Chapter 6
Psychosis in Parkinson’s Disease

Ilia Bountouni, Panagiotis Zis, K. Ray Chaudhuri, and Anette Schrag

Introduction

Psychosis is one of the most disabling non-motor symptoms of Parkinson’s
disease (PD). Non-motor symptoms are common, occur at higher prevalence than in
age-matched controls, and have significant impact on quality of life [1]. In the present
chapter, we will consider the psychopathology, the epidemiology, the pathophysiology,
the risk factors, the prognosis, and the management of psychotic features in PD. Before
doing so, we provide the historical background of psychosis in PD (PDPsy).
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Historical Background

In James Parkinson’s original description of the disease he concluded, “...by the
absence of any injury to the senses and to the intellect, we are taught that the morbid
state does not extend to the encephalon” [2]. This view of PD as a process that
spares the intellectual and psychological functioning was held for many decades.

Especially in the era before the discovery of levodopa treatment, reports regarding
psychotic symptoms in PD were limited. Initial reports were regarding patients
suffering from parkinsonism who developed psychotic symptoms. In 1882, Ball
probably referred to the signs of rapid eye movement (REM) sleep behavior disorder
in postencephalitic parkinsonism when describing a man with visual and auditory
hallucinations occurring only at nighttime [3]. In 1906, Regis categorized the mental
disorders associated with parkinsonism and specifically mentioned hallucinations
as a symptom associated with advanced disease [4].

One of the first reports of psychotic symptoms in “paralysis agitans” was in
1923, when Jackson presented a case series of patients with prominent symptoms of
psychosis [5]. Early features, such as sleep disturbance, withdrawal from social
situations, and suspiciousness, were also mentioned. In this report, more dramatic
symptoms such as paranoid delusions and hallucinations that were “generally
limited to the organic sensations and tactile sense” were also discussed [5]. In 1949,
Mjones described two patients with tactile hallucinations, one of which also had
visual and auditory hallucinations [6]. In 1950, Schwab described a number of
psychiatric symptoms including “paranoia” and “schizoid reactions” [7].

Thus, it appears that psychotic features may be an inherent though rare part of
the disease itself [8]. However, a number of these cases reported might have had
secondary forms of parkinsonism, especially postencephalitic [9].

In the levodopa treatment era, it became apparent that various psychiatric
syndromes were occurring with a much higher frequency in treated patients than in
untreated patients [9]. Even in the first reports, it was highlighted that apart from
higher levodopa dose, psychotic symptoms were much more likely to occur in patients
with certain predisposing characteristics, including older age, cognitive impairment,
and premorbid psychiatric pathology [10-12]. Newer reports added in these other
predisposing factors such as depression, sleep disorders, and visual impairment
[13—16]. However, risk factors are discussed in more detail in a separate section.

Signs and Symptoms

The basic psychopathological terms and their correspondent definitions that will be
used in this chapter are summarized in Table 6.1

Psychotic symptoms have long been recognized as a feature of PD as well as a
complication of PD therapies. PDPsy can occur in non-demented subjects but is
also a common feature in patients with PD dementia (PDD) and in patients with
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Table 6.1 Summary of the basic psychopathological terms and their correspondent definitions

[17, 18]
Term

Illusions
Hallucinations

Elementary auditory hallucinations

Elementary visual hallucinations
Complex visual hallucinations

Passage hallucination

Sense of presence

Definition

Misinterpretations of real perception stimuli

Spontaneous aberrant perceptions without

a physical stimulus

rattles or whistling

Unstructured sounds, for example,

Crudely formed flashes of light or color
Range from more organized patterns and shapes to full

visual perceptions of people and scenes

The sensation of a person or animal passing in the
periphery of someone’s visual field

The vivid feeling that somebody is present nearby

when nobody is actually there

Table 6.2 Characteristics of psychosis in Parkinson’s disease [24, 25, 28]

Psychotic
feature in PD

Psychosis

Visual
hallucinations

Delusions

Clinical profile in PD

Encompasses hallucinations, delusions, and the “minor”
phenomena of illusions, “passage hallucinations,” and
“sense of presence”

Abnormal visual perceptions without a physical
stimulus. Typically stereotyped, and colorful images

of familiar people or animals. Associated with older
age, duration of PD, cognitive impairment, depression,
and sleep disturbances [25, 26]. May be more likely to

occur during times of low ambient stimulation and share

some characteristics of hallucinations in the visually
impaired [27]

False, fixed, idiosyncratic beliefs that are maintained
despite evidence to the contrary. Often paranoid
delusions pertaining to spousal infidelity or fear

of abandonment. Distinct from clinical profile of
schizophrenia as delusions of thought insertion or
broadcasting and delusions of grandeur or of external
control and religiosity, which are hallmarks of
schizophrenia, are rarely seen in PD psychosis [29]

Prevalence
26-60 % [24, 25]

13-50 % [24, 28]

3-7 % 24, 25]

dementia with Lewy bodies (DLB). PDPsy is known to reduce quality of life and
increases caregiver distress [19]. It is an independent risk factor for poor prognosis,
nursing home placement, and development of dementia [20, 21], and it is also
associated with increased risk of mortality [20, 22, 23]. The characteristics of PDPsy

are summarized

in Table 6.2.
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The prevalence and severity of hallucinations, the commonest manifestation of
PDPsy, increase over time [30]. Higher levels of thought disorder and hallucinations
are positively associated with disease severity and impairment. Features of PDPsy
are more common in late-stage disease but can occur throughout the disease course
[31, 32]. Early hallucinations occurring before or shortly after starting a dopaminergic
treatment in a patient with a recent diagnosis of PD may be part of the DLB
syndrome [33]. However, the cutoff between both conditions, although theoretically
well defined, may be more difficult to establish in clinical practice, and the phenom-
enology of visual hallucinations linked to PD and DLB is similar [34].

Mental disturbances in PD range from comparatively subtle symptoms such as
non-disturbing visual hallucinations, vivid dreams, and mild illusions to a psychotic
state with disturbing hallucinations and paranoid frightening psychotic delusions [35].
The classic hallucinations in long-term treated PD are usually chronic and repetitive
in their content.

Diagnostic Criteria

Diagnostic criteria for psychosis in PD have been proposed by a NINDS/NIMH
working group [36]. These require the presence of at least one of illusions, false
sense of presence, hallucinations, or delusions, a primary diagnosis based on UK
brain bank criteria for PD; symptoms occurring after the onset of PD, symptoms
that are recurrent or continuous for at least 1 month, and the psychotic symptoms
are not better accounted for by another cause of parkinsonism such as
DLB. Furthermore, Duvoisin’s classical description perfectly illustrates the pan-
oply of psychotic phenomena in PD patients [37]: “...Visual illusions are espe-
cially frequent. Familiar objects may be mistaking for something else. The
patient may mention seeing worms on the floor, whereas actually there is a design
in the flooring, which is misinterpreted because the pattern seems to move.
Spectral illusions generally of a benign if not pleasant character are experi-
enced. There may be hallucinations of people or animals roaming around the
house ... Complex scenes with a group of people wandering around, having a
party ... seem to go about their business without disturbing the patient. Patients
may experience these visions for long periods of time but are afraid to mention
them to anyone for fear of being thought ‘crazy’. Finally, however the patient
reacts, angrily ordering the strangers out of the house, accusing them of steal-
ing...” [37].

Visual Illusions and Hallucinations
Establishing the time of the first true visual hallucinations may be difficult as they

may begin insidiously, out of seemingly normal heightened perceptions, mispercep-
tions (illusions), and very fleeting impressions with preserved insight that cause no
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concern to the patients. Even after patients recognize the hallucinations as a false
perception, many remain hesitant to admit them to family members [38]. The aware-
ness of the presence of another person (“sensation de presence” or “Anwesenheit”)
and the sensation of movement in the peripheral visual field (“sensation de
passage”) were first described in PD in 1982 [39]. Fénelon et al. systematically
investigated them as presumably prehallucinatory symptoms [18]. Isolated occur-
rence was noted in 14 % and combined occurrence with formed hallucinations in
another 9 % of the patients. PD patients also frequently misinterpret nonliving
objects, especially moving ones as living beings.

These illusions may be facilitated by dim light and/or reduced vigilance and
attentiveness during drowsiness. Their frequency has been rarely investigated
separately, because in systematic interviews it is often difficult for the PD patient to
differentiate illusions from visual hallucinations [40, 41]. Most studies therefore
combine illusions with visual hallucinations as a single phenomenon.

