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Parkinson’s disease (PD) psychosis is a distressing condition that affects up to 60% of 
patients at the advanced stages of the disease. It significantly impairs patients’ and 
caregiver’s quality of life. Current therapeutic options are limited, and only clozapine 
and, more recently, pimavanserin were demonstrated to be effective in Phase III clinical 
trials. Phase II studies, open-label trials, case series and case reports have suggested an 
anti-psychotic efficacy of donepezil, melperone, mianserin, mirtazapine, ondansetron, 
quetiapine, rivastigmine and sarcosine. In contrast, aripiprazole, galantamine and 
memantine do not appear effective to alleviate PD psychosis. This review article 
discusses some of the available therapies to treat PD psychosis and surveys drugs that 
have recently undergone investigation, or that are presently being studied to address 
this condition.
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The most recognizable manifestations of 
Parkinson’s disease (PD), bradykinesia, rest-
ing tremor and rigidity [1–3], affect the motor 
system. With disease progression, a breadth 
of nonmotor symptoms becomes increasingly 
important and significantly impairs patient’s 
quality of life. Psychiatric manifestations, 
including anxiety, depression and psychosis, 
are amongst the most frequent and disturbing 
nonmotor manifestations of advanced PD [4].

The phenomenology of PD psychosis is 
complex. Visual hallucinations are the most 
common psychotic manifestation and affect 
up to 60% of patients with advanced PD 
[5–7]. Visual hallucinations may consist of 
shadows at the periphery of the visual field, 
but may also consist of well-formed halluci-
nations such as familiar faces [8]. Less com-
monly, patients experience hallucinations 
involving other sensory modalities, such as 
auditory, olfactory or tactile hallucinations 
[9–14]. With disease progression, up to 60% of 
patients with hallucinations experience mul-
timodal hallucinations, where visual halluci-
nations coexist with other types of hallucina-

tions [15,16]. Some patients develop feelings of 
presence [17] or paranoid delusions [18]. The 
occurrence of visual hallucinations precedes 
death by approximately 5 years [19].

The first step in the management of PD 
psychosis often entails a reduction of anti-
parkinsonian medication, but this approach 
is frequently marred by an increase of parkin-
sonian disability, which limits its clinical use-
fulness [20]. Moreover, a simple reduction of 
anti-parkinsonian medication may not fully 
address psychotic manifestations, as these are 
not necessarily triggered by administration of 
dopaminergic agents [21]. For instance, intra-
venous administration of high dose L-3,4-di-
hydroxyphenylalanine (L-DOPA) does not 
necessarily trigger visual hallucinations in 
PD patients who have previously experienced 
hallucinations [22]. Adding to the challenge of 
managing PD psychosis is that several anti-
psychotics are dopamine-receptor blockers, 
which interfere with L-DOPA anti-parkin-
sonian benefit and deteriorate motor func-
tion [23–25]. PD psychosis is therefore more 
complex than a mere pharmacological phe-
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nomenon. Indeed, it is associated with greater Lewy 
bodies burden within the amygdala [26,27], as well as 
reduction of gray matter volume in several brain areas 
involved in visual processing, such as the left lingual 
gyrus, hippocampal head, parietal lobe and thalamus 
[28–31]. Reduction of cholinergic neurons from the 
pedunculopontine nucleus [32,33] is also regarded as a 
culprit in the pathophysiology of visual hallucinations. 
In vivo imaging studies performed in PD patients with 
visual hallucinations have shown altered metabolism in 
brain areas involved in visual processing, such as the 
temporal and frontal lobes [31,34–37]. Anomalies in sero-
tonergic (5-HT) transmission mediated by 5-HT type 
1A (5-HT

1A
) [38] and 2A (5-HT

2A
) receptors are also 

involved in visual hallucinations in PD [39,40]. Abnor-
mal visual perception is also likely to play an etiological 
role in visual hallucinations [41].

As mentioned above, several anti-psychotics are 
dopamine-receptor blockers and the use of dopamine-
receptor antagonists is counterproductive in PD. The 
current therapeutic strategies for PD psychosis are 
therefore centered on the modulation of other neu-
rotransmitter systems, that is, the 5-HT and cholin-
ergic systems. Very few therapies acting by mecha-
nisms unrelated to 5-HT or acetylcholine are currently 
undergoing investigation.

This qualitative systematic review article discusses 
the current therapeutic options for treatment of PD 
psychosis and surveys new promising therapies. As will 
be seen, there is a paucity of effective treatments for PD 
psychosis and drugs presently under investigation are 
also scant. The review of literature and of active clini-
cal trials was performed through PubMed [42], The 
Michael J Fox Foundation for Parkinson’s Research 
[43], ClinicalTrials.gov [44], the International Clinical 
Trials Registry Platform [45], the Current Controlled 
Trials website [46] and the Parkinson Pipeline Project 
[47]. Therapies for psychosis in Lewy body disease are 
not discussed.

The main points presented in the article are sum-
marized in Tables 1–3. Table 1 lists the drugs discussed 
in the article along with their effectiveness in the treat-
ment of PD psychosis. Table 2 lists the active clinical 
trials, or lack thereof, for each drug. Table 3 shows the 
pharmacological affinity of each molecule presented in 
this review.

Drugs to treat PD psychosis 
Aripiprazole
Aripiprazole (Abilify®, Aripiprex®) is a relatively new 
atypical anti-psychotic with a unique pharmacological 
profile. Aripiprazole acts as an antagonist at 5-HT

2A
 

receptors, and as a partial agonist at 5-HT
1A

 [48,49], and 
dopamine D

2
 and D

3
 receptors [50]. Aripiprazole also 

exhibits high affinity for the 5-HT transporter, 5-HT
2C

 
and 5-HT

7
 receptors [51]. In an open-label 6-week 

study with a 20-week extension phase conducted in 14 
patients, aripiprazole (1–5 mg orally daily) generally 
improved PD psychosis, but was poorly tolerated by 
a majority of patients, and eight subjects discontinued 
the study [52]. Aripiprazole (15 mg orally daily) also 
reduced PD psychosis, while being well tolerated, in 
a case series of three patients [53] and in a case report 
[54]. Aripiprazole (10 mg orally thrice daily) did not 
improve PD psychosis and worsened parkinsonism in 
one case report [55], and was ineffective (7.5–22.5 mg 
orally daily) in six out of eight PD patients in a case 
series [56]. Based on these studies, aripiprazole does not 
appear as a promising agent to treat PD psychosis. No 
randomized, double-blind, placebo-controlled clinical 
trial for PD psychosis with aripiprazole has been pub-
lished so far and, given the limited efficacy of aripip-
razole and its propensity to worsen parkinsonism, it is 
unlikely that the drug will be further studied in PD 
psychosis.

Clozapine
Clozapine (Clozaril®) is an atypical anti-psychotic that 
exhibits affinity for many receptors, including 5-HT

2A
, 

5-HT
2C

, 5-HT
3
, 5-HT

6
, 5-HT

7
, D

4
, muscarinic (M)

1–5
 

and alpha (α)-adrenoceptors [57–60]. Despite its nonse-
lectivity, in vivo imaging and pharmacokinetic studies 
have suggested that clozapine, at doses administered 
to PD patients, which are lower than those usually 
administered in schizophrenia, interacts primarily 
with 5-HT

2A
 receptors [61,62]. In an evidence-based 

medicine (EBM) review article published in 2011, 
the International Parkinson and Movement Disorder 
Society (IPMDS) stated that clozapine was efficacious 
to treat PD psychosis [63]. Indeed, low-dose clozapine 
(6.25–50 mg daily, mean daily dose of 24.7 mg at the 
end of the study) effectively alleviated psychosis in 60 
PD patients in a 14-month randomized, double-blind, 
placebo-controlled Phase III clinical trial [64]. In this 
study, clozapine improved score at each of the Brief 
Psychiatric Rating Scale (BPRS), the Clinical Global 
Impression Scale (CGIS), as well as the Scale for 
Assessment of Positive Symptoms (SAPS). Low-dose 
clozapine (6.25–50 mg daily, mean daily dose of 36 
mg at the end of the study) effectively improved the 
CGIS and the Positive And Negative Syndrome Scale 
in 60 patients over a 4-week administration period 
in another randomized, double-blind, placebo-con-
trolled, Phase III clinical trial [65]. Clozapine (6.25–50 
mg daily, average daily dose of 35.8 mg at the end of 
the study) had beneficial effects on the CGIS and Posi-
tive And Negative Syndrome Scale in another 4-week, 
randomized, double-blind, placebo-controlled trial 
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followed by open-label and wash-out phases performed 
in 60 PD patients [66]. Interestingly, some patients 
experienced relapses of their psychotic symptomatol-
ogy during the wash-out period [66]. In all of these 
clinical trials, clozapine improved the severity of psy-
chosis by 25–40%, did not worsen motor condition 
and was well tolerated by patients. Despite its efficacy 
demonstrated in Phase III clinical trials and the fact 
that it is well tolerated by the PD population, clozap-
ine is seldom prescribed as a first-line therapy for PD 
psychosis, because its use is associated with a 1% risk 
of agranulocytosis, which may be fatal and requires 
regular hematological monitoring [67,68]. There are cur-
rently no active clinical trials assessing the efficacy of 
clozapine for PD psychosis.

