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Abstract Psychosis in Parkinson’s disease (PD) is one of the
greatest determinants of nursing home placement and caregiv-
er stress. Traditionally associated with medications with do-
paminergic effect, it has now been linked to other medications
and other stressors e.g. systemic illnesses. The development of
hallucinations in a PD patient can herald the onset of dementia
and usually predicts increased mortality risk. Medication re-
duction in PD psychosis usually reduces the symptoms; how-
ever, this comes at the cost of worsening motor function. If
gradually decreasing the patient’s medications does not re-
solve the psychosis, the treatment of choice is an atypical
antipychotic. Though only clozapine has level A recommen-
dation for this indication, other atypicals like quetiapine con-
tinue to get used for this purpose on account of the logistics
involved with clozapine use. Cholinesterase inhibitors are also
increasingly being used for PD psychosis on account of the
association with dementia. The treatment of PD psychosis is
an unmet need in PD management and search for suitable
agents constitutes an active area of research in PD.

Keywords Parkinson’s disease . Psychosis . Hallucinations .

Atypical antipsychotics

Introduction

Parkinson’s disease (PD) is now recognized as a multifaceted
disorder manifesting with the well-elucidated motor features
and the more recently recognized non-motor features which
include cognitive, behavioural, psychiatric and autonomic
complications. These cognitive and behavioural features are
often deemed more disabling and distressing to both patients
and their caregivers than the cardinal motor features that de-
fine the disorder [1, 2].

The behavioural features of PD are now recognized as the
greatest determinants of caregiver stress [3•, 4, 5], poor quality
of life [6, 7] and risk for nursing home placement [8, 9].

Psychosis is one of themost clinically significant behavioural/
neuropsychiatric problems in PD because of its relation to poor
outcomes. In particular, the presence of psychosis predicts insti-
tutionalization or nursing home placement [8, 10], increased
caregiver burden [11] and increased mortality [8, 10].

The recognition and treatment of PD psychosis is important
in the optimal management of the PD patient and its definitive
treatment has been consistently described as one of the
greatest unmet needs in management of PD [3•].

Initial reports of PD psychosis claimed that it was uncommon
in the non-demented PD population and occurred mainly in re-
lation to PD medication use [12]. Very early reports of halluci-
nations and/or psychosis in PD dating back to the late nineteenth/
early twentieth century were also confusing because of the
lumping together of cases of post-encephalitic parkinsonism
(PEP) with idiopathic PD cases. Behavioural abnormalities and
hallucinations were common in cases of PEP.
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It is now known that antiparkinsonian medications (in ad-
dition to other medications) are but one of the factors involved
in the development of PD psychosis. This review article in-
tends to define PD psychosis, describe its features, explore the
current pathophysiology and discuss current trends in the
management.

PD Psychosis: Phenomenology and Definitions

PD psychosis is characterized by a constellation of clinical
features that are different from those seen in other primary
psychotic conditions e.g. schizophrenia. The characteristic
features are hallucinations, illusions and delusions occurring
usually in the context of a clear sensorium and, often but not
always, retained insight [13, 14]. Hallucinations are defined as
sensory phenomena not induced by physical stimuli and
which can occur in any of the sensory modalities; visual, au-
ditory, tactile, olfactory or gustatory; in the context of PD
psychosis, they are mainly visual. Illusions are altered percep-
tions of actual physical stimuli while delusions are fixed false
beliefs despite evidence to the contrary.

The hallucinations in PD psychosis are usually visual [15]
(although hallucinations in other modalities also occur), ste-
reotyped and have recently been classified into minor and
non-minor categories.

Minor hallucinations [16] are passage hallucinations
[15] (typically characterized by fleeting shadows in the
visual periphery), presence hallucinations [15] (i.e. Bsense
of presence^ hallucinations, which is somewhat of a mis-
nomer considering it is the perception that another person
is in the same room with the patient or behind the patient)
and illusions. Visual hallucinations tend to be well formed,
complex, recurrent [15, 17–19] and are the most common
form of hallucinations in PD. They tend to occur with low
levels of visual stimulation e.g. in dim lighting, in the eve-
nings and when patient is alone. Delusions typically man-
ifest as phantom boarder phenomenon or with paranoid
delusions of spousal infidelity and abandonment, which
often co-occur with hallucinations [20].