The content and contextual framework of the prototypic or core hallucinatory
syndrome has been investigated by different research groups, and similar descriptive
core features have been reported [29, 41, 42]. Patients with hallucinations typically
report visual hallucinations that represent human beings, animals, or both, often
mobile, appearing in scenes of short duration, lasting often only seconds. They are
usually moving, doing otherwise appropriate activities without disturbing the
patient. By their repetitive and stereotyped character, the visual hallucination
figures become familiar to the patient, who, as a bystander, observes them with
amused interest (the “marketplace effect”) [43]. The patients never involve
themselves in the activities of the hallucinations. Favored by dim light or reduced
vigilance, visual hallucinations appear suddenly, without any known trigger or
voluntary effort. They also vanish suddenly, sometimes when the patient tries
to check their reality by approaching or touching them. It is notable that simple
visual hallucinations, consisting in elementary geometrical patterns, are uncommon
in PD [34]. Visual hallucinations are not regularly bound to the same motoric state
(“on” or “off”’) and have no direct temporal relation to antiparkinsonian medication
ingestion. Often a given visual hallucination occurs when the PD patient is in a
specific environmental setting. Real objects may contribute to the scene by being
mistaken in an illusionary way. Visual hallucinations often have blurred borders
but have neither color predominance nor a specific localization to a field of vision
(lateral vs. central) [43].

Affectively, patients usually express little concern about the visual hallucinations,
although in two studies some patients found themselves anxious or depressed when
a few felt terrified [18, 44]. Full-blown psychotic decompensation with secondary
frightening paranoid delusion, without any insight, was a rare phenomenon in these
studies [43]. Comparative prevalence and phenomenology at day- or nighttime
have not been extensively studied, although one report found that diurnal visual
hallucinations were more common than nocturnal visual hallucinations, with 46 %
of patients indicating only diurnal visual hallucinations, 13 % only nocturnal visual
hallucinations, and 41 % both types [41]. Another study with continuous polysom-
nographic recording found that in 20 hallucinating patients, 14 patients experienced
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visual hallucinations during daytime, 8 during a “wakeful state,” 5 during a twilight
state, and 1 on awaking from napping in the afternoon. In contrast, four patients
developed visual hallucinations upon awakening at night [45].

Hallucinations in Other Sensory Modalities

Auditory hallucinations may be elementary (ringing, knocks, etc.) or, more often,
complex. The voice content is neutral or incomprehensible, but it can also be
threatening [46, 47] and nonetheless differs from the pejorative or threatening
auditory hallucinations of schizophrenia [18, 46]. Auditory hallucinations may
constitute the “soundtrack” of visual hallucinations, with the patient hearing the
conversation of unreal persons. Auditory hallucinations variably occur together
with visual hallucinations and are less likely to be seen in isolation [46, 48]. Tactile
hallucinations [49] involve contact with small animals, although they do not usually
generate the belief of infestation. They may also manifest as the feeling of being
touched by someone. Olfactory and gustatory hallucinations have only been reported
in series and case reports [42]. Both olfactory and tactile hallucinations can be
experienced as very unpleasant and long-lasting [49-51].

Multimodal Hallucinations

Patients experiencing visual hallucinations may also experience nonvisual halluci-
nations, although they often do not report them. When focusing on new-onset hal-
lucinations, it has been shown that elderly patients were more likely to have
multimodal hallucinations than pure visual hallucinations, suggesting that age and
ageing processes may influence the phenomenology of hallucinations [52]. Nonvisual
hallucinations are mostly accompanied by visual hallucinations [53]. Most patients
have retained insight of their hallucinations although when severe and in the context
of cognitive impairment insight may fluctuate or be lost [18, 42].

Delusions

Delusions are false beliefs that are maintained despite evidence of the contrary.
Delusions affect about 8 % of treated patients with PD [54, 55]. They are usually
paranoid in nature and commonly involve suspicions of spousal infidelity. Other
paranoid themes include people stealing money, intruders living in the house, or
nurses planning harmful plots. In contrast to this, thought broadcasting, ideas of
reference, loosened associations, and “negative symptoms,” which are all commonly
found in schizophrenics, are not a feature of PD-associated psychosis [55].

Paranoid thoughts such as spousal infidelity are a common theme, although
grandiose, somatic, persecutory, and religious delusions have also been documented
[56]. Recent research suggests that the occurrence of delusions, as opposed to
hallucinations, may be related to younger age at onset of PD and psychotic
symptoms [57].
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Delirium

Delirium with concomitant hallucinations can be found in PD patients, especially
with advanced age [55]. When being part of a toxic delirium, hallucinations occur
in the context of a clouded sensorium. Sometimes it starts as nocturnal confusion
or “sundowning,” which when left untreated can also affect the patient’s behavior
during the day. An associated problem is that the sleep cycle is often inverted [55].
In this syndrome, patients usually show signs of distractibility, agitation, myoclonus,
paratonia. It may occur with systemic disease, in the context of fever, infection, or
renal failure, and with medications including anticholinergic treatment or amanta-
dine [58]. In the perioperative state, especially when PD patients receive pain medi-
cations, there is also a significantly increased risk of a confusional state with
hallucinations [59]. In cases of anticholinergic toxic effects, visual hallucinations
are accompanied by dry skin, urinary retention, and mydriasis [60]. In general, the
hallucinations clear when the underlying medical condition is treated.

Epidemiology

Establishing the prevalence of neuropsychiatric disorders in PD is complicated by
the symptomatic overlap between the somatic features of the neuropsychiatric and
underlying movement disorder, differences in the phenomenology of these disor-
ders in PD and the general population, frequently coexisting cognitive problems,
psychiatric side effects of dopaminergic medication, the presence of motor and
non-motor fluctuations, and the different diagnostic frameworks available. Thus,
estimates of prevalence of neuropsychiatric disorders in PD vary considerably in
published studies [61].

With regard to reports about hallucinations and psychosis in PD, one of the
limitations of the published studies is their difference in study design, data collec-
tion, and study population. In addition, most studies utilized non-validated scales or
arbitrary definitions of symptoms [35, 62, 63]. Furthermore, PD patients may not
report visual hallucinations when completing self-report screening questionnaires.

For example, in a community-based sample, there was a 25 % lifetime prevalence
[64] of psychotic phenomena compared with nearly 50 % in some clinic-based
samples [18, 65]. Some studies have focused only on hallucinations and did not
assess illusions or delusions [46, 66]. In spite of the limitations presented, several
studies have reported a cross-sectional prevalence of psychosis in the range of
25-30 % [68, 69, 71-75]. The estimated prevalence of formed visual hallucinations
has been recorded as 22-38 %, of minor psychotic symptoms (illusions of presence,
passage, and visual illusions) as 17-72 %, of auditory hallucinations as 0-22 %, and
of delusions as 1-7 %. Tactile, somatic, and olfactory hallucinations are relatively
rare and usually not systematically sought. Lifetime prevalence of reported visual
hallucinations was 50 % in a large retrospective autopsy study in pathologically
proven PD (445 patients) [61]. Longitudinal studies have reported that the proportion
of hallucinating PD patients increases with disease duration. In a 4-year prospective
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longitudinal study, 33 % of the patients had visual hallucinations at baseline, 44 %
at 18 months, and 63 % at 48 months [66]. Having hallucinations at baseline or at
any given assessment was a strong predictor of continued hallucinations at all
follow-up evaluations, demonstrating the chronicity of the hallucinatory syndrome.
The evolution of the so-called “benign” hallucinations, defined as hallucinations
with retained insight, has also been investigated. Unlike the name suggested, after
3 years, 81 % of the patients had hallucinations with loss of insight, if no specific
treatment was initiated [65].

Pathophysiology

There has been considerable interest in identifying risk factors for developing
psychotic symptoms in Parkinson’s disease. Not all patients will develop them, and
it appears that a variety of factors, both intrinsic and extrinsic, contribute to their
occurrence [56]. In this section, we are reviewing the role of neurotransmitters that
research has identified as facilitating the emergence of psychotic symptoms in PD.

Role of Dopamine

As early as in 1978, Moskowitz postulated a pharmacological kindling model to
suggest enhanced sensitivity of dopaminergic receptors after chronic treatment
with levodopa. Thus, excess dopamine from medications could overflow onto
supersensitive receptors, inducing psychotic signs [77]. Since then extensive research
has taken place in order to examine the relationship between dopamine and altered
perceptions [78].

It is well recognized that dopaminergic agonists (such as amphetamines) can
induce psychotic states [79] and that dopamine D2 receptor antagonists (such as
haloperidol) are effective antipsychotics [78]. All PD medications (not just levodopa)
have been implicated in the appearance of psychotic features, and these features
often remit after drug therapy has been reduced or eliminated [80].

Excessive dopaminergic activity, probably in mesocortical and mesolimbic
systems, appears to play a role in the generation of hallucinations. This action may
be mediated by dopamine’s influence on glutamatergic systems [81]. There are
experimental suggestions that chronic stimulation may cause persistent sensitization
of dopamine receptors, leading to dysfunction of limbic structures responsible for
assigning emotional and hedonic significance to sensory input. This dysfunction
may result in misattributions of internal stimuli having originated from the external
sensory world [82] causing thus psychotic phenomena [83, 84].