Cholinesterase inhibitors
Donepezil (Aricept®) is an acetylcholinesterase (AChE) 
inhibitor that is used to treat cognitive dysfunction in 
people suffering from Alzheimer’s disease [69]. Riv-
astigmine (Exelon®) is a dual butyrylcholinesterase 
and AChE inhibitor [70]. Galantamine (Lycoremine®, 
Nivalin®, Razadyne®, Reminyl®) is an AChE inhibitor 
with positive allosteric effect on nicotinic receptors [71]. 
Donepezil and rivastigmine are currently employed 
to treat PD dementia. In the 2011 EBM review pub-
lished by the IPMDS, donepezil was considered as 

‘investigational’, whereas rivastigmine was considered 
‘efficacious’ to treat PD dementia [63]. In contrast, 
there was ‘insufficient evidence’ to recommend the 
use of galantamine to treat PD dementia [63]. In the 
United States, the US FDA has approved the use of riv-
astigmine to treat PD dementia in 2006 [72]. Evidence 
suggests that both donepezil and rivastigmine may 
effectively reduce PD psychosis. Thus, in a case series, 
rivastigmine (up to 12 mg orally daily) improved visual 
hallucinations in four PD patients, three of whom had 
cognitive impairment [73]. In a randomized, double-
blind, placebo-controlled 24-week study, an arm of 
which was conducted on 188 PD patients with visual 
hallucinations, rivastigmine (average dose of ≈8 mg 
orally daily at week 24) significantly improved the 
ten-item Neuropsychiatric Inventory (NPI) [74].

In an open-label study conducted in eight PD 
patients, donepezil (5 mg orally at bedtime for 2 
months) significantly improved the Psychosis Rat-
ing Scale for PD [75]. Other uncontrolled studies have 
also found a reduction of PD psychosis with donepezil 
(10 mg orally daily) administration [75–78].

Open-label trials and case-report studies suggested 
that galantamine (up to 24 mg orally daily) improved 
the NPI in PD patients with dementia [79–82]. How-
ever, galantamine (up to 24 mg orally daily) had no 
effect on the NPI score in a randomized, double-blind, 

Table 2. Drugs under investigation for Parkinson’s disease psychosis†.

Drug Clinical trials

Aripiprazole No active clinical trial

Clozapine No active clinical trial

Donepezil
 

One active study assessing the efficacy of donepezil to prevent PD psychosis development 
(UMIN000005403)

One active study assessing the efficacy of donepezil at improving cognitive function and neuro-psychiatric 
burden in PD patients with early dementia (NCT01014858)

Galantamine One active study assessing neuro-psychiatric symptoms and brain perfusion in PD patients with dementia 
receiving galantamine (NCT01944436)

Melperone No active clinical trial

Memantine No active clinical trial

Mianserin No active clinical trial

Mirtazapine No active clinical trial

Ondansetron No active clinical trial

Pimavanserin One active study assessing the safety and efficacy of pimavanserin in the treatment of PD psychosis 
(NCT00550238)

Quetiapine No active clinical trial

Rivastigmine One active study assessing the efficacy of rivastigmine to prevent the progression of minor visual 
hallucinations to major visual hallucinations (NCT01856738)

Sarcosine No active clinical trial
†This table provides a list of the active clinical trials, or lack thereof, for each molecule discussed in the article.  
PD: Parkinson’s disease.
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placebo-controlled trial conducted in nondemented 
PD patients [83], which is possibly why galantamine is 
not used to treat PD psychosis.

In the studies cited above, motor function was some-
times impaired by cholinesterase inhibitors, and this 
potential adverse effect has to be taken into consider-
ation when implementing treatment with either done-
pezil or rivastigmine. In particular, AChE inhibitors 
may have a deleterious effect on PD tremor [84–89].

Four studies assessing the efficacy of cholinesterase 
inhibition for PD psychosis are currently active. The 
‘Efficacy of Donepezil against Psychosis in Parkinson’s 
Disease’ (EDAP; UMIN000005403) study assesses 
the effect of donepezil to prevent the development of 
PD psychosis. In that study, PD psychosis is assessed 

at a 4-week interval for 96 weeks using the Parkinson 
Psychosis Questionnaire part B, which assesses halluci-
nations/illusions, and part C, which assesses delusions. 
Patients are randomized into two groups, one receives 
donepezil (up to 5 mg orally daily), while the other 
is administered placebo. Eighty-four patients will be 
included in each group. The hypothesis of the study is 
that donepezil treatment will prevent the development 
of PD psychosis; secondary outcome measures include 
changes in Parkinson Psychosis Questionnaire and 
Unified Parkinson’s Disease Rating Scale scores [90]. 
As of 31 March 2014, the EDAP study was no longer 
recruiting. The ‘Multi-Centre UK Study of the Ace-
tylcholinesterase Inhibitor Donepezil in Early Demen-
tia Associated With Parkinson’s Disease’, a 24-month 

Enzyme/receptor/transporter Drugs

5-HT system  

5-HT1A receptors Aripiprazole, mirtazapine

5-HT2A receptors Aripiprazole, clozapine, melperone, mianserin, mirtazapine, pimavanserin, 
quetiapine

5-HT2C receptors Aripiprazole, clozapine, mianserin, mirtazapine, pimavanserin

5-HT3 receptors Clozapine, mirtazapine, ondansetron

5-HT6 receptors Clozapine

5-HT7 receptors Aripiprazole, clozapine

SERT Aripiprazole

Adrenergic system  

α-adrenoceptors Clozapine, mianserin, mirtazapine, quetiapine

β-adrenoceptors Memantine

Dopaminergic system  

D2 receptors Aripiprazole, melperone, quetiapine

D3 receptors Aripiprazole

D4 receptors Clozapine, melperone

Cholinergic system  

Acetylcholinesterase Donepezil, galantamine, rivastigmine

Butyrylcholinesterase Rivastigmine

Muscarinic receptors Clozapine (M1–5), memantine, quetiapine

Nicotinic receptors Galantamine

Glutamatergic system  

NMDA receptors Memantine

Glycinergic system  

Glycine transporter I Sarcosine

Histaminergic system  

H receptors Memantine (H1), mianserin, mirtazapine (H1), quetiapine (H1)

This table summarizes pharmacological profile of the drugs discussed in the article. It is noteworthy that the extent to which some of the 

targets listed here contribute to an anti-psychotic action remains to be elucidated.  

H: xxx; HT: xxx; NDMA: N-methyl-d-aspartate; SERT: xxx.

Table 3. Pharmacological profile of the drugs used to treat Parkinson’s disease psychosis.
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randomized, double-blind, placebo-controlled Phase 
III trial to demonstrate the efficacy of donepezil (5 or 
10 mg orally daily) at improving cognitive function 
and neuro-psychiatric burden, is currently on-going. 
Secondary outcome measures include assessment of 
patients’ and caregivers’ quality of life and determina-
tion of donepezil cost–effectiveness (NCT01014858). 
Another trial, the ‘Cholinesterase Inhibitors to Slow 
Progression of Visual Hallucinations in Parkinson’s 
Disease’ study, will assess the effect of rivastigmine to 
prevent the progression of minor visual hallucinations to 
major hallucinations, without insight or frank psycho-
sis. This randomized, double-blind, placebo-controlled 
Phase IV study will include 168 subjects, who will 
be administered rivastigmine 6 mg orally twice daily 
or placebo over 24 months. Secondary outcome mea-
sures will include effects of rivastigmine on motor and 
cognitive functions, as well as on daytime sleepiness, 
to name a few (NCT01856738). The fourth trial, ‘A 
Genetic and Perfusion Study of Response to Cognitive 
Enhancers in Lewy Body Disease’, encompasses a group 
of demented PD patients who will receive galantamine. 
Neuro-psychiatric evaluations will be performed and 
brain perfusion will be assessed (NCT01944436).