In the last decade, new criteria for the diagnosis of PD
psychosis have been provided by the National Institute of
Neurologic Disorders and Stroke and National Institute of
Mental Health (NINDS/NIMH) working group [15]. The re-
vised criteria require the occurrence of at least one of the
following after the onset of PD: hallucinations, illusions, sense
of presence or delusions; occurring continuously for 1 month
or recurrently; with symptoms not being better accounted for
by other causes of parkinsonism (e.g. dementia with Lewy
bodies [DLB]) or a psychiatric disorder. The criteria also in-
dicate specifying if symptoms of psychosis occur in the pres-
ence or absence of the following: retained insight, medication
to treat PD and dementia.

Epidemiology

The estimated prevalence of PD psychosis varies considerably
due to differences in the methodology employed across stud-
ies, specifically the definition of the study sample as well as
the symptomatology studied. In a recent review of epidemio-
logic studies on PD psychosis, Fenelon and Alves [21••] esti-
mated the lifetime prevalence of a PD patient developing vi-
sual hallucinations at 50%. In a 2010 study of 116 PD patients
followed at a movement disorders clinic employing the new
criteria, prevalence of PD psychosis was 43 % when the usual
definition of hallucinations +/− delusions was used, and this
increased to 60 % when the NINDS/NIMH definition was
used [22••]. In a community-based sample of 250 PD patients
but with MMSE greater than 23, Mack et al. [23] studied the
prevalence of psychotic symptoms and retrospectively applied
the more recent NINDS/NIMH criteria to those with psychotic
symptoms. Of this sample, 26 % were experiencing psychotic
symptoms at the time of study, and 90.8 % of the cohort
fulfilled the new criteria. Employing a modified psychosis
rating scale, Lee and Weintrub [24] studied 191 non-
demented PD patients as part of a larger study of frequency
and correlates of psychiatric and cognitive disorders in PD. In
their cohort, 21.5 % had psychotic symptoms.

While the use of dopaminergic medications was the first fac-
tor associated with the development of PD psychosis, other fac-
tors had been associated with this condition in the last two de-
cades, namely increasing age, disease duration and severity, pres-
ence of other non-motor symptoms especially depression, cogni-
tive impairment and dementia and sleep disturbances [14, 15].

Pathophysiology

Initially PD psychosis was thought to arise solely as a side
effect of medications, especially dopaminergic medications.
That view was brought into question with the finding that
PD psychosis also occurs in patients with PD who have never
been [12, 25•] exposed to dopaminergic medications. The
current view in the scientific community is that PD psychosis
occurs from a complex interaction of many factors—some of
which are inherent to the disease process and others that are
extrinsic/iatrogenic [20, 26].

Medications—Initial concepts regarding the pathophysiol-
ogy of PD psychosis were centred solely on the relationship of
dopaminergic medications, especially the dopamine agonists,
with the development of psychosis [27, 28]. However, this
concept has been challenged as there is no relationship to dose
or duration of dopaminergic medication to psychosis [29, 30]
and other drugs such as anticholinergics [31] and amantadine
[32] have been implicated in causing/triggering PD psychosis.
There are also reports of psychotic symptoms, specifically
hallucinations, occurring in patients with PD who are levodo-
pa-naïve [25•] and prior to the levodopa era [12]. It is well
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known that dopamine receptor agonists such as cocaine can
induce psychotic symptoms [33, 34]. Chronic stimulation of
the dopamine receptors in the nigrostriatal pathway leading to
hypersensitization of the receptors and dysfunction of limbic
structures has been theorized to be the mechanism by which
antiparkinsonian medications increase susceptibility to devel-
opment of psychosis [34, 35]. The resulting dysfunction
causes internal stimuli to be attributed to coming from the
external environment [34, 35].

Factors involved in the pathogenesis of PD psychosis that are
intrinsic to the disease process include deficits in visual process-
ing, neurochemical abnormalities and sleep dysfunction.

Visual processing deficits—Impairment in visual process-
ing in addition to ocular pathology have been implicated in the
development of hallucinations in PD patients [36, 37•, 38, 39].
Deficits such as reduced visual acuity [17], deficits in colour
and contrast recognition [40] and ocular pathology such as
cataracts, glaucoma and retinal disease [15] have been associ-
ated with visual hallucinations in PD.