However, several observations have challenged the hypothesis that psychotic
symptoms represent a medication-induced toxic syndrome [43]. Not only there
are reports of hallucinations in PD patients before dopaminergic drugs became
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available [85], but also studies of hallucinating PD patients have demonstrated that
psychosis severity and medication doses are poorly correlated [42]. Moreover,
Goetz showed that in predisposed patients, high-dose intravenous levodopa does not
provoke visual hallucinations in a predefined clinical setting [86].

Role of Serotonin

Serotonin (5-HT) is another monoamine neurotransmitter, and it is also thought to
play a role in producing psychotic symptoms. The body of evidence for serotonin’s
involvement parallels that for dopamine. Therefore, agonists at the 5-HT?2 receptor
can induce hallucinations, and 5-HT receptors antagonists (like novel antipsychotics)
can ameliorate psychosis [87]. The efficacy of atypical antipsychotic, such as clozapine
and quetiapine, without worsening motor function, has been partly attributed to
their affinity to 5-HT receptors. However, the exact relationship between serotonergic
systems and PD-related psychosis remains unclear [78].

Role of Acetylcholine

Although the role of acetylcholine is still under investigation, neuropathological
studies of patients with DLB indicate that levels of choline acetyltransferase were
lower and the ratio of 5-hydroxyindoleacetic acid to choline acetyltransferase
was higher in hallucinating patients than in patients without hallucinations [88].
Moreover, marked degeneration of cholinergic neurons is evident in the brains of
PD patients which is possibly even greater compared to what is seen in patients with
Alzheimer’s dementia [89, 90].

The possible role of acetylcholine in psychotic features is also supported by
research that showed that after effectively treating hallucinations by reducing
anticholinergic and/or dopaminergic agents, acetylcholine blockade may induce
PD-related hallucinations. It was hypothesized that the responsible mechanism
involves acetylcholine’s reciprocal relationship with dopamine in limbic cortex [80].
Finally, another hypothesis is that as PD causes degeneration of cholinergic pedun-
culopontine neurons, which control rapid eye movement (REM) sleep, hallucinations
may be fragments of dreams that are released from the usual cholinergic inhibition [88].
However, sleep dysregulation is discussed separately below.

Risk Factors

Apart from the role of dopaminergic treatment as a risk factor for developing
psychotic features in PD, which has been reviewed above, other risk factors may
contribute to the development of psychotic features in PD as discussed in this section.
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Age and Disease Duration

Older age has been shown to be a risk factor of developing psychosis in PD [67],
and psychotic symptoms in PD typically occur later in the course of the disease.
On average, symptoms are reported 10 or more years after the initial diagnosis [91].
Moreover, psychotic symptoms tend to recur and worsen over time [92] as disease
progresses and have been correlated to PD severity [61].

Cognitive Impairment

Dementia is an important risk factor for psychosis in PD, and severity of dementia
and severity of psychosis are correlated [76, 93]. Psychosis may be an early indica-
tor of beginning cognitive decline. Recently, it was suggested that the hippocampus
is a neural substrate underlying the occurrence of psychosis, sleep disturbance, and
cognitive impairment in PD patients [93]. However, if psychosis occurs in the early
stages of PD, it is particularly important to consider other diagnoses, specifically
dementia with Lewy bodies (DLB). In one study, all patients identified as having
early-onset (within 3 months of initiating levodopa therapy) hallucinations were
later found to carry a diagnosis other than or in addition to Parkinson’s disease that
could account for their psychotic symptoms [31].

Lewy Body Distribution

Lewy body deposition has long been known to be associated with dementia in
Parkinson’s disease, which has been identified as risk factor for PD psychosis. One
study found a strong correlation between the distribution of Lewy bodies in the
temporal lobe, specifically in the amygdale and parahippocampus, and well-formed
visual hallucinations in Lewy body diseases such as DLB and Parkinson’s disease
dementia [94]. These temporal lobe Lewy bodies were also associated with an earlier
onset of hallucinations. A large-scale autopsy study of 788 cases of parkinsonism
showed a high specificity of visual hallucinations for Lewy body diseases (92.9 %)
[95]. A recent clinicopathological comparison of 10 PD patients with a history of
visual hallucinations and 10 PD controls revealed a significantly greater Lewy body
burden in the amygdala and cortical areas in the hallucinating patients [96].

Sleep Disorders

Psychosis in PD has also been linked to sleep disturbances such as insomnia [97]
and daytime sleepiness [98], which are common in PD. The “continuum hypothesis”
of psychosis in PD asserts that sleep disturbances in PD lead to altered dream
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phenomena, which later lead to frank daytime hallucinations and delusions. Indeed,
these early phenomena occur frequently in PD. A study found that 48 % of PD
patients experienced some sort of altered dream phenomena such as vivid dreams,
nightmares, and reports suggestive of REM disorder or night terrors [99]. 30.7 %
of patients in an early retrospective study were reported to experience vivid
dreams [77]. One study designed to test the continuum hypothesis found that
sleep fragmentation, altered dream phenomena, and hallucinations/illusions were
not independent; however, no interaction was found between sleep fragmentation
and hallucinations/illusions, which the authors explained by suggesting that the
three phenomena are distinct but often overlapping [99].

A prominent view of the relationship between sleep disturbances and PD psycho-
sis involves a disruption in rapid eye movement (REM) sleep. Polysomnographic
studies of Parkinson’s patients have found a relationship between visual hallucinations
and short, fragmented REM sleep. Specifically, patients experiencing hallucinations
evidenced lower sleep efficiency and reduced total REM sleep time and percentage,
as compared to patients not experiencing hallucinations [100]. Visual hallucinations
in PD have been purported by some to represent narcolepsy-like phenomena involving
the intrusion of REM dream imagery into the waking state [101]. This intrusion may
be related to a reduction in acetylcholine, which leads to the disinhibition of the
dream images and their release into the waking state [88].

Visual Processing Deficits

Research has suggested that PD patients who experience visual hallucinations may
also suffer from deficits in visual processing. These patients have been found to
have lower visual acuity [42], deficits in color and contrast recognition [102], and
greater ocular pathology [18], including cataracts, retinal disease, and glaucoma, as
compared to non-hallucinating PD patients. Dopamine deficiency at the level of the
retina is also found in PD [103] and has been linked to the occurrence of visual
hallucinations in both dementia with DLB [104] and PD [105]. These deficits may
serve to facilitate the onset of visual hallucinations in PD.

While structural MRI studies of hallucinating PD patients have yielded little
insight into specific occipital lobe or deep white matter lesions [106], more recent
studies have used fMRI to identify functional abnormalities in the processing of
visual stimuli among hallucinating patients. Specifically, Stebbins et al. found that
hallucinating PD patients indexed more frontal (Brodmann areas 44, 6) and subcortical
(caudate nucleus) activation and less visual cortical activation than non-hallucinating
PD patients [107]. The authors postulated that PD patients with hallucinations
suffer from a weakening of retinal—striatal—cortical signals, which may lead to the
disinhibition of “top-down” processing and the subsequent release of internally
generated images into areas that normally represent externally generated percepts.
Another fMRI study documented a similar pattern of increased activation of visual
association cortex (Brodmann area 19) coupled with decreased activation of
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primary visual cortex (Brodmann area 17) in PD patients experiencing visual
hallucinations [108]. Barnes et al. report deficient reality monitoring in PD patients
with hallucinations in that these patients were more likely than non-hallucinating
PD patients and elderly controls to believe that mental images were real external
stimuli [109]. Currently, studies are underway to determine the effects of pharmaco-
logical treatments for hallucinations on functional visual networks. Gallagher et al.
report that higher overall cortical Lewy body counts, particularly in areas implicated
in visual perception and executive function, such as the middle frontal and middle
temporal gyri, transentorhinal, and anterior cingulate cortices, were associated with
visual hallucinations [110]. These data were in support of a unifying hypothesis
proposed by Goetz that included impaired visual input and central visual processing,
impaired brain stem regulation of sleep—wake cycle with fluctuating vigilance,
intrusion of rapid eye movement dream imagery into wakefulness and emergence of
internally generated imagery, cognitive dysfunction, and influence of pharmaco-
logical treatments [43].

Genetics

Recent research has increasingly attended to genetic contributions to Parkinson’s
disease and its associated neuropsychiatric symptoms. Family history of dementia
appears to be a significant risk factor for the development of hallucinations in
patients with PD [70]. Furthermore, preliminary evidence suggests that certain
genetic profiles may be associated with the development of psychosis in PD. For
example, studies have identified the APOE epsilon4 allele as a significant risk factor
for drug-induced visual hallucinations in PD [111] and an earlier appearance of
psychosis in PD [112]. However, other studies have failed to document an associa-
tion between APOE4 and PD psychosis [113, 114]. More recently, a postmortem
analysis reported an association between PD-related hallucinations and the tau
HI1H1 genotype [115]. Further research is necessary to elucidate the role of genetics
in the expression of psychotic symptoms in PD.