Despite some trials conducted in PD (none of which 
had psychosis as primary end point) [91,92], the dual 
AChE and butyrylcholinesterase inhibitor tacrine 
(Cognex®) is not discussed in this article, because it 
was withdrawn from the market in the United States 
due to hepatic toxicity [93].

Melperone
Melperone (Bunil®, Buronil®, Eunerpan®) is an atypi-
cal anti-psychotic that exhibits high affinity for dopa-
mine D

2
, D

4
 and 5-HT

2A
 receptors [94]. An open-label 

2-year study performed in 30 PD patients suggested 
that melperone (average daily dose of 37.5 mg, ranging 
from 12.5 to 75 mg) might effectively reduce PD psy-
chosis, assessed with the BPRS [95]. Despite these posi-
tive results, melperone (20–60 mg orally daily) did not 
alleviate PD psychosis when assessed with the SAPS 
scale in an 8-week randomized, double-blind, placebo-
controlled Phase II study performed on 90 patients [96]. 
Although melperone did not worsen motor function 
and was well tolerated in the two studies, it is unlikely 
that further studies will be conducted with melperone 
as an anti-psychotic agent in PD, given the negative 
results of the Phase II trial.

Memantine
Memantine (Abixa®, Akatinol®, Axura®, Ebixa®, 
Memox®, Namenda®) is an uncompetitive [97] 
N-methyl-D-aspartate antagonist that exhibits affinity 
for histamine (H) type 1 and M receptors, as well as beta 

(β)-adrenoceptors [98,99]. Memantine is currently, albeit 
rarely, employed to treat PD dementia, although there is 
insufficient evidence to support its use, according to the 
2011 EBM review by the IPMDS [63]. Most of the stud-
ies performed with memantine in PD were addressing its 
potential to reduce cognitive symptoms; however, some 
of these had psychosis as a secondary end point.

In a randomized, double-blind, placebo-controlled 
Phase IV trial, 62 demented PD patients were admin-
istered memantine (20 mg orally daily), while 58 were 
administered placebo for 24 weeks. In that study, 
memantine had no effect on PD psychosis, assessed by 
the NPI [100]. In a 22-week randomized, double-blind, 
placebo-controlled study conducted in 25 PD patients 
with dementia, memantine (20 mg orally daily) did 
not improve the NPI score [101]. Similar results were 
obtained in a 24-week randomized, double-blind, pla-
cebo-controlled Phase II trial performed in 72 patients 
with PD dementia or Lewy body disease, in which 
memantine (20 mg orally daily) failed to improve the 
NPI [102]. Memantine was generally well tolerated in 
these studies. However, given its lack of efficacy in the 
trials cited above, it does not appear as a promising 
strategy for PD psychosis and it is unlikely that meman-
tine anti-psychotic potential will be the primary end 
point of upcoming studies. In agreement with a lack 
of anti-psychotic effect of memantine in PD, an article 
published in 1991 reported that memantine (10–30 
mg orally daily for up to 6 weeks) triggered psychotic 
symptoms when administered to PD patients [103].

Mianserin
Mianserin (Depnon®, Lantanon®, Lerivon®, Lumin®, 
Norval®, Tolmin®, Tolvon®) is a nonselective antide-
pressant that exhibits high affinity for 5-HT

2A
, 5-HT

2C
 

and H receptors, as well as to α-adrenoceptors [104]. 
In an open-label study conducted in 12 PD patients, 
administration of mianserin daily for 8 weeks (aver-
age dose 36.7 mg orally) abolished psychotic features 
in eight patients and moderately improved psychosis in 
two, while decreasing parkinsonian disability in eight 
patients [105]. In another open-label trial, mianserin 
(5–30 mg orally daily) abolished hallucinations in 17 
patients and suppressed delusions in five out of eight 
patients [106]. In these studies, mianserin was well toler-
ated by PD patients. However, albeit promising, these 
studies are open-label trials, and the efficacy of mianse-
rin needs to be established in the context of randomized, 
controlled trials. No such trial is currently active.

Mirtazapine
Mirtazapine (Avanza®, Axit®, Mirtaz®, Mirtazon®, 
Remeron®, Zispin®) is a structural analog of 
mianserin [104]. As for mianserin, mirtazapine is a 



www.future-science.com 895future science group

Therapies under investigation for treating Parkinson’s disease psychosis    Clinical Trial Outcomes

nonselective antidepressant that exhibits high affinity 
for α-adrenoceptors, 5-HT

2A
, 5-HT

2C
, 5-HT

3
 and H

1
 

receptors, as well as moderate affinity for 5-HT
1A

 recep-
tors [107,108]. One case report [109] and one case series of 
four patients [110] mention the emergence of psychotic 
manifestations in PD patients treated with mirtazap-
ine (15–30 mg orally daily). In contrast, mirtazapine 
(7.5–30 mg orally daily) was reported to be beneficial 
against PD psychosis in three case reports that have 
been published since 2012 [111–114]. The efficacy of mir-
tazapine against PD psychosis has never been assessed 
in randomized, double-blind, placebo-controlled tri-
als. Thus, the therapeutic potential of mirtazapine for 
PD psychosis is uncertain and its efficacy is, at most, 
anecdotal. Nevertheless, in light of the results of the 
three recent case reports, the anti-psychotic potential 
of mirtazapine might be worth assessing in the context 
of randomized, controlled clinical trials.

Ondansetron
Ondansetron (Zofran®) is a potent and selective 5-HT

3
 

receptor antagonist [115,116]. The efficacy of ondan-
setron for treating PD psychosis was tested in several 
early clinical trials [117–124]. Ondansetron was well toler-
ated and demonstrated a certain efficacy. For instance, 
in an open-label trial, ondansetron (12–24 mg orally 
daily over 4–8 weeks) significantly improved visual hal-
lucinations, paranoid delusions and the BPRS in 16 PD 
patients [119]. In another open-label trial conducted in 
seven PD patients with psychosis, ondansetron (12–20 
mg orally daily for 1–2 months) abolished visual hal-
lucinations in three and reduced hallucinations in four 
patients. In all patients, discontinuation of ondansetron 
led to the resurgence of psychotic manifestations within 
a week, and re-introduction of ondansetron again atten-
uated psychosis [117]. Despite these encouraging results, 
5-HT

3
 blockade as a therapeutic approach to alleviate 

PD psychosis has not been further studied, perhaps 
because another open-label trial suggested a limited effi-
cacy and a possible tachyphylaxis to the anti-psychotic 
effect [120]. Nevertheless, the anti-psychotic potential 
of ondansetron and other 5-HT

3
 antagonists in PD 

might be worth re-exploring, as several agents with this 
mechanism of action are used in clinic and as clozapine, 
which alleviated psychosis in Phase III studies, exhibits 
significant affinity for 5-HT

3
 receptors.

Pimavanserin
Pimavanserin (ACP-103) is a 5-HT

2A
 inverse agonist 

with approximately fourfold selectivity over 5-HT
2C

 
receptors [125,126]. Pimavanserin (20, 40 or 60 mg orally 
daily) effectively reduced the severity of PD psychosis, 
especially hallucinations, persecutory delusions and 
delusions of reference, in a randomized, double-blind 

placebo-controlled, 4-week Phase II study in which 60 
patients were enrolled [127]. More recently, pimavanse-
rin was administered to PD patients in the context of 
a Phase III study encompassing 199 subjects [128]. In 
that study, pimavanserin (40 mg orally daily) reduced 
the severity of PD psychosis by 37%, as assessed 
by the Scale for Assessment of Positive Symptoms 
adapted for PD (SAPS-PD). As this was the first trial 
conducted in PD using this scale, it is impossible to 
compare the efficacy of pimavanserin and clozapine 
or quetiapine, and this should be addressed in future 
clinical studies. Pimavanserin was well tolerated by 
patients and improved night-time sleep. Pimavanserin 
increased duration of the QTc interval by 7.3 ms, and 
a baseline electrocardiogram may have to be obtained 
prior to prescribing the drug. An open-label Phase 
II extension study assessing the long-term safety and 
tolerability of pimavanserin was completed last year 
(NCT01518309), but results have not been published.

