22 60.6 19.2 Neuropsychiatric symptoms: 4 - 36.5 ÅNeuropsychiatric symptoms (mainly mild): 8 

Muhiddin et al 1994 13 69 15 - - < 24 ÅDiscontinued therapy due to psychosis or confusion: 3 

Gancher et al 1995 7 61.1 17.6 - - 3 ÅMild neuropsychiatric problems: 2 

Ellis et al 1997 12 59 11 
Non-demented 
Previous severe neuropsychiatric 
problems: 13 

- 28 ÅReduction of neuropsychiatric complications 

Colzi et al 1998 19 - - - - - ÅNeuropsychiatric problems: 5 

Pietz et al 1998 25 64.7 16 - - 44 ÅNeuropsychiatric problems: 11 

Manson et al  2002 64 60.3 15.7 Some w/ neuropsychiatric problems - 33.3 
ÅOverall tendency towards improvement of neuropsychiatric 

problems 

Tyne et al 2004 80 50.9 10 Some w/ neuropsychiatric problems - 25.1 ÅH.: 5; confusion 3; 3 of these stopped CAI 

Katzenschlager et al 2005 12 61.3 14.5 Some w/ neuropsychiatric problems - 6 
Å Improvement of previous depression:  3 
ÅMild cognitive dysfunction  or depression deterioration: 2 

Garcia Ruiz et al 2008 82 67 14.4 
Hallucinations: 22 
Cognitive impairment: 27 

- 19.93 
ÅAny grade of neuropsychiatric adverse reactions: confusion 

n=14, 17% (1% severe), h. n=15, 18% (0% severe) 

van Laar et al 2010 8 67 13 All had severe visual h. 
NPI-Q, MMSE, 

FAB 
1.5 ÅReduction in severity of pre-existing visual hallucinations 

Drapier et al 2012 23 - 13.9 
a5w{ Җ мол ŀƴŘκƻǊ dysexecutive 
syndrome 

UPDRS I, 
MDRS, Stroop, 

TMT 
Fluency, WCST 

12 
ÅNo worsening of psychiatric status 
ÅNeuropsychological and especially MDRS scores remained 

stable with the exception of TMT which significantly improved 

Borgemeester et al 
 

2015 125 65.8 11.9 Dementia: 15% - 32.3 

ÅReduction of visual hallucinations : 23  
Å Increased dose of clozapine and reduced dose of dopamine 

agonists more pronounced in patients that improved much 
compared to patients with less improvement (non-significant) 

ÅStudies ŦǊƻƳ !ƭȊƘŜƛƳŜǊΩǎ ƳƛŎŜ ƳƻŘŜƭǎ ŀƴŘ Ǉƻǎǘ-
mortem neuropathological PD patients suggested 
that apomorphine treatment might be a potential 
modifier of amyloid-  ̡deposition in the brain.  
 

ÅStudies documenting clinical effects of CAI on 
neuropsychiatric symptoms and 
neuropsychological profile vary widely in 
methodology and sample characteristics and are 
mostly single centered and non-controlled. 
 

ÅCAI is still usually considered when patients do 
not fulfill criteria for DBS, hence, its potential 
beneficial effects on cognition  and 
neuropsychiatric problems might be less evident 
in older and/or cognitively impaired patients. 
 

ÅKeeping with this and the potential benefits of CAI 
on NMS, a clinical and imaging study is now 
planned. 

http://www.parkinson.org/