Sleep disorders—PD psychosis has been linked to sleep
disturbances and it has even been suggested that visual hallu-
cinations are actually a partial syndrome of REM sleep behav-
iour disorder [3•, 41]. It is well known that sleep disturbances,
such as insomnia and daytime somnolence, are common in
PD; it has been postulated that these sleep disturbances result
in altered dreams which subsequently lead to daytime hallu-
cinations and delusions [34].

Neurochemical abnormalities—Apart from the well-
known effects of dopamine in causing psychosis, other neu-
rotransmitters have also been implicated in the emergence of
psychotic symptoms especially serotonin and acetylcholine
[42]. It is recognized that the use of anticholinergic medica-
tions to treat motor symptoms of PD can precipitate psychotic
symptoms. The occurrence of a cholinergic deficit in PD has
been known for quite some time, especially in the nucleus
basalis of Meynert [43] and this deficit occurs more in PD
with cognitive impairment and dementia [44]. Furthermore,
a cholinergic deficit has been linked to psychosis in DLB [45].
The implication of serotonin in the pathogenesis of PD psy-
chosis comes from observations that serotonergic agonists in-
duce delirium and psychosis [46] while medications known to
reduce serotonergic activity alleviate psychotic symptoms
[47]. Generally, it will seem that the dysregulation of a com-
bination of neurotransmitter systems results in PD psychosis.

Structural abnormalities—The deposition of Lewy bodies
has been identified as a risk factor of for PD psychosis [48].

Management

The principles of management of PD psychosis include gen-
eral management and specific treatment of the psychotic
symptoms. The development of psychosis in the early stages
of a PD diagnosis or within a short period of starting levodopa

therapy could be due to the prior existence of a psychiatric
disorder or an alternate parkinsonian syndrome such as DLB.
A study by Goetz et al. showed that patients who had hallu-
cinations within 3 months of initiating levodopa therapy were
eventually found to carry a diagnosis other than, or in addition
to PD, that would account for their psychotic symptoms [49].

General management involves evaluating and treating under-
lying medical conditions that can precipitate symptoms of psy-
chosis; e.g. infections, especially urinary and pulmonary infec-
tions, which in elderly people could be occult; presence of met-
abolic and endocrine derangements; and cerebral hypoperfusion
states [50]. Psychosocial stressors should also be explored [50].
A review of the patient’s medications should be undertaken as
polypharmacy has been found to be an independent risk factor
for development of PD psychosis [14, 51]. Medications includ-
ing sedative hypnotics, anxiolytics, anticholinergics (which may
be given for control of bladder symptoms) and antidepressants
may need to be reduced or eliminated where possible.

After ruling out any underlying or contributing somatic
illness, or the effect of non-dopaminergic medications, one
of the most effective strategies in the treatment of PD psycho-
sis is a systematic reduction in antiparkinsonian medications.
Researchers agree on the strategy of gradually decreasing anti-
PD medications in the following order: anticholinergics,
amantadine, monoamine oxidase B (MAO-B) inhibitors, do-
pamine agonists, catechol-O-methyltransferase (COMT) in-
hibitors and, if still needed, levodopa [52]. The short-acting
formulation of levodopa is typically favoured over the long-
acting or sustained-release formulations because of the lower
risk of accumulation of adverse effects with the former [34]. If
the reduction of antiparkinsonian medications to the lowest
bearable dose without worsening of motor symptoms does
not improve the psychosis, the addition of an antipsychotic
agent should be considered [34].

Antipsychotic Agents for Treatment of PD Psychosis

The atypical antipsychotic agents have been the treatment of
choice for managing PD psychosis for some years; this is
despite a US Food and Drug Administration (FDA) mandate
on black box labelling stating that these medications are asso-
ciated with higher risk of mortality when used in elderly pa-
tients with dementia [53]. However, despite the well-
described risk of motor deterioration with the use of many of
the atypical antipsychotics other than clozapine and
quetiapine, and all of the first-generation or typical antipsy-
chotics, a recent review by Weintraub et al. [54••] on drug
utilization of a large cohort of PD amongUS veterans revealed
that clinicians rarely prescribed clozapine—currently the most
efficacious treatment for PD-Psych.Moreover, clinicians were
frequently prescribing other atypical antipsychotics that could
cause motor worsening such as olanzapine and risperidone
and even occasionally prescribed first-generation or typical
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antipsychotic agents which carry the highest probability of
extrapyramidal effects.