Deep Brain Stimulation (DBS) Surgery

Many researchers have noted that DBS surgery may improve psychotic symptoms
in Parkinson’s disease, which is presumed to be due to the resultant reduction in
dopaminergic medications [116]. However, there have also been reports of stimulation-
induced psychotic symptoms as well as transient manic psychosis following DBS
surgery, which may be more common in older patients [117-119].
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Others

Other risk factors reported for Parkinson’s disease psychosis include family his-
tory of depression, severe olfactory impairment [120], and autonomic dysfunc-
tion [121]. A recent study suggested that PD patients who show a blunted
circadian blood pressure rhythm are more likely to develop psychosis than those
whose BP decreases normally at night [23]. A recent case crossover study
reported that elevation of plasma CRP is also another independent risk factor for
psychosis in PD [122]. Finally, it is always important to consider that hallucina-
tions can occur in the context of other conditions, e.g., confusion due to sys-
temic infection or mood congruent hallucinations in the context of severe
depression.

Prognosis

Course

Psychotic symptoms in PD typically occur later in the disease. On average, symp-
toms are reported 10 or more years after the initial diagnosis [91, 92]. In its early
stages, psychosis in PD occurs within a context of a clear sensorium and retained
insight [123]. Psychotic symptoms tend to recur and worsen over time, and insight
may be lost [92]. Psychosis in PD has often been conceptualized as occurring along
a continuum in that experiences such as vivid dreaming and illusions herald more
frank hallucinations and delusions, which ultimately lead to florid psychosis and
dementia [77]. However, recent evidence suggests that this conceptualization may
not be accurate [99]. While the specific course of PD psychosis remains to be ade-
quately described, it seems clear that psychotic symptoms, once present, are
persistent and distressing.

Thus, the existence of hallucinations at baseline is also a strong predictor of
their presence at follow-up evaluations [64]. Some studies documented no dif-
ferences in hallucinations between patients who received treatment compared to
those who did not, and many treated patients were still experiencing hallucina-
tions at long-term follow-up [21, 64]. Other reports suggest that many patients
receiving antipsychotic treatment experience continued efficacy, especially
those who responded to their medication early on [124]. However, there is little
data to suggest that antipsychotic treatment improves long-term functional
outcome.

Once patients initiate antipsychotic therapy, continued treatment may be neces-
sary to maintain symptom control and avoid exacerbation of psychosis. One study
that attempted to wean psychosis-free PD patients off of their antipsychotic medications
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was aborted after enrolling only six patients (with an average antipsychotic exposure
of 20 months) because five out of the six subjects experienced “rebound psychosis”
[125]. Furthermore, three out of these five patients experienced a worsening of
psychotic episodes (compared to their original psychotic episode that prompted
antipsychotic use) in the form of paranoid delusions or threatening auditory halluci-
nations. This experience, which is also congruent with anecdotal evidence and
the authors’ experiences, also provides support for the efficacy of antipsychotic
medications at least in some patients. Additional research is needed to confirm the
efficacy and necessary treatment duration with antipsychotic treatment.

Prognostic Indicators

The prognostic value of psychosis and hallucinations in PD varies depending upon
when symptoms are seen during the disease course. If symptoms are evident at time
of diagnosis or very early on in the disease, then a preexisting psychiatric disorder or
another parkinsonian syndrome such as DLB is likely to be present, and additional
symptoms of such disorders may manifest [31].

When psychotic features arise later in the disease course, they may suggest
additional complications such as cognitive impairment [126] and weight loss [127] or
may be a manifestation of concomitant depression with mood congruent halluci-
nations. They are also associated with negative outcome variables such as caregiver
distress [19], nursing home placement [20], and mortality [128]. Kempster and
colleagues surveyed 129 case records from donors with pathologically proven
PD. These cases were separated into five groups according to age at death, thus
comparing patients who reached the advanced stage of the disease at different ages.
Four milestones of advanced disease (frequent falls, visual hallucinations, dementia,
and need for residential care) occurred at a similar time, approximately 5 years from
death in each group. There were no significant differences in disease duration across
these age groupings, nor were there differences in the severity and distribution of
Lewy body and other pathologies. Once this advanced disease stage was reached,
survival was similar in all groups [129].

Psychotic symptomatology has been considered by some to represent a “harbin-
ger to cognitive decline” [13] as PD patients who present with visual hallucinations
are more likely to develop cognitive impairments later on [21, 56, 126]. Psychosis
and cognitive decline often co-occur, and both have been related to the development
of the other.

A case control study identified hallucinations as the primary factor differentiating
PD patients who were placed in a nursing home from those who were not, whereas
motor and cognitive impairment did not differ between the groups [128]. In a 2-year
follow-up study, the authors found that 100 % of nursing home PD patients had died
[130]. Recent reports have documented more conservative nursing home mortality
rates, which have been attributed in part to the increasingly common use of atypical
antipsychotic agents for the treatment of psychosis [21, 124]. However, the finding
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that hallucinations and other psychotic phenomena are predictive of negative outcome
has been well replicated and underscores the importance of both treating PD
psychosis as well as its utility as a prognostic indicator. When psychosis and dementia
coexist in PD, it is perhaps the greatest limiting factor for the optimal treatment of
motor symptoms.

Management

The management of psychosis is dependent upon an understanding of the patho-
physiology, which is due to a complex mixture of intrinsic and extrinsic factors.
Intrinsic factors (such as the neurochemical changes in dopaminergic, serotonergic,
and cholinergic systems) increase the likelihood of misinterpretation of visual images
and the development of delusions [131]. In the presence of extrinsic factors (such as
PD medications), the development of psychosis also becomes more likely [131].

Ist Step: ldentify and Treat Other Potential Conditions

Before treating psychosis in PD, it is important to rule out underlying medical
illnesses as the cause of the symptoms in the context of delirium. For example,
urinary and pulmonary infections, metabolic and endocrine imbalances, cerebral
hypoperfusion states, and psychosocial stressors can lead to delirium and psychotic
symptoms, especially in geriatric patients [78]. In addition, severe depression may lead
to mood-congruent, distressing hallucinations, which can improve with antidepressant
treatment alone.

2nd Step: Optimize the Environment

Similarly to the management of delirium, a team of healthcare professionals who
are familiar to the patient suffering from PD psychosis should be involved. It is
important to avoid moving people within and between wards or rooms unless
absolutely necessary [132]. Optimizing the environment will reduce the likelihood
of visual misinterpretations. Environmental interventions are designed to reduce or
eliminate factors that exacerbate delirium. They include providing an optimal level
of environmental stimulation (such as optimal lighting), reducing sensory impairments
(such as loud noises), and providing environmental cues that facilitate orientation
(such as a clock on the wall).

Contrary to schizophrenic patients, PD patients frequently use self-driven coping
strategies for dealing with their psychotic symptoms such as visual techniques
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(including better focusing on the hallucinatory object, focusing at another object, or
looking away from the hallucination), cognitive techniques (related to the patient’s
self-initiated reactions that do not involve other people, consciously noting that the
hallucinations are not real or purposefully reassuring oneself that they will resolve
shortly), and interactive techniques, relying on discussions with family and other
caregivers to gain comfort and reassurance as well as verification of the non-reality
of the hallucinations [44]. Therefore, cognitive training in such techniques may
improve the psychotic symptoms.

3rd Step: Changing PD Treatment

PD medications contribute to psychosis through effects on both the dopaminergic
and cholinergic systems with the latter exacerbating an existing cholinergic
dysfunction. Stopping all potentially offending antiparkinsonian drugs is usually
not an option for most patients, although dose reduction can frequently be accom-
plished with amelioration of hallucinations and little loss of drug-related benefit.
Antiparkinsonian drugs can be reduced or stopped in reverse order starting from the
last medication introduced before occurrence of hallucinations and continuing
based on the potential of the drug to cause hallucinations. A stepwise approach to the
consideration of withdrawal of medication is recommended [131]. Anticholinergics
and tricyclics (which have anticholinergic properties) should be withdrawn first [133],
followed by careful reduction or gradual withdrawal of other monoamine oxidase-B
inhibitors, amantadine, and dopamine agonists. In severe cases, the basis of man-
agement is maintaining the patient on the minimum amount of antiparkinsonian
medication focusing on levodopa as the main treatment [131]. Figure 6.1 summarizes
the suggested order for withdrawal of medications in psychosis in PD.

4th Step: Specific Management

Clozapine is a dibenzodiazepine that binds to D1 mesolimbic receptors with relative
sparing of striatal dopamine receptors. It has prominent activity at D4 dopamine
receptors and is an antagonist at adrenergic, cholinergic, histaminergic, and seroto-
nergic receptors. Clozapine has been shown to be effective for psychosis in PD
[134]. However, it can cause granulocytopenia in 1-2 % of patients, and weekly to
biweekly blood counts are required on treatment. The risk of clozapine-induced
leukopenia or agranulocytosis decreases exponentially over time, and the likelihood
of developing fatal granulocytopenia beyond 6 months of clozapine treatment is
low [135]. It is important to start at a low dose, either 6.25 or 12.5 mg once a day.
Most patients will only require 25 mg and do not require doses beyond 50 mg.
There are concerns about possible anticholinergic side effects in larger doses,
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Identify and treat reversible causes
- Infections

- Metabolic imbalances

- Depressive disorder

Optimize the environment
- Familiar faces

- Optimal lighting

- Improve sleeping habits

- Cognitive techniques

Medication withdrawal
- Anticholinergics
- Tricyclics
- MAOB
- Amantadine
- Other antidepressants
- Dopamine agonists
- Rasagiline
- COMT
- Levodopa

Specific management
- Quetiapine
- Clozapine

Fig. 6.1 Suggested management of psychosis in PD, including the order of withdrawal of
medication

but in practice, these are avoided in the smaller doses in PD [136]. Clozapine is
metabolized through the cytochrome system with inhibitors of metabolism clozapine
levels [137, 138].

Quetiapine is an atypical dibenzothiazepine structurally similar to clozapine.
As clozapine, quetiapine also does not appear to worsen parkinsonism to the
same degree as other atypical neuroleptics such as risperidone and olanzapine or
the typical neuroleptics such as haloperidol. The use of quetiapine in clinical
practice is well established, and it is by far the most widely used antipsychotic
for dopaminergic-induced psychosis. However, there are inconsistent study data
regarding the effectiveness of quetiapine. Although several open label studies
reported that quetiapine is effective for treatment of psychosis in patients with PD
and two single-blind randomized trials [137] comparing quetiapine and clozapine
reported they were equally effective, only one of five small randomized controlled
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trials found benefit for quetiapine compared with placebo [139]. In community studies,
quetiapine was reported to have a lower risk of cardiovascular death compared to
other atypical agents, with an absence of a dose-response effect in relation to the
risk of death [140]. Moreover, studies in nursing homes have shown a lower risk of
cerebrovascular incidents or infections compared to other antipsychotics [141].
Small doses of quetiapine should be used in older people starting at 25 mg just once
a day. It is important to remember that quetiapine is metabolized through the
cytochrome system [142] with inhibitors of this system (such as diltiazem and
clarithromycin) increasing quetiapine levels and inducers of metabolism (such as
carbamazepine), reducing levels [138].

Other drugs that have been studied regarding their efficacy in managing psychotic
features in PD include antipsychotics and cholinesterase inhibitors. Olanzapine was
rated in the MDS 2011 report as not efficacious, with an unacceptable risk of
exacerbating parkinsonism, and clinically not useful [143]. The efficacy of other
antipsychotics (including risperidone, aripiprazole, ziprasidone, and melperone)
and cholinesterase inhibitors (including rivastigmine, donepezil, and galantamine)
has only been reported based in open label studies, case series, or single case reports
[56, 144]. Subanalyses of a double-blind, placebo-controlled study in PD dementia
[145] suggested that rivastigmine was more effective in some cognitive and
behavioral measures in patients experiencing hallucinations compared to patients
not experiencing hallucinations [146]. Thus, there is some support for the use of
cholinesterase inhibitors for the treatment of psychosis in cognitively impaired PD
patients, which are commonly used in this setting, but evidence for their use in
treating psychosis in non-demented PD is lacking [144].

Recently, the experimental antipsychotic agent pimavanserin was found to be
significantly better than placebo at reducing PD-related psychosis in a 6-week
double-blind randomized placebo-controlled trial of 199 patients with Parkinson’s
disease psychosis. Antipsychotic treatments were not permitted during the study,
but controlled antiparkinsonian medication or deep brain stimulation was allowed.
Eligible participants entered a 2-week non-pharmacological lead-in phase to limit
the placebo response, after which they were randomly allocated (1:1) to receive
pimavanserin 40 mg per day or matched placebo. The primary outcome was
antipsychotic benefit as assessed by central, independent raters with the
Parkinson’s disease-adapted scale for assessment of positive symptoms (SAPS-PD).
Pimavanserin was associated with a —5.79 decrease in SAPS-PD scores.
Pimavanserin was well tolerated and was not associated with worsening of motor
symptoms or other adverse effects. The investigators concluded that pimavanserin,
though not clinically available yet, may benefit patients with Parkinson’s disease
psychosis for whom few other treatment options exist. Further studies are needed to
confirm the long-term safety and efficacy of pimavanserin [147].

Finally, it is important to consider that psychotic symptoms may be attributable
to a preexisting psychiatric disorder such as major depression or another parkinsonian
syndrome such as DLB.
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Case Scenarios

Case Report 1 This report describes presence hallucinations in a patient with
PD [39].

A 71-year-old woman had had tremor-predominant Parkinson’s disease diagnosed
2 years previously, with no cognitive impairment. She received levodopa, mianserin,
and lorazepam for an anxiety disorder. She had daily presence hallucinations for
approximately 6 months before inclusion. The patient lived alone and had a sister
living somewhere else. During the night or when awakening in the morning, she
repeatedly had the vivid sensation that her sister was lying beside her in the bed.
She knew that this was not possible and she did not see her, but she used to lift the
top sheet to check that her sister was not there. Later in the morning, when passing
near her bed, she often again had the feeling that her sister was there and she had to
check again. Each episode lasted only a few seconds.

Case Report 2 This report describes passage hallucinations [39].

A 59-year-old man had received levodopa and bromocriptine for Parkinson’s
disease diagnosed 3 years previously. In the evening, while clearing away the
tables and chairs, he often had the brief impression of a mouse passing on the right.
He turned his head to the right but could not see anything.

Case Report 3 This report describes formed visual hallucinations in the context of
cognitive impairment in PD [39].

A 71-year-old man had had Parkinson’s disease for 8 years and was taking
levodopa. His motor symptoms and signs were mild to moderate, and he was inde-
pendent in all daily activities. However, the patient also had developed cognitive
impairment about 4 years after the onset of motor symptoms. Hallucinations had
started during a therapeutic trial of a dopaminergic agonist but had not subsided
after the agonist was withdrawn. They consisted of characters that commonly
took the form of small ill-formed devils with a blurred face and a changing size.
They moved rapidly in “a sort of haze.” During an episode of lumbar pain, the
patient described these characters as armed with blades and was “butchering” his
back. However, in most instances, the hallucinations of devils were not frightening
and were well tolerated. The patient said that he had become familiar with them,
that their lives were now intermingled with his own, and that it was like “living in
a fantasy novel” or a “parallel world.” The patient repeatedly stated that he was
aware of the unreality of the visions but admitted that he would occasionally speak
to them because they “looked so real.” Visual hallucinations occurred daily,
predominantly at night, and the characters seemed to be “scared” and “scattered” by
light, a noise, or a sudden wave of the hand. The patient also experienced presence
hallucinations: “it’s a presence behind me; I try to catch it by turning round but
I never see its face.”
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Case Report 4 This report describes rare auditory hallucinations in PD
psychosis [39].

A 68-year-old-woman had received a diagnosis of Parkinson’s disease 18 years
previously. She was taking levodopa, bromocriptine, piribedil, and amantadine. She
had subtle cognitive impairment and has also felt depressed. She had experienced
presence hallucinations (of an unidentified person) for the last 6 months. In one
instance, she saw her deceased son with another person. Her son distinctly said
to her: “take care of yourself.”

Case Report 5 This report highlights the importance of monitoring and screening
the psychotic symptoms in patients treated with oral dopamine agonists, especially
in elderly patients [148].

The patient was an 89-year-old man with a 6-year history of PD. Two years pre-
viously, he had been started on amantadine and selegiline. Three months later,
pramipexole (0.25 mg/day) had been added to his treatment regimen to combat his
persistent tremor and bradykinesia, and the dosage was increased to 0.5 mg/day in
2 weeks. One month after the dosage was titrated to 0.5 mg/day, visual hallucina-
tions (VH) developed. He could see faces of people and ghosts in different sizes and
colors. The occurrence of VH was mostly limited to nighttime, when he was fully
conscious and aware, but he did not inform the others about these symptoms. In
terms of his prominent motor symptoms, pramipexole was titrated up to 2.25 mg/
day 5 months before this admission. After 2 months on this regimen, he experienced
an increased frequency of complex VH and also had olfactory hallucinations,
delusions of being poisoned, delusions of persecution, and destructive behaviors.
All these psychotic symptoms persisted under normal consciousness. Amantadine
and selegiline were discontinued. Pramipexole was decreased to 1.5 mg/day, and
quetiapine 25 mg/day was prescribed. However, all the psychotic symptoms remained
the same for 1 week under the regimen. He was then admitted, and pramipexole
was discontinued. Due to his vivid psychotic symptoms and agitation, quetiapine
was increased gradually to 300 mg/day in 10 days. Three weeks after admission, his
psychotic symptoms gradually resolved. After discharge, quetiapine dosage was
reduced gradually without psychotic exacerbation. In addition, no antiparkinsonian
drug was used for his tremor and bradykinesia, which were reported as tolerable.