One clinical trial with pimavanserin in PD is cur-
rently on-going (NCT00550238). This multicenter, 
open-label, Phase III study assesses the safety and toler-
ability of pimavanserin in the treatment of PD psycho-
sis. 500 patients older than 40 years old are expected 
to be enrolled in the study. The estimated primary 
completion date is December 2015.

Quetiapine
Quetiapine (Ketipinor®, Seroquel®, Xeroquel®) is an 
atypical anti-psychotic that displays high affinity for 
5-HT

2A
, H

1
 and M receptors, α-adrenoceptors, and 

moderate affinity for D
2
 receptors [60,129]. Several stud-

ies have been performed with quetiapine in PD psy-
chosis, and doses as high as 800 mg daily were admin-
istered to patients [130]. However, in its 2011 EBM 
review, the IPMDS concluded that there was insuffi-
cient evidence to conclude on the anti-psychotic effi-
cacy of quetiapine in PD, because of conflicting data 
and small size of the published studies [63]. Although 
no study assessing the effectiveness of quetiapine for 
PD psychosis is currently on-going, it is important to 
include quetiapine here, as it is often prescribed as a 
first-line anti-psychotic therapy. This may be attributed 
to quetiapine being well tolerated by PD patients and 
because of the risk of agranulocytosis associated with 
the use of clozapine and the required hematological 
monitoring [131,132].

Sarcosine
Sarcosine, also known as N-methyl-glycine or sarco-
sinic acid, is an inhibitor of the glycine transporter I 
that increases synaptic levels of glycine and potenti-
ates the action of the N-methyl-D-aspartate gluta-
matergic receptor [133]. Previous studies performed in 
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schizophrenia have suggested that sarcosine may poten-
tiate the effect of anti-psychotics, but not of clozapine 
[133,134]. Sarcosine (1 g orally twice daily) was tested in an 
8-week randomized, double-blind, placebo-controlled 
clinical trial in which 30 PD patients were enrolled. 
Sarcosine significantly improved results of the NPI after 
2 and 4 weeks, but not after 8 weeks, suggesting a pos-
sible tachyphylaxis to its anti-psychotic effect [135]. The 
results of this study are interesting, as sarcosine acts by 
a mechanism shared by no other drug currently used or 
being tested for PD psychosis, although the potential 
tachyphylaxis mitigates the drug clinical potential. Its 
unique action mechanism raises the possibility that sar-
cosine might be combined with other anti-psychotics, 
and possibly synergize with them to alleviate psychosis. 
However, further studies are required with sarcosine in 
PD psychosis before it can be offered as a treatment.

Other anti-psychotics
Olanzapine (Lanzek®, Zypadhera®, Zyprexa®) is an 
atypical anti-psychotic that exhibits high affinity for 
5-HT

2A
 and D

2
 receptors [136]. In the 2011 IPMDS EBM 

review, the efficacy of olanzapine for PD psychosis was 
stated as unclear and its use was not recommended, as 
it is associated with an unacceptable risk of worsening 
parkinsonism [63]. No study assessing the anti-psychotic 
effect of olanzapine in PD is currently on-going. Simi-
larly, the anti-psychotics risperidone (Risperdal®) and 
ziprasidone (Geodon®, Zeldox®) have shown question-
able efficacy in clinical trials, in addition to exerting a 
deleterious effect on parkinsonian disability [130,137–139]; 
no recommendation was made about these two drugs 
in the last IPMDS EBM review and no trial with these 
two anti-psychotics is currently active.

Conclusion & future perspective
PD psychosis is increasingly recognized as an impor-
tant determinant of patients’ and families’ quality 
of life in advanced PD [4]. Optimal treatment of PD 
psychosis requires a delicate balance between, on one 
hand, maintaining an optimal anti-parkinsonian ben-
efit and, on the other hand, reducing psychiatric symp-
toms. This delicate balance is difficult to achieve with 
most of the anti-psychotic agents available and, for that 
reason, in practice, the anti-psychotics employed with 
the PD population are usually limited to clozapine and 
quetiapine. However, the anti-psychotic efficacy of 
quetiapine is not well established, and the use of clo-
zapine requires continuous hematological monitoring, 
which limits its use as a first-line agent. Moreover, it 
is noteworthy that clozapine attenuates PD psychosis 
severity by 25–40%, without abolishing the manifes-
tation. Although such a reduction of psychosis sever-
ity is an important step forward, the problem of PD 

psychosis still remains unsolved. Pimavanserin recently 
reduced PD psychosis severity by ≈40% in a Phase III 
clinical trial. However, the scale used in the study to 
assess psychosis severity, the SAPS-PD, differs to those 
employed in the clozapine trials, and whether pima-
vanserin is as effective as clozapine remains uncertain. 
Unlike most of the drugs cited here, however, pima-
vanserin has a selective mechanism of action, that is, 
5-HT

2A/2C
 receptor inverse agonism. Pimavanserin was 

well tolerated by the PD population, but further studies 
are needed with pimavanserin in PD psychosis, notably 
to establish its efficacy compared with clozapine. An 
open-label trial to determine the long-term safety of 
pimavanserin in the PD population is currently active 
and will provide important data.

The cholinesterase inhibitors donepezil and riv-
astigmine are currently being studied to address PD 
psychosis. The two drugs are presently used to treat 
cognitive deficits in PD, although only rivastigmine 
appears efficacious. Unlike clozapine and pimavan-
serin, they target the cholinergic system, and these 
different mechanisms of action might open the way 
to combination therapies. Hence, perhaps the combi-
nation of a cholinesterase inhibitor and clozapine or 
pimavanserin will lead to a synergistic effect. This may 
provide potentially greater relief to PD psychosis than 
what is currently achieved with clozapine/pimavanse-
rin, which essentially modulate 5-HT transmission. 
Although this is highly speculative, perhaps the most 
efficacious therapy for PD psychosis will be a syner-
gistic approach, where two (or more) systems are tar-
geted, either with multiple drugs, or with a single drug 
displaying affinity for several neurotransmitter systems 
shown to be involved in psychosis etiology. In agree-
ment with such a hypothesis, mianserin and its analog 
mirtazapine, two nonselective drugs, have both dem-
onstrated anti-psychotic efficacy in case reports and 
case series; their anti-psychotic benefit now needs to be 
demonstrated in the context of controlled trials. Should 
an anti-psychotic effect be demonstrated with mian-
serin/mirtazapine in controlled trials, perhaps studies 
where one of these antidepressants is combined with an 
anti-psychotic agent such as clozapine or a cholinester-
ase inhibitor such as rivastigmine could be undertaken, 
to investigate whether a greater anti-psychotic benefit 
can be achieved.

Thus, the optimal management of PD psychosis 
remains difficult and the agents that can be used are 
limited. Moreover, the therapeutic targets are also lim-
ited, as the agents undergoing investigation display 
affinity for either the 5-HT or the cholinergic system, an 
exception being sarcosine, which modulates glutamater-
gic transmission and temporarily alleviated PD psycho-
sis in an early clinical trial. However, all of these targets 
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have shown limited efficacy and other targets have to be 
sought actively. Modulation of down-stream signalling 
mechanisms might represent new therapeutic avenues, 
as it might enable the modulation of several systems at 
the same time, by interacting with intra-cellular effec-
tors common to several pathways. No clinical study with 
such agents is currently registered, but drugs with such 
a mechanism might represent an exciting, potentially 
very effective, new generation of anti-psychotic agents 
to address the debilitating condition of PD psychosis.
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Executive summary

•	 Parkinson’s disease (PD) psychosis is a common and distressing condition.
•	 Clozapine effectively reduces PD psychosis, but is rarely used as a first-line therapy because of the risk of 

agranulocytosis.
•	 Open-label clinical trials have suggested that ondansetron might be beneficial for PD psychosis.
•	 Quetiapine is often used as a first-line therapy for PD psychosis, but its efficacy was not demonstrated in 

Phase III clinical trials.
•	 Pimavanserin recently alleviated PD psychosis in a Phase III clinical trial.
•	 The cholinesterase inhibitors donepezil and rivastigmine are currently being studied to alleviate PD psychosis.