The Quality Standards Subcommittee of the American
Academy of Neurology (AAN) released that clozapine im-
proves psychosis (level B recommendation) and results in
improved motor function in some cases while quetiapine pos-
sibly improves PD psychosis (level C recommendation),
while olanzapine does not improve psychosis and is likely to
worsen motor function [55]. The Movement Disorder Society
(MDS) review committee on evidence-based medicine [56]
published that as of 2011 only clozapine was efficacious in
the treatment of PD psychosis and had convincing beneficial
evidence (level A recommendation).

Clozapine

Although the first reports of clozapine use in PD psychosis
were published as early as 1978 [57, 58], it did not become the
standard agent for treatment until 1991 [27, 58]. Clozapine is a
dibenzodiazepine derivative and, according to a meta-analy-
sis, is the only antipsychotic unequivocally recommended for
the treatment of drug-induced psychosis in PD [59] although
not approved by the FDA for this indication. Clozapine selec-
tively binds D1 mesolimbic receptors, sparing striatal dopa-
mine D2 receptors and also has a greater affinity for serotonin
5HT-2A/2C receptors resulting in little to no effect on motor
symptoms in PD.

The efficacy and tolerability of clozapine in PD has been
repeatedly demonstrated in both double-blind and open-label
studies. Two landmark studies published almost simulta-
neously in the USA [60] and Europe [61] in 1999 demonstrat-
ed significant improvement in symptoms of psychosis while
reporting no significant decline in motor function. There was
also an additional improvement in tremor noted.

Effective doses for PD psychosis are much lower than that
used in the treatment of schizophrenia; therapeutic benefit was
observed in doses as low as 6.25 mg/day [61] while the mean
dose in the US studywas 25mg/day [60]. Noteworthy is the fact
that the first double-blind controlled trial on use of clozapine in
PD-Psych was a negative study and had to be aborted [62]. A
retrospective explanation given for the lack of a benefit in this
study was the fact that the investigators employed doses and
titration used in the treatment of refractory schizophrenia which
resulted in excessive sedation, which could not be tolerated by
elderly frail subjects [58] that typify the PD-Psych cohort.

A retrospective analysis reported that clozapine continues to
be effective and safe in the long term [63] while a 5-year follow-
up study revealed that 28 % (9 of 32) of PD discontinued treat-
ment on account of resolution of the psychotic symptoms while
9 % (3 of 32) discontinued use of clozapine because of somno-
lence [64]. Despite the unequivocal demonstration of clozapine’s
efficacy, clinicians still avoid using it because of its potential for
causing agranulocytosis which is idiosyncratic in nature.

Because of this, product labelling states clozapine use should
be accompanied by weekly white cell count (WCC) monitoring
for the first 6 months, then bi-weekly for the next 6 months and
monthly monitoring thereafter. Other adverse effects of cloza-
pine include orthostatic hypotension, sedation and sialorrhea
[65], all of which can worsen the clinical state of the PD patient.
Associations of clozapine with the metabolic syndrome which
have been previously documented in schizophrenia have not
been reported in PD.

Quetiapine

Quetiapine is a dibenzothiazepine which is structurally similar
to clozapine [66]. It has greater affinity for serotonergic 5HT2
receptors than to D2 receptors which confers a favourable
motor profile in PD but not as favourable as that of clozapine.
Recent clinical trials on use of quetiapine in PD psychosis
have given conflicting data—two double-blind trials of
quetiapine in PD reported no significant improvement in psy-
chosis [67, 68], a third double-blind trial showed quetiapine’s
efficacy versus placebo in controlling visual hallucinations in
PD [69] while a fourth double-blind trial that compared
quetiapine and clozapine showed a significant improvement
in psychosis in both groups with no difference in mean im-
provement between the two groups [70]. Currently, there is
insufficient evidence on the efficacy of quetiapine for the
treatment of PD psychosis although strong evidence exists
that it did not significantly worsen motor function. Despite
its level C evidence label, quetiapine has become the de facto
first line treatment in PD psychosis instead of clozapine on
account of its more favourable side effect profile, ease of use
and lack of need for blood monitoring. However, it commonly
causes sedation (and therefore has been used also as a treat-
ment for insomnia) and worsen orthostatic hypotension.