Case Report 6 The following case illustrates the challenge of advanced Parkinson’s
disease in schizophrenic patient on neuroleptic treatment. Differentiating between
drug-induced parkinsonism and idiopathic Parkinson’s disease is recommended by
presynaptic nuclear imaging (e.g. FP-CIT SPECT) [149].

A 74-year-old man with no dementia was previously diagnosed with paranoid
schizophrenia and repeatedly treated with first- and second-generation antipsychotics.
Ten years ago, parkinsonism was first noticed, and antipsychotic treatment was
switched to clozapine (62.5 mg/day). As the patient refused to take clozapine in the
course of the disease, it was replaced by olanzapine (5 mg/day). Additionally, he
received L-DOPA (400 mg/day) and pramipexole (4 mg/day) to treat parkinsonism.
He responded well to treatment but later developed on/off fluctuations and peak-dose
dyskinesias, wherefore a treatment with amantadine (200 mg/day) was initiated.
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He then rapidly developed severe delusions. On admission, he was floridly psychotic
but also disabled by severe on/off fluctuation and peak-dose dyskinesias. As there
was some doubt concerning the diagnosis of idiopathic Parkinson’s disease, FP-CIT
SPECT was performed, and it showed bilaterally marked reduction of striatal
dopamine transporter binding in the putamen. Pramipexole and amantadine were
stopped, and quetiapine (125 mg/day) was added to the drug regimen, which led to
marked improvement of the mental state. However, motor symptoms became worse.
The total dose of L-DOPA was increased to 500 mg in combination with entaca-
pone, and the intervals between the doses were shortened (five times 100 mg, every
3—4 h) whereby good motor control was achieved.

References

1. Chaudhuri KR, Martinez-Martin P, Schapira AH, Stocchi F, Sethi K, Odin P, Brown RG,
Koller W, Barone P, MacPhee G, Kelly L, Rabey M, MacMahon D, Thomas S, Ondo W, Rye D,
Forbes A, Tluk S, Dhawan V, Bowron A, Williams AJ, Olanow CW. International multicenter
pilot study of the first comprehensive self-completed nonmotor symptoms questionnaire for
Parkinson’s disease: the NMSQuest study. Mov Disord. 2006;21(7):916-23.

. Parkinson J. An essay on the shaking palsy. London: Neely and Jones; 1817.

. Ball B. De I“insanité dans la paralysie agitante. Encéphale. 1882;2:22-32.

. Regis E. Precis de Psychiatrie. Paris: Gaston Doiz; 1906.

. Jackson JA, Free GBM, Pike HV. The psychic manifestations in paralysis agitans. Arch
Neurol Psychiatry. 1923;10:680—4.

6. Mjones H. Paralysis agitans, A clinical and genetic study. Copenhagen: Ejnar Munksgaard;
1949.

7. Schwab RS, Fabing HD, Prichard JS. Psychiatric symptoms and syndromes in Parkinson’s
disease. Am J Psychiatry. 1950;107:901-7.

8. Fenelon G, Goetz CG, Karenberg A. Hallucinations in Parkinson disease in the prelevodopa
era. Neurology. 2006;66:93-8.

9. Molho ES. Drug-induced psychosis: terminology, history, and frequency. In: Factor SA,
Weiner WJ, editors. Parkinson’s disease: diagnosis and clinical management. New York:
Demos Medical Publishing; 2002.

10. Jenkins RB, Groh RH. Mental symptoms in Parkinsonian patients with L-dopa. Lancet.

1970;2:177-80.

11. Damasio AR, Lobo-Antunes J, Macedo C. Psychiatric aspects in Parkinsonism treated with

L-dopa. J Neurol Neurosurg Psychiatry. 1971;34:502-7.

12. Goodwin FK. Psychiatric side effects of levodopa in man. JAMA. 1971;218:1915-20.

13. Sanchez-Ramos JR, Ortoll R, Paulson GW. Visual hallucinations associated with Parkinson’s
disease. Arch Neurol. 1996;53:1265-8.

14. Aarsland D, Larsen JP, Cummings JL, Laake K. Prevalence and clinical correlates of

psychotic symptoms in Parkinson’s disease. Arch Neurol. 1999;56:595-601.

15. Quelhas R. Psychiatric care in Parkinson’s disease. J Psychiatr Pract. 2013;19(2):118-41.

16. Lepore FE. Visual loss as a causative factor in visual hallucinations associated with
Parkinson’s disease. Arch Neurol. 1997;54:799.

17. Oyebode F. Sims symptoms in the mind: an introduction to descriptive psychopathology.

4th ed. Edinburgh: Saunders Elsevier; 2008.

18. Fénelon G, Mahieux F, Huon R, Ziegler M. Hallucinations in Parkinson’s disease. Prevalence,

phenomenology and risk factors. Brain. 2000;123:733-45.

(S SRS I )



134

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

1. Bountouni et al.

. Aarsland D, Larsen JP, Karlsen K, Lim NG, Tandberg E. Mental symptoms in Parkinson’s
disease are important contributors to caregiver distress. Int J Geriatr Psychiatry.
1999;14:866-74.

Aarsland D, Larsen JP, Tandberg E, Laake K. Predictors of nursing home placement
in Parkinson’s disease: a population-based, prospective study. J Am Geriatr Soc.
2000;48:938-42.

Factor SA, Feustel PJ, Friedman JH, Comella CL, Goetz CG, Kurlan R, Parsa M, Pfeiffer R,
Parkinson Study Group. Longitudinal outcome of Parkinson’s disease patients with psychosis.
Neurology. 2003;60:1756-61.

Aarsland D, Brgnnick K, Ehrt U, De Deyn PP, Tekin S, Emre M, Cummings
JL. Neuropsychiatric symptoms in patients with Parkinson’s disease and dementia:
frequency, profile and associated care giver stress. J Neurol Neurosurg Psychiatry.
2007;78:36-42.

Stuebner E, Vichayanrat E, Low DA, Mathias CJ, Isenmann S, Haensch C-A. Nocturnal
blood pressure, non-dipping and psychosis in Parkinson’s disease. J Neurol Sci,
2013;333(e75-e76):0022-510X.

Chaudhuri KR, Martinez-Martin P. Quantitation of non-motor symptoms in Parkinson’s
disease. Eur J Neurol. 2008;15 Suppl 2:2-7.

Berardelli A, Wenning GK, Antonini A, Berg D, Bloem BR, Bonifati V, Brooks D, Burn DJ,
Colosimo C, Fanciulli A, Ferreira J, Gasser T, Grandas F, Kanovsky P, Kostic V, Kulisevsky
J, Oertel W, Poewe W, Reese JP, Relja M, Ruzicka E, Schrag A, Seppi K, Taba P, Vidailhet
M. EFNS/MDS-ES recommendations for the diagnosis of Parkinson’s disease. Eur J Neurol.
2013;20:16-34.

Mack J, Rabins P, Anderson K, Goldstein S, Grill S, Hirsch ES, Lehmann S, Little JT,
Margolis RL, Palanci J, Pontone G, Weiss H, Williams JR, Marsh L. Prevalence of psychotic
symptoms in a community-based Parkinson disease sample. Am J Geriatr Psychiatry.
2012;20:123-32.

Fénelon G, Alves G. Epidemiology of psychosis in Parkinson’s disease. J Neurol Sci.
2010;289:12-7.

Barnes J, Connelly V, Wiggs L, Boubert L, Maravic K. Sleep patterns in Parkinson’s disease
patients with visual hallucinations. Int J Neurosci. 2010;120:564-9.

Barnes J, David AS. Visual hallucinations in Parkinson’s disease: a review and phenomeno-
logical survey. J Neurol Neurosurg Psychiatry. 2001;70:727-33.

Goetz CG, Ouyang B, Negron A, Stebbins GT. Hallucinations and sleep disorders in PD
Ten-year prospective longitudinal study. Neurology. 2010;75:1773-9.

Goetz CG, Vogel C, Tanner CM, Stebbins GT. Early dopaminergic drug-induced hallucina-
tions in parkinsonian patients. Neurology. 1998;51:811-4.

Khoo TK, Yarnall AJ, Duncan GW, Coleman S, O’Brien JT, Brooks DJ, Barker RA, Burn
DJ. The spectrum of nonmotor symptoms in early Parkinson disease. Neurology.
2013;80:276-81.