References
Papers of special note have been highlighted as:  
• of interest; •• of considerable interest

1 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 55(3), 181–184 (1992).

2 Hughes AJ, Daniel SE, Lees AJ. Improved accuracy of 
clinical diagnosis of Lewy body Parkinson’s disease. 
Neurology 57(8), 1497–1499 (2001).

3 Marsden CD. The mysterious motor function of the basal 
ganglia: the Robert Wartenberg Lecture. Neurology 32(5), 
514–539 (1982).

4 Hely MA, Morris JG, Reid WG, Trafficante R. Sydney 
Multicenter Study of Parkinson’s disease: non-L-dopa-
responsive problems dominate at 15 years. Mov. Disord. 
20(2), 190–199 (2005).

5 Diederich NJ, Goetz CG, Stebbins GT. Repeated visual 
hallucinations in Parkinson’s disease as disturbed external/
internal perceptions: focused review and a new integrative 
model. Mov. Disord. 20(2), 130–140 (2005).

6 Williams DR, Lees AJ. Visual hallucinations in the diagnosis 
of idiopathic Parkinson’s disease: a retrospective autopsy 
study. Lancet Neurol. 4(10), 605–610 (2005).

7 Lee AH, Weintraub D. Psychosis in Parkinson’s disease 
without dementia: common and comorbid with other non-
motor symptoms. Mov. Disord. 27(7), 858–863 (2012).

8 Fenelon G, Goetz CG, Karenberg A. Hallucinations in 
Parkinson disease in the prelevodopa era. Neurology 66(1), 
93–98 (2006).

9 Diederich NJ, Goetz CG, Raman R, Pappert EJ, Leurgans S, 
Piery V. Poor visual discrimination and visual hallucinations 
in Parkinson’s disease. Clin. Neuropharmacol. 21(5), 289–295 
(1998).

10 Fenelon G, Mahieux F, Huon R, Ziegler M. Hallucinations 
in Parkinson’s disease: prevalence, phenomenology and risk 
factors. Brain 123 (Pt 4), 733–745 (2000).

11 Fenelon G, Thobois S, Bonnet AM, Broussolle E, Tison 
F. Tactile hallucinations in Parkinson’s disease. J. Neurol. 
249(12), 1699–1703 (2002).

12 Holroyd S, Currie L, Wooten GF. Prospective study of 
hallucinations and delusions in Parkinson’s disease. J. Neurol. 
Neurosurg. Psychiatry 70(6), 734–738 (2001).

13 Agid Y, Arnulf I, Bejjani P et al. Parkinson’s disease is a 
neuropsychiatric disorder. Adv. Neurol 91, 365–370 (2003).

14 Onofrj M, Taylor JP, Monaco D et al. Visual hallucinations 
in PD and Lewy body dementias: old and new hypotheses. 
Behav. Neurol. 27(4), 479–493 (2013).

15 Goetz CG, Stebbins GT, Ouyang B. Visual plus nonvisual 
hallucinations in Parkinson’s disease: development and 
evolution over 10 years. Mov. Disord. 26(12), 2196–2200 
(2011).

16 Katzen H, Myerson C, Papapetropoulos S, Nahab F, Gallo B, 
Levin B. Multi-modal hallucinations and cognitive function 
in Parkinson’s disease. Dement. Geriatr. Cogn. Disord. 30(1), 
51–56 (2010).

17 Fenelon G, Soulas T, Cleret de Langavant L, Trinkler I, 
Bachoud-Levi AC. Feeling of presence in Parkinson’s disease. 
J. Neurol. Neurosurg. Psychiatry 82(11), 1219–1224 (2011).

18 Lang AE, Lozano AM. Parkinson’s disease. Second of two 
parts. N. Engl. J. Med. 339(16), 1130–1143 (1998).

19 Kempster PA, O’Sullivan SS, Holton JL, Revesz T, Lees AJ. 
Relationships between age and late progression of Parkinson’s 
disease: a clinico-pathological study. Brain 133(Pt 6), 
1755–1762 (2010).

20 Connolly BS, Fox SH. Drug treatments for the 
neuropsychiatric complications of Parkinson’s disease. Expert 
Rev. Neurother. 12(12), 1439–1449 (2012).



898 Clin. Investig. (Lond.) (2014) 4(10) future science group

Clinical Trial Outcomes    Huynh & Huot

21 Merims D, Shabtai H, Korczyn AD, Peretz C, Weizman N, 
Giladi N. Antiparkinsonian medication is not a risk factor 
for the development of hallucinations in Parkinson’s disease. 
J. Neural. Transm. 111(10–11), 1447–1453 (2004).

22 Goetz CG, Pappert EJ, Blasucci LM et al. Intravenous 
levodopa in hallucinating Parkinson’s disease patients: high-
dose challenge does not precipitate hallucinations. Neurology 
50(2), 515–517 (1998).

23 Klawans HL, Jr, Weiner WJ. Attempted use of haloperidol 
in the treatment of L-dopa induced dyskinesias. J. Neurol. 
Neurosurg. Psychiatry 37(4), 427–430 (1974).

24 Rich SS, Friedman JH, Ott BR. Risperidone versus clozapine 
in the treatment of psychosis in six patients with Parkinson’s 
disease and other akinetic-rigid syndromes. J. Clin. 
Psychiatry. 56(12), 556–559 (1995).

25 Tarsy D, Parkes JD, Marsden CD. Metoclopramide and 
pimozide in Parkinson’s disease and levodopa-induced 
dyskinesias. J. Neurol. Neurosurg. Psychiatry 38(4), 331–335 
(1975).

26 Harding AJ, Broe GA, Halliday GM. Visual hallucinations 
in Lewy body disease relate to Lewy bodies in the temporal 
lobe. Brain 125(Pt 2), 391–403 (2002).

27 Kalaitzakis ME, Christian LM, Moran LB, Graeber 
MB, Pearce RK, Gentleman SM. Dementia and visual 
hallucinations associated with limbic pathology in 
Parkinson’s disease. Parkinsonism Relat. Disord. 15(3), 
196–204 (2009).

28 Ibarretxe-Bilbao N, Ramirez-Ruiz B, Tolosa E et al. 
Hippocampal head atrophy predominance in Parkinson’s 
disease with hallucinations and with dementia. J. Neurol. 
255(9), 1324–1331 (2008).

29 Ramirez-Ruiz B, Marti MJ, Tolosa E et al. Cerebral atrophy 
in Parkinson’s disease patients with visual hallucinations. 
Eur. J. Neurol. 14(7), 750–756 (2007).

30 Shin S, Lee JE, Hong JY, Sunwoo MK, Sohn YH, Lee PH. 
Neuroanatomical substrates of visual hallucinations in 
patients with non-demented Parkinson’s disease. J. Neurol. 
Neurosurg. Psychiatry 83(12), 1155–1161 (2012).

31 Goetz CG, Vaughan CL, Goldman JG, Stebbins GT. I finally 
see what you see: Parkinson’s disease visual hallucinations 
captured with functional neuroimaging. Mov. Disord. 29(1), 
115–117 (2014).

32 Hepp DH, Ruiter AM, Galis Y et al. Pedunculopontine 
cholinergic cell loss in hallucinating Parkinson disease 
patients but not in dementia with Lewy bodies patients. 
J. Neuropathol. Exp. Neurol. 72(12), 1162–1170 (2013).

33 Janzen J, van ‘t Ent D, Lemstra AW, Berendse HW, Barkhof 
F, Foncke EM. The pedunculopontine nucleus is related 
to visual hallucinations in Parkinson’s disease: preliminary 
results of a voxel-based morphometry study. J. Neurol. 
259(1), 147–154 (2012).

34 Boecker H, Ceballos-Baumann AO, Volk D, Conrad B, 
Forstl H, Haussermann P. Metabolic alterations in patients 
with Parkinson disease and visual hallucinations. Arch 
Neurol. 64(7), 984–988 (2007).

35 Oishi N, Udaka F, Kameyama M, Sawamoto N, Hashikawa 
K, Fukuyama H. Regional cerebral blood flow in Parkinson 

disease with nonpsychotic visual hallucinations. Neurology 
65(11), 1708–1715 (2005).

36 Okada K, Suyama N, Oguro H, Yamaguchi S, Kobayashi S. 
Medication-induced hallucination and cerebral blood flow in 
Parkinson’s disease. J. Neurol. 246(5), 365–368 (1999).