Pimavanserin

Pimavanserin is an emerging agent in the treatment of PD
psychosis. It is a 5-HT2A inverse agonist (which acts as a
serotonin antagonist) with negligible action at dopamine D2
receptors [71]. It has been reported to relieve PD psychosis
without deterioration in motor symptoms [72]. In a random-
ized, double-blind, placebo-controlled trial over a 6-week pe-
riod, pimavanserin at a dose of 40 mg/day was compared to
placebo. Pimavanserin met the primary endpoints of improve-
ment in the modified Scale for Assessment of Positive
Symptoms PD (SAPS-PD) and also met secondary endpoints
of improvements in sleep, daytime somnolence and caregiver
burden [73••]. OnAugust 13, 2014, pimavanserin was granted
the status of breakthrough therapy by the US Food and Drug
Administration (USFDA) [74] while on April 29, 2016 it was
approved by the FDA to treat hallucinations and delusions
experienced by patients living with PD psychosis [75].
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Other Atypical/Second-Generation Antipsychotics

Due to dopamine blockade most of the other members of this
class of drugs should be avoided in the treatment of PD psy-
chosis. Although aripiprazole is a partial dopamine agonist/
antagonist, available data suggests a variable efficacy and tol-
erability in PD, with a higher risk of adverse events especially
motor worsening [76, 77]. Olanzapine also causes significant
decline in motor symptoms with, at best, inconsistent im-
provement in PD psychosis [78, 79].

Most trials with risperidone in PD are open-label and the
only double-blind study of risperidone versus clozapine did
not reveal a difference in mean improvement between the two
groups [80]. A review of the open-label studies with atypical
antipsychotics found significant improvement in PD-Psych
overall; however, reports of adverse events regarding motor
function vary across studies [14].

Cholinesterase Inhibitors for the Treatment of PD
Psychosis

Cholinesterase inhibitors have been studied in the treatment of
chronic PD psychosis symptoms. There are no large double
blind placebo-controlled studies examining their efficacy in
PD psychosis, although there are several case reports, open-
label studies, and post hoc investigation on their utility in
alleviating hallucinations in the context of PD dementia or
DLB [20, 81–86].

Rivastigmine which in addition to inhibiting acetylcholin-
esterase also inhibits butyrylcholinesterase is the promising
agent in this group. A post hoc analysis of a large double-
blind placebo-controlled trial with over 500 subjects com-
pared the effect of rivastigmine on visual hallucinations in
PD dementia [86]. The group with hallucinations experienced
greater benefit than the non-hallucinating group.

However, most of the open-label studies have shown no
significant improvement in the symptoms of psychosis, but
with little or no motor worsening—if motor worsening did
occur it usually was a transient increase in the tremor.

Other Treatment Modalities

Case reports have suggested that certain antidepressants such as
clomipramine and citaloprammay improve psychotic symptoms
especially among patients with concurrent depression [87].

Electroconvulsive therapy (ECT) used in medication-
refractory cases of depression and schizophrenia may also be
useful in reducing symptoms of PD psychosis especially if
there is coexisting depression and when oral pharmacologic
approaches have been unsuccessful [88]. The disadvantage is
the need for hospitalization and the potential for confusion and
possible memory loss.

Conclusion

PD psychosis is more prevalent than realized, and it usually, but
not exclusively, occurs in the context of a PD patient taking
dopaminergic therapy to improve motor symptoms. It is
regarded as one of the greatest unmet needs in the management
of PD. It is a source of great distress for both the patient and the
caregiver and is one of the most common reasons for long-term
placement in the developed world. The development of psycho-
sis especially hallucinations are a harbinger of dementia and
increased mortality and its management involves a search for
precipitating somatic illnesses such infections and electrolyte
imbalance, a thorough review of psychotropic medication, a
reduction in antiparkinsonian medications hopefully without
sacrificing motor function and often the addition of specific
antipsychotic therapy. Although clozapine remains the gold
standard in the treatment of this condition, the need for regular
serum blood counts has made clinicians shy away from its use.
Therefore, the search for promising agents to treat PD psychosis
continues. Pimavanserin is the first agent with a non-
dopaminergic mechanism of action that is seeking an official
indication for the treatment of PD psychosis.
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