McKeith IG, Dickson DW, Lowe J, Emre M, O’Brien JT, Feldman H, Cummings J, Duda JE,
Lippa C, Perry EK, Aarsland D, Arai H, Ballard CG, Boeve B, Burn DJ, Costa D, Del Ser T,
Dubois B, Galasko D, Gauthier S, Goetz CG, Gomez-Tortosa E, Halliday G, Hansen LA,
Hardy J, Iwatsubo T, Kalaria RN, Kaufer D, Kenny RA, Korczyn A, Kosaka K, Lee VM,
Lees A, Litvan I, Londos E, Lopez OL, Minoshima S, Mizuno Y, Molina JA,
Mukaetova-Ladinska EB, Pasquier F, Perry RH, Schulz JB, Trojanowski JQ, Yamada M,
Consortium on DLB. Diagnosis and management of dementia with Lewy bodies: third report
of the DLB Consortium. Neurology. 2005;65:1863-72.

Mosimann UP, Rowan EN, Partington CE, Collerton D, Littlewood E, O’Brien JT, Burn DJ,
McKeith IG. Characteristics of visual hallucinations in Parkinson disease dementia and
dementia with Lewy bodies. Am J Geriatr Psychiatry. 2006;14:153-60.

Thanvi BR, Lo TC, Harsh DP. Psychosis in Parkinson’s disease. Postgrad Med
J. 2005;81:644-6.



6 Psychosis in Parkinson’s Disease 135

36.

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

Ravina B, Marder K, Fernandez HH, Friedman JH, McDonald W, Murphy D, Aarsland D,
Babcock D, Cummings J, Endicott J, Factor S, Galpern W, Lees A, Marsh L, Stacy M,
Gwinn-Hardy K, Voon V, Goetz C. Diagnostic criteria for psychosis in Parkinson’s disease:
report of an NINDS, NIMH work group. Mov Disord. 2007;22:1061-8.

Duvoisin RC. Parkinson’s disease. A guide for patient and family. Raven: New York;
1991.

Haeske-Dewick HC. Hallucinations in Parkinson’s disease: characteristics and associated
features. Int J Geriatr Psych. 1995;10:487-95.

Thompson C. Anwesenheit: psychopathology and clinical associations. Br J Psychiatry.
1982;141:628-30.

Graham JM, Gruenewald RA, Sagar HJ. Hallucinosis in idiopathic Parkinson’s disease.
J Neurol Neurosurg Psychiatry. 1997;63:434-40.

. Diederich NJ, Pieri V, Goetz CG. Die visuellen Halluzinationen des Parkinson-Patienten und

das Charles Bonnet Syndrom. Eine phinomenologische und pathogenetische
Gegeniiberstellung. Fortschr Neurol Psychiat. 2000;68:129-36.

Holroyd S, Currie L, Wooten GF. Prospective study of hallucinations and delusions in
Parkinson’s disease. ] Neurol Neurosurg Psychiatry. 2001;70:734-8.

Goetz CG, Diederich NJ, Fenelon G. Psychosis in Parkinson’s disease. In: Chaudhuri KR,
editor. Non-motor symptoms of Parkinson’s disease. New York: Oxford University
Press; 2009.

Diederich NH, Pieri V, Goetz CG. Coping strategies for visual hallucinations in Parkinson’s
disease. Mov Disord. 2003;18:831-8.

Manni R, Pacchetti C, Terzaghi M, Sartori I, Mancini F, Nappi G. Hallucinations and
sleep-wake cycle in PD: a 24-h continuous polysomnographic study. Neurology.
2002;59:1979-81.

Inzelberg R, Kipervasser S, Korczyn AD. Auditory hallucinations in Parkinson’s disease.
J Neurol Neurosurg Psychiatry. 1998;64:533-5.

Factor SA, Molho ES. Threatening auditory hallucinations and Cotard syndrome in Parkinson
disease. Clin Neuropharmacol. 2004;27:205-7.

Marsh L, Williams JR, Rocco M, Grill S, Munro C, Dawson TM. Psychiatric comorbidities
in patients with Parkinson disease and psychosis. Neurology. 2004;63:293-300.

Fénelon G, Thobois S, Bonnet AM, Broussolle E, Tison F. Tactile hallucinations in Parkinson’s
disease. J Neurol. 2002;12:1699-703.

Jiménez-Jiménez FJ, Orti-Pareja M, Gasalla T, Tallon-Barranco A, Cabrera-Valdivia F,
Fernandez-Lliria A. Cenesthetic hallucinations in a patient with Parkinson’s disease. J Neurol
Neurosurg Psychiatry. 1997;63:120.

Sandyk R. Olfactory hallucinations in Parkinson’s disease. S Afr Med J. 1981;60:950.
Goetz CG, Wuu J, Curgian LM, Leurgans S. Hallucinations and sleep disorders in PD:
six-year prospective longitudinal study. Neurology. 2005;64:81-6.

Chou KL, Messing S, Oakes D, Feldman PD, Breier A, Friedman JH. Drug induced psychosis
in Parkinson disease: phenomenology and correlations among psychosis rating instruments.
Clin Neuropharmacol. 2005;28:215-9.

Klawans H. Levodopa-induced psychosis. Psychiatr Ann. 1978;8:447-71.

Rabey JM. Hallucinations and psychosis in Parkinson’s disease. Parkinsonism Relat Disord.
2009;15 Suppl 4:S105-10.

Zahodne LB, Fernandez HH. A review of the pathophysiology and treatment of psychosis in
Parkinson’s disease. Drugs Aging. 2008;25(8):665-82.

Kiziltan G, Ozekmekci S, Ertan S, Ertan T, Erginoz E. Relationship between age and subtypes
of psychotic symptoms in Parkinson’s disease. J Neurol. 2007;254(4):448-52.

De Smet Y, Ruberg M, Serdaru M, Dubois B, Lhermitte F, Agid Y. Confusion, dementia and
anticholinergics in Parkinson’s disease. J Neurol Neurosurg Psychiatry. 1982;45:1161-4.
Golden WE, Lavender RC, Metzer WS. Acute postoperative confusion and hallucinations in
Parkinson’s disease. Ann Intern Med. 1989;111:218-22.



136

60

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

1. Bountouni et al.

. Goetz CG. Hallucinations in Parkinson’s disease: the clinical syndrome. Adv Neurol.
1999;80:419-23.

Gallagher DA, Schrag A. Psychosis, apathy, depression and anxiety in Parkinson’s disease.
Neurobiol Dis. 2012;46(3):581-9.

Factor SA, Molho ES, Podskalny GD, Brown D. Parkinson’s disease: drug-induced psychiatric
states. Adv Neurol. 1995;65:115-38.

Papapetropoulos S, Mash DC. Psychotic symptoms in Parkinson’s disease. From description
to etiology. J Neurol. 2005;252:753—-64.

Goetz CG, Leurgans S, Pappert EJ, Raman R, Stemer AB. Prospective longitudinal assess-
ment of hallucinations in Parkinson’s disease. Neurology. 2001;57:2078-82.

Goetz CG, Wuu J, Curgian L, Leurgans S. Age-related influences on the clinical charac-
teristics of new-onset hallucinations in Parkinson’s disease patients. Mov Disord.
2006;21:267-70.

Stuebner E, Vichayanrat E, Low DA, Mathias CJ, Isenmann S, Haensch CA. Twenty-four hour
non-invasive ambulatory blood pressure and heart rate monitoring in Parkinson’s disease.
Front Neurol. 2013;4:49.

Achary MSN, Govindappa ST, Basu P, Kumarswamy SD, Ramanathan R, Muthane
UB. Phenomenology and factors causing psychosis in Parkinson’s disease. Mov Disord.
2012;27:S280.

Bailbe M, Karolewicz S, Neau JP, Dumas P, Gil R, Association des neurologues du Poitou-
Charentes. Hallucinations, delusions, and nocturnal events in 152 Parkinson’s patients: a
regional survey. Rev Neurol (Paris). 2002;158(2):203-10.

Schrag A, Ben-Shlomo Y, Quinn N. How common are complications of Parkinson’s disease?
J Neurol. 2002;249(4):419-23.

Paleacu D, Schechtman E, Inzelberg R. Association between family history of dementia and
hallucinations in Parkinson disease. Neurology. 2005;64:1712-5.

Terzaghi M, Sinforiani E, Zucchella C, Zambrelli E, Pasotti C, Rustioni V, Manni R. Cognitive
performance in REM sleep behaviour disorder: a possible early marker of neurodegenerative
disease? Sleep Med. 2008;9(4):343-51.

Williams DR, Warren JD, Lees AJ. Using the presence of visual hallucinations to differen-
tiate Parkinson’s disease from atypical parkinsonism. J Neurol Neurosurg Psychiatry.
2008;79(6):652-5.

Fénelon G, Soulas T, Zenasni F, Cleret de Langavant L. The changing face of Parkinson’s
disease-associated psychosis: a cross-sectional study based on the new NINDS-NIMH
criteria. Mov Disord. 2010;25(6):763-6.

Sawada H, Oeda T, Umemura A, Tomita S, Hayashi R, Kohsaka M, Nakano H, Yamamoto
K. Hallucinations and delusions in patients with Parkinson’s disease — evaluation by the
Parkinson psychosis questionnaire. Eur J Neurol. 2011;18 Suppl 2:518.