37 Nagano-Saito A, Washimi Y, Arahata Y et al. Visual 
hallucination in Parkinson’s disease with FDG PET. Mov. 
Disord. 19(7), 801–806 (2004).

38 Huot P, Johnston TH, Visanji NP et al. Increased levels 
of 5-HT1A receptor binding in ventral visual pathways in 
Parkinson’s disease. Mov. Disord. 27(6), 735–742 (2012).

39 Huot P, Johnston TH, Darr T et al. Increased 5-HT2A 
receptors in the temporal cortex of parkinsonian patients 
with visual hallucinations. Mov. Disord. 25(10), 1399–1408 
(2010).

40 Ballanger B, Strafella AP, van Eimeren T et al. Serotonin 2A 
receptors and visual hallucinations in Parkinson disease. Arch 
Neurol. 67(4), 416–421 (2010).

41 Gallagher DA, Parkkinen L, O’Sullivan SS et al. Testing an 
aetiological model of visual hallucinations in Parkinson’s 
disease. Brain 134(Pt 11), 3299–3309 (2011).

42 PubMed  
www.ncbi.nlm.nih.gov/pubmed 

43 The Michael J Fox Foundation for Parkinson’s Research  
www.michaeljfox.org 

44 Clinicaltrials.gov  
www.clinicaltrials.gov 

45 International Clinical Trials Registry Platform  
http://apps.who.int/trialsearch/ 

46 Current Controlled Trials  
www.controlled-trials.com 

47 Parkinson Pipeline Project  
www.pdpipeline.org 

48 Jordan S, Koprivica V, Chen R, Tottori K, Kikuchi T, Altar 
CA. The antipsychotic aripiprazole is a potent, partial 
agonist at the human 5-HT1A receptor. Eur. J. Pharmacol. 
441(3), 137–140 (2002).

49 Stark AD, Jordan S, Allers KA et al. Interaction of the 
novel antipsychotic aripiprazole with 5-HT1A and 5-HT 
2A receptors: functional receptor-binding and in vivo 
electrophysiological studies. Psychopharmacology (Berl) 
190(3), 373–382 (2007).

50 Burstein ES, Ma J, Wong S et al. Intrinsic efficacy of 
antipsychotics at human D2, D3 and D4 dopamine 
receptors: identification of the clozapine metabolite 
N-desmethylclozapine as a D2/D3 partial agonist. 
J. Pharmacol. Exp. Ther. 315(3), 1278–1287 (2005).

51 Lawler CP, Prioleau C, Lewis MM et al. Interactions 
of the novel antipsychotic aripiprazole (OPC-14597) 
with dopamine and serotonin receptor subtypes. 
Neuropsychopharmacology 20(6), 612–627 (1999).

52 Friedman JH, Berman RM, Goetz CG et al. Open-label 
flexible-dose pilot study to evaluate the safety and tolerability 
of aripiprazole in patients with psychosis associated with 
Parkinson’s disease. Mov. Disord. 21(12), 2078–2081 
(2006).



www.future-science.com 899future science group

Therapies under investigation for treating Parkinson’s disease psychosis    Clinical Trial Outcomes

53 Lopez-Meza E, Ruiz-Chow A, Ramirez-Bermudez J. 
Aripiprazole in psychosis associated with Parkinson’s disease. 
J. Neuropsychiatry Clin. Neurosci. 17(3), 421–422 (2005).

54 Mahgoub N, Hossain A. A 73-year-old woman with 
Parkinson’s disease, psychotic symptoms. Psychiatr. Ann. 36, 
598–602 (2006).

55 Connemann BJ, Schonfeldt-Lecuona C. Ziprasidone in 
Parkinson’s disease psychosis. Can. J. Psychiatry 49(1), 73 
(2004).

56 Fernandez HH, Trieschmann ME, Friedman JH. 
Aripiprazole for drug-induced psychosis in Parkinson disease: 
preliminary experience. Clin. Neuropharmacol. 27(1), 4–5 
(2004).

57 Ashby CR, Jr., Wang RY. Pharmacological actions of the 
atypical antipsychotic drug clozapine: a review. Synapse 
24(4), 349–394 (1996).

58 Bolden C, Cusack B, Richelson E. Clozapine is a potent and 
selective muscarinic antagonist at the five cloned human 
muscarinic acetylcholine receptors expressed in CHO-K1 
cells. Eur. J. Pharmacol. 192(1), 205–206 (1991).

59 Liegeois JF, Bruhwyler J, Damas J et al. Modulation of the 
clozapine structure increases its selectivity for the dopamine 
D4 receptor. Eur. J. Pharmacol. 273(3), R1–R3 (1995).

60 Richelson E, Souder T. Binding of antipsychotic drugs 
to human brain receptors focus on newer generation 
compounds. Life Sci. 68(1), 29–39 (2000).

61 Nordstrom AL, Farde L, Nyberg S, Karlsson P, Halldin 
C, Sedvall G. D1, D2, and 5-HT2 receptor occupancy in 
relation to clozapine serum concentration: a PET study of 
schizophrenic patients. Am. J. Psychiatry. 152(10), 1444–
1449 (1995).

62 Meltzer HY, Kennedy J, Dai J, Parsa M, Riley D. Plasma 
clozapine levels and the treatment of L-DOPA-induced 
psychosis in Parkinson’s disease. A high potency effect of 
clozapine. Neuropsychopharmacology 12(1), 39–45 (1995).

63 Seppi K, Weintraub D, Coelho M et al. The movement 
disorder society evidence-based medicine review update: 
treatments for the non-motor symptoms of Parkinson’s 
disease. Mov. Disord. 26 (Suppl. 3), S42–S80 (2011).

64 Parkinson Study Group. Low-dose clozapine for the 
treatment of drug-induced psychosis in Parkinson’s disease. 
The Parkinson Study Group. N. Engl. J. Med. 340(10), 
757–763 (1999). 

••	 Randomized,	double-blind,	placebo-controlled	Phase	III	
that	provided	evidence	of	anti-psychotic	efficacy	of	low-
dose	clozapine	to	treat	Parkinson’s	disease	psychosis.

65 French Clozapine Parkinson Study Group. Clozapine in 
drug-induced psychosis in Parkinson’s disease. The French 
Clozapine Parkinson Study Group. Lancet 353(9169), 
2041–2042 (1999). 

••	 Randomized,	double-blind,	placebo-controlled	Phase	III	
that	provided	evidence	of	anti-psychotic	efficacy	of	low-
dose	clozapine	to	treat	Parkinson’s	disease	psychosis.

66 Pollak P, Tison F, Rascol O et al. Clozapine in drug induced 
psychosis in Parkinson’s disease: a randomized, placebo-
controlled study with open follow up. J. Neurol. Neurosurg. 
Psychiatry 75(5), 689–695 (2004).

67 Alvir JM, Lieberman JA, Safferman AZ, Schwimmer JL, 
Schaaf JA. Clozapine-induced agranulocytosis. Incidence 
and risk factors in the United States. N. Engl. J. Med. 329(3), 
162–167 (1993).

68 Rudolf J, Grond M, Neveling M, Heiss WD. Clozapine-
induced agranulocytosis and thrombopenia in a patient with 
dopaminergic psychosis. J. Neural. Transm. 104(11–12), 
1305–1311 (1997).

69 Birks J, Harvey RJ. Donepezil for dementia due to 
Alzheimer’s disease. Cochrane Database Syst. Rev. (1), 
CD001190 (2006).

70 Jann MW. Rivastigmine, a new-generation cholinesterase 
inhibitor for the treatment of Alzheimer’s disease. 
Pharmacotherapy 20(1), 1–12 (2000).

71 Marco-Contelles J, do Carmo Carreiras M, Rodriguez C, 
Villarroya M, Garcia AG. Synthesis and pharmacology of 
galantamine. Chem. Rev. 106(1), 116–133 (2006).

72 US Food and Drug Administration. FDA Approves the First 
Treatment for Dementia of Parkinson’s Disease.  
www.fda.gov/newsevents/newsroom/

73 Bullock R, Cameron A. Rivastigmine for the treatment 
of dementia and visual hallucinations associated with 
Parkinson’s disease: a case series. Curr. Med. Res. Opin. 
18(5), 258–264 (2002).

74 Burn D, Emre M, McKeith I et al. Effects of rivastigmine in 
patients with and without visual hallucinations in dementia 
associated with Parkinson’s disease. Mov. Disord. 21(11), 
1899–1907 (2006).

•	 Randomized,	double-blind,	placebo-controlled	trial	that	
provided	evidence	of	anti-psychotic	efficacy	of	rivastigmine	
to	treat	Parkinson’s	disease	psychosis.

75 Fabbrini G, Barbanti P, Aurilia C, Pauletti C, Lenzi GL, Meco 
G. Donepezil in the treatment of hallucinations and delusions 
in Parkinson’s disease. Neurol. Sci. 23(1), 41–43 (2002).

76 Bergman J, Lerner V. Successful use of donepezil for the 
treatment of psychotic symptoms in patients with Parkinson’s 
disease. Clin. Neuropharmacol. 25(2), 107–110 (2002).

77 Kurita A, Ochiai Y, Kono Y, Suzuki M, Inoue K. The 
beneficial effect of donepezil on visual hallucinations in 
three patients with Parkinson’s disease. J. Geriatr. Psychiatry 
Neurol. 16(3), 184–188 (2003).

78 Minett TS, Thomas A, Wilkinson LM et al. What happens 
when donepezil is suddenly withdrawn? An open label trial 
in dementia with Lewy bodies and Parkinson’s disease with 
dementia. Int. J. Geriatr. Psychiatry 18(11), 988–993 (2003).

79 Litvinenko IV, Odinak MM, Mogil’naia VI, Emelin A. 
Efficacy and safety of galantamine (reminyl) in the treatment 
of dementia in patients with Parkinson’s disease (open-label 
controlled trial). Zh. Nevrol. Psikhiatr. Im. S. S. Korsakova 
107(12), 25–33 (2007).

80 Litvinenko IV, Krasakov IV, Tikhomirova OV. Sleep 
disorders in patients with dementia in Parkinson’s disease. Zh. 
Nevrol. Psikhiatr. Im. S. S. Korsakova 111(9), 37–42 (2011).

81 Aarsland D, Hutchinson M, Larsen JP. Cognitive, psychiatric 
and motor response to galantamine in Parkinson’s disease 
with dementia. Int. J. Geriatr. Psychiatry 18(10), 937–941 
(2003).

www.fda.gov/newsevents/newsroom/pressannouncements/2006/ucm108680.htm 


900 Clin. Investig. (Lond.) (2014) 4(10) future science group

Clinical Trial Outcomes    Huynh & Huot

82 Dale MC, Libretto SE, Patterson C et al. Clinical experience 
of galantamine in dementia: a series of case reports. Curr. 
Med. Res. Opin. 19(6), 508–518 (2003).

83 Grace J, Amick MM, Friedman JH. A double-blind 
comparison of galantamine hydrobromide ER and placebo 
in Parkinson disease. J. Neurol. Neurosurg. Psychiatry 80(1), 
18–23 (2009).

84 Litvinenko IV, Odinak MM, Mogil’naya VI, Emelin AY. 
Efficacy and safety of galantamine (reminyl) for dementia in 
patients with Parkinson’s disease (an open controlled trial). 
Neurosci. Behav. Physiol. 38(9), 937–945 (2008).

85 Huot P, Fox SH. Nondopaminergic treatments for 
Parkinson’s disease. Neurodegen. Dis. Manage. 1(6), 491–512 
(2011).

86 Oertel W, Poewe W, Wolters E et al. Effects of rivastigmine 
on tremor and other motor symptoms in patients with 
Parkinson’s disease dementia: a retrospective analysis of a 
double-blind trial and an open-label extension. Drug Saf. 
31(1), 79–94 (2008).

87 Thomas AJ, Burn DJ, Rowan EN et al. A comparison of the 
efficacy of donepezil in Parkinson’s disease with dementia 
and dementia with Lewy bodies. Int. J. Geriatr. Psychiatry. 
20(10), 938–944 (2005).

88 Leroi I, Brandt J, Reich SG et al. Randomized placebo-
controlled trial of donepezil in cognitive impairment in 
Parkinson’s disease. Int. J. Geriatr. Psychiatry. 19(1), 1–8 
(2004).

89 Ott BR, Lannon MC. Exacerbation of parkinsonism by 
tacrine. Clin. Neuropharmacol. 15(4), 322–325 (1992).

90 Sawada H, Oeda T. Protocol for a randomised controlled 
trial: efficacy of donepezil against psychosis in Parkinson’s 
disease (EDAP). BMJ Open 3(9), e003533 (2013).

91 Werber EA, Rabey JM. The beneficial effect of 
cholinesterase inhibitors on patients suffering from 
Parkinson’s disease and dementia. J. Neural. Transm. 
108(11), 1319–1325 (2001).

92 Hutchinson M, Fazzini E. Cholinesterase inhibition in 
Parkinson’s disease. J. Neurol. Neurosurg. Psychiatry 61(3), 
324–325 (1996).

93 Mehta M, Adem A, Sabbagh M. New acetylcholinesterase 
inhibitors for Alzheimer’s disease. Intl J. Alzheimer’s dis. 
728983 (2012) (2012).

94 Seeman P, Corbett R, Van Tol HH. Atypical neuroleptics 
have low affinity for dopamine D2 receptors or are selective 
for D4 receptors. Neuropsychopharmacology 16(2), 93–110 
(1997).

95 Barbato L, Monge A, Stocchi F, Nordera G. Melperone in 
the treatment of iatrogenic psychosis in Parkinson’s disease. 
Funct. Neurol. 11(4), 201–207 (1996).

96 Friedman JH. Melperone is ineffective in treating Parkinson’s 
disease psychosis. Mov. Disord. 27(6), 803–804 (2012).

97 Cornish-Bowden A. A simple graphical method 
for determining the inhibition constants of mixed, 
uncompetitive and noncompetitive inhibitors. Biochem. J. 
137(1), 143–144 (1974).

98 Chen HS, Lipton SA. Mechanism of memantine block of 
NMDA-activated channels in rat retinal ganglion cells: 

uncompetitive antagonism. J. Physiol. 499 (Pt 1), 27–46 
(1997).

99 Werling LL, Keller A, Frank JG, Nuwayhid SJ. A comparison 
of the binding profiles of dextromethorphan, memantine, 
fluoxetine and amitriptyline: treatment of involuntary 
emotional expression disorder. Exp. Neurol. 207(2), 248–257 
(2007).

100 Emre M, Tsolaki M, Bonuccelli U et al. Memantine for 
patients with Parkinson’s disease dementia or dementia 
with Lewy bodies: a randomized, double-blind, placebo-
controlled trial. Lancet Neurol. 9(10), 969–977 (2010).

101 Leroi I, Overshott R, Byrne EJ, Daniel E, Burns A. 
Randomized controlled trial of memantine in dementia 
associated with Parkinson’s disease. Mov. Disord. 24(8), 
1217–1221 (2009).

102 Aarsland D, Ballard C, Walker Z et al. Memantine in 
patients with Parkinson’s disease dementia or dementia with 
Lewy bodies: a double-blind, placebo-controlled, multicentre 
trial. Lancet Neurol. 8(7), 613–618 (2009).

103 Riederer P, Lange KW, Kornhuber J, Danielczyk W. 
Pharmacotoxic psychosis after memantine in Parkinson’s 
disease. Lancet 338(8773), 1022–1023 (1991).

104 de Boer TH, Maura G, Raiteri M, de Vos CJ, Wieringa J, 
Pinder RM. Neurochemical and autonomic pharmacological 
profiles of the 6-aza-analogue of mianserin, Org 3770 and its 
enantiomers. Neuropharmacology 27(4), 399–408 (1988).

105 Ikeguchi K, Kuroda A. Mianserin treatment of patients with 
psychosis induced by antiparkinsonian drugs. Eur. Arch. 
Psychiatry Clin. Neurosci. 244(6), 320–324 (1995).

106 Fujimoto K, Kawakami T, Ikeguchi K, Nakano I. Safety and 
efficacy of mianserine on psychosis in Parkinson’s disease. 
Mov. Disord. 23(Suppl.1), Abstract S214 (2008).

107 Anttila SA, Leinonen EV. A review of the pharmacological 
and clinical profile of mirtazapine. CNS Drug Rev. 7(3), 
249–264 (2001).