Yadav R, Amar BR, Reddy YCIJ, Pal PK. Pattern of psychosis in Parkinson’s disease.
Parkinsonism Relat Disord. 2012;18 Suppl 1:31.

Lee AH, Weintraub D. Psychosis in Parkinson’s disease without dementia: common and
comorbid with other non-motor symptoms. Mov Disord. 2012;27(7):858-63.

Moskovitz C, Moses H, Klawans HL. Levodopa-induced psychosis: a kindling phenomenon.
Am J Psychiatry. 1978;135:669-75.

Wint DP, Okun MS, Fernandez HH. Psychosis in Parkinson’s disease. J Geriatr Psychiatry
Neurol. 2004;17(3):127-36.

Bell DS. The experimental reproduction of amphetamine psychosis. Arch Gen Psychiatry.
1973;29:35-40.

Goetz CG, Tanner CM, Klawans HL. Pharmacology of hallucinations induced by long-term
drug therapy. Am J Psychiatry. 1982;139(4):494-7.

Glenthgj BY, Hemmingsen R. Dopaminergic sensitization: implications for the pathogenesis
of schizophrenia. Prog Neuropsychopharmacol Biol Psychiatry. 1997;21:23-46.

Wolters EC. Intrinsic and extrinsic psychosis in Parkinson’s disease. J Neurol. 2001;248
Suppl 3:11122-7.



6 Psychosis in Parkinson’s Disease 137

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Sato M, Chen CC, Akiyama K, Otsuki S. Acute exacerbation of paranoid psychotic state after
long-term abstinence in patients with previous methamphetamine psychosis. Biol Psychiatry.
1983;18:429-40.

Sato M, Numachi Y, Hamamura T. Relapse of paranoid psychotic state in methamphetamine
model of schizophrenia. Schizophr Bull. 1992;18:115-22.

Melamed E. Neurobehavioral abnormalities in Parkinson’s disease. In: Watts RL, Koller WC,
editors. Movement disorders. New York: McGraw Hill; 1996.

Goetz CG, Pappert EJ, Blasucci LM, Stebbins GT, Ling ZD, Nora MV, Carvey PM. Intravenous
levodopa in hallucinating Parkinson’s disease patients: high-dose challenge does not precipi-
tate hallucinations. Neurology. 1998;50(2):515-7.

Richelson E. Receptor pharmacology of neuroleptics: relation to clinical effects. J Clin
Psychiatry. 1999;60 Suppl 10:5-14.

Perry E, Walker M, Grace J, Perry R. Acetylcholine in mind: a neurotransmitter correlate of
consciousness? Trends Neurosci. 1999;22:273-80.

Whitehouse PJ. Clinical and neurochemical consequences of neuronal loss in the
nucleus basalis of Meynert in Parkinson’s disease and Alzheimer’s disease. Adv Neurol.
1987;45:393-7.

Nakano I, Hirano A. Parkinson’s disease: neuron loss in the nucleus basalis without concomi-
tant Alzheimer’s disease. Ann Neurol. 1984;15:415-8.

Papapetropoulos S. Drug-induced psychosis in Parkinson disease: phenomenology and
correlations among psychosis rating instruments. Clin Neuropharmacol. 2006;29:59.
Goetz CG, Fan W, Leurgans S, Bernard B, Stebbins GT. The malignant course of “benign
hallucinations” in Parkinson disease. Arch Neurol. 2006;63:713-6.

Moustafa AA, Krishna R, Frank MJ, Eissa AM, Hewedi DH. Cognitive correlates of psycho-
sis in patients with Parkinson’s disease. Cogn Neuropsychiatr. 2014;19:381-98 [Epub ahead
of print].

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

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

Papapetropoulos S, McCorquodale DS, Gonzalez J, Jean-Gilles L, Mash DC. Cortical and
amygdalar Lewy body burden in Parkinson’s disease patients with visual hallucinations.
Parkinsonism Relat Disord. 2006;122(4):253-6.

Larsen JP, Tandberg E. Sleep disorders in patients with Parkinson’s disease. CNS Drugs.
2001;15(4):267-75.

Pacchetti C, Manni R, Zangaglia R, Mancini F, Marchioni E, Tassorelli C, Terzaghi M,
Ossola M, Martignoni E, Moglia A, Nappi G. Relationship between hallucinations, delu-
sions, and rapid eye movement sleep behavior disorder in Parkinson’s disease. Mov Disord.
2005;20(11):1439-48.

Pappert EJ, Goetz CG, Niederman FG, Raman R, Leurgans S. Hallucinations, sleep fragmen-
tation, and altered dream phenomena in Parkinson’s disease. Mov Disord. 1999;14:117-21.
Comella CL, Tanner CM, Ristanovic RK. Polysomnographic sleep measures in Parkinson’s
disease patients with treatment-induced hallucinations. Ann Neurol. 1993;34:710-4.

Arnulf I, Konofal E, Merino-Andreu M, Houeto JL, Mesnage V, Welter ML, Lacomblez L,
Golmard JL, Derenne JP, Agid Y. Parkinson’s disease and sleepiness. An integral part of
PD. Neurology. 2002;58:1019-24.

Diedrich NJ, Goetz CG, Raman R, Pappert EJ, Leurgans S, Piery V. Poor visual discrimination
and visual hallucinations in Parkinson’s disease. Clin Neuropharmacol. 1998;21:289-95.
Bodis-Wollner 1. Visual deficits related to dopamine deficiency in experimental animals and
Parkinson’s disease patients. Trends Neurosci. 1990;13(7):296-302.

Maurage CA, Ruchoux MM, de Vos R, Surguchov A, Destee A. Retinal involvement in
dementia with Lewy bodies: a clue to hallucinations? Ann Neurol. 2003;54:542-7.

Onofrj M, Bonanni L, Albani G, Mauro A, Bulla D, Thomas A. Visual hallucinations in
Parkinson’s disease: clues to separate origins. J Neurol Sci. 2006;248:143-50.



138

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

1. Bountouni et al.

Kraft E, Winkelmann J, Trenkwalder C, Auer DP. Visual hallucinations: white matter lesions
and disease severity in Parkinson’s disease. Acta Neurol Scand. 1999;99(6):362-7.

Stebbins GT, Goetz CG, Carrillo MC, Bangen KJ, Turner DA, Glover GH, Gabrieli JD. Altered
cortical visual processing in PD with hallucinations. Neurology. 2004;63:1409-16.

Holroyd S, Wooten GF. Preliminary fMRI evidence of visual system dysfunction in
Parkinson’s disease patients with visual hallucinations. J Neuropsychiatry Clin Neurosci.
2006;18(3):402-4.

Barnes J, Boubert L, Harris J, Lee A, David AS. Reality monitoring and visual hallucinations
in Parkinson’s disease. Neuropsychologia. 2003;41:565-74.

Gallagher DA, Parkkinen L, O’Sullivan SS, Spratt A, Shah A, Davey CC, Bremner FD,
Revesz T, Williams DR, Lees AJ, Schrag A. Testing an aetiological model of visual halluci-
nations in Parkinson’s disease. Brain. 2011;134(Pt 11):3299-309.

De la Fuente-Fernandez R, Nunez MA, Lopez E. The apolipoprotein E epsilon 4 allele
increases the risk of drug-induced hallucinations in Parkinson’s disease. Clin Neuropharmacol.
1999;22(4):226-30.

Feldman B, Chapman J, Korczyn AD. Apolipoprotein epsilon4 advances appearance of psy-
chosis in patients with Parkinson’s disease. Acta Neurol Scand. 2006;113(1):14-7.

Goetz CG, Burke PF, Leurgans S, Berry-Kravis E, Blasucci LM, Raman R, Zhou L. Genetic
variation analysis in Parkinson disease patients with and without hallucinations: case—control
study. Arch Neurol. 2001;58(2):209-13.

Camicioli R, Rajput A, Rajput M, Reece C, Payami H, Hao C, Rajput A. Apolipoprotein E
epsilon4 and catechol-O-methyltransferase alleles in autopsy-proven Parkinson’s disease:
relationship to dementia and hallucinations. Mov Disord. 2005;20(8):989-94.
Papapetropoulos S, Farrer MJ, Stone JT, Milkovic NM, Ross OA, Calvo L, McQuorquodale
D, Mash DC. Phenotypic associations of tau and ApoE in Parkinson’s disease. Neurosci Lett.
2007;414(2):141-4.

Chen CC, Lee ST, Wu T, Chen CJ, Chen MC, Lu CS. Short-term effects of bilateral subthalamic
stimulation for advanced Parkinson’s disease. Chang Gung Med J. 2003;26(5):344-51.
Herzog J, Volkmann J, Krack P, Kopper F, Potter M, Lorenz D, Steinbach M, Klebe S, Hamel
W, Schrader B, Weinert D, Miiller D, Mehdorn HM, Deuschl G. Two-year follow-up of sub-
thalamic