108 de Boer T. The pharmacologic profile of mirtazapine. J. Clin. 
Psychiatry. 57(Suppl. 4), 19–25 (1996).

109 Normann C, Hesslinger B, Frauenknecht S, Berger M, 
Walden J. Psychosis during chronic levodopa therapy 
triggered by the new antidepressive drug mirtazapine. 
Pharmacopsychiatry 30(6), 263–265 (1997).

110 Onofrj M, Luciano AL, Thomas A, Iacono D, 
D’Andreamatteo G. Mirtazapine induces REM sleep 
behavior disorder (RBD) in parkinsonism. Neurology 60(1), 
113–115 (2003).

111 Tagai K, Nagata T, Shinagawa S, Tsuno N, Ozone M, 
Nakayama K. Mirtazapine improves visual hallucinations 
in Parkinson’s disease: a case report. Psychogeriatrics 13(2), 
103–107 (2013).

112 Nagata T, Shinagawa S, Tagai K, Nakayama K. A case in 
which mirtazapine reduced auditory hallucinations in a 
patient with Parkinson disease. Int Psychogeriatr. 25 (7), 
1199–1201 (2013).

113 Nagata T, Shinagawa S, Tagai K, Nakayama K. A case in 
which mirtazapine reduced auditory hallucinations in a 
patient with Parkinson disease. Int. Psychogeriatr. 25(7), 
1199–1201 (2013).



www.future-science.com 901future science group

Therapies under investigation for treating Parkinson’s disease psychosis    Clinical Trial Outcomes

114 Godschalx-Dekker JA, Siegers HP. Reduction of 
Parkinsonism and psychosis with mirtazapine: a case report. 
Pharmacopsychiatry 47(3), 81–83 (2014).

115 Bymaster FP, Falcone JF, Bauzon D et al. Potent antagonism 
of 5-HT(3) and 5-HT(6) receptors by olanzapine. Eur. J. 
Pharmacol. 430(2–3), 341–349 (2001).

116 van Wijngaarden I, Hamminga D, van Hes R et al. 
Development of high-affinity 5-HT3 receptor antagonists. 
Structure-affinity relationships of novel 1,7-annelated indole 
derivatives. J. Med. Chem., 36(23), 3693–3699 (1993).

117 Zoldan J, Friedberg G, Goldberg-Stern H, Melamed E. 
Ondansetron for hallucinosis in advanced Parkinson’s 
disease. Lancet 341(8844), 562–563 (1993).

•	 An	open-label	trial	that	suggested	that	antagonising	
5-HT

3
	receptors	with	ondansetron	effectively	alleviates	

Parkinson’s	disease	psychosis.

118 Zoldan J, Friedberg G, Weizman A, Melamed E. 
Ondansetron, a 5-HT3 antagonist for visual hallucinations 
and paranoid delusional disorder associated with chronic 
L-DOPA therapy in advanced Parkinson’s disease. Adv. 
Neurol. 69, 541–544 (1996).

119 Zoldan J, Friedberg G, Livneh M, Melamed E. Psychosis in 
advanced Parkinson’s disease: treatment with ondansetron, 
a 5-HT3 receptor antagonist. Neurology 45(7), 1305–1308 
(1995).

120 Eichhorn TE, Brunt E, Oertel WH. Ondansetron treatment 
of L-dopa-induced psychosis. Neurology 47(6), 1608–1609 
(1996).

121 Koh SB, Park KW, Lee DH. Psychosis in Parkinson. 
J. Korean Soc. Biol. Psychiatry. 4(1), 132–135 (1997).

122 Kazunori O, Nobuo S, Akira S, Atsushi N, Shuhei Y, Shotai 
K. The effects of ondansetron, a 5-HT3 receptor antagonist, 
on medication-induced hallucinations in Parkinson’s disease. 
Neurol. Ther 16(5), 647–651 (1999).

123 Friedberg G, Zoldan J, Weizman A, Melamed E. Parkinson 
Psychosis Rating Scale: a practical instrument for grading 
psychosis in Parkinson’s disease. Clin. Neuropharmacol. 
21(5), 280–284 (1998).

124 Onofrj M, Thomas A, Bonanni L. New approaches to 
understanding hallucinations in Parkinson’s disease: 
phenomenology and possible origins. Expert Rev. Neurother. 
7(12), 1731–1750 (2007).

125 Li Z, Ichikawa J, Huang M, Prus AJ, Dai J, Meltzer HY. 
ACP-103, a 5-HT2A/2C inverse agonist, potentiates 
haloperidol-induced dopamine release in rat medial 
prefrontal cortex and nucleus accumbens. Psychopharmacology 
(Berl) 183(2), 144–153 (2005).

126 Vanover KE, Weiner DM, Makhay M et al. Pharmacological 
and behavioral profile of N-(4-fluorophenylmethyl)-N-
(1-methylpiperidin-4-yl)-N’-(4-(2-methylpropylo xy)
phenylmethyl) carbamide (2R,3R)-dihydroxybutanedioate 
(2:1) (ACP-103), a novel 5-hydroxytryptamine(2A) receptor 

inverse agonist. J. Pharmacol. Exp. Ther. 317(2), 910–918 
(2006).

127 Meltzer HY, Mills R, Revell S et al. Pimavanserin, a 
serotonin(2A) receptor inverse agonist, for the treatment 
of Parkinson’s disease psychosis. Neuropsychopharmacology 
35(4), 881–892 (2010).

128 Cummings J, Isaacson S, Mills R et al. Pimavanserin for 
patients with Parkinson’s disease psychosis: a randomised, 
placebo-controlled phase 3 trial. Lancet 383(9916), 533–540 
(2014).

••	 Randomized,	double-blind,	placebo-controlled	Phase	
III	that	provided	evidence	of	anti-psychotic	efficacy	of	
pimavanserin	to	treat	Parkinson’s	disease	psychosis.

129 Schotte A, Janssen PF, Gommeren W et al. Risperidone 
compared with new and reference antipsychotic drugs: in 
vitro and in vivo receptor binding. Psychopharmacology (Berl) 
124(1–2), 57–73 (1996).

130 Huot P, Fox SH, Brotchie JM. The serotonergic system in 
Parkinson’s disease. Prog. Neurobiol. 95(2), 163–212 (2011).

131 Wang MT, Lian PW, Yeh CB, Yen CH, Ma KH, Chan 
AL. Incidence, prescription patterns, and determinants of 
antipsychotic use in patients with Parkinson’s disease. Mov. 
Disord. 26(9), 1663–1669 (2011).

132 Weintraub D, Chen P, Ignacio RV, Mamikonyan E, Kales 
HC. Patterns and trends in antipsychotic prescribing for 
Parkinson disease psychosis. Arch Neurol. 68(7), 899–904 
(2011).

133 Tsai G, Lane HY, Yang P, Chong MY, Lange N. Glycine 
transporter I inhibitor, N-methylglycine (sarcosine), added 
to antipsychotics for the treatment of schizophrenia. Biol. 
Psychiatry 55(5), 452–456 (2004).

134 Lane HY, Huang CL, Wu PL et al. Glycine transporter I 
inhibitor, N-methylglycine (sarcosine), added to clozapine 
for the treatment of schizophrenia. Biol. Psychiatry 60(6), 
645–649 (2006).

135 Tsai CH, Huang HC, Liu BL et al. Activation of N-methyl-
D-aspartate receptor glycine site temporally ameliorates 
neuropsychiatric symptoms of Parkinson’s disease with 
dementia. Psychiatry Clin. Neurosci. Doi: 10.1111/pcn.12175 
(2014) (Epub ahead of print).

136 Bymaster FP, Calligaro DO, Falcone JF et al. Radioreceptor 
binding profile of the atypical antipsychotic olanzapine. 
Neuropsychopharmacology 14(2), 87–96 (1996).

137 Ford B, Lynch T, Greene P. Risperidone in Parkinson’s 
disease. Lancet 344(8923), 681 (1994).

138 Micheli F, Taubenslag N, Gatto E, Scorticati MC. 
Ziprasidone and psychosis in Parkinson disease. Clin. 
Neuropharmacol. 28(5), 254 (2005).

139 Ellis T, Cudkowicz ME, Sexton PM, Growdon JH. 
Clozapine and risperidone treatment of psychosis in 
Parkinson’s disease. J. Neuropsychiatry Clin. Neurosci. 12(3), 
364–369 (2000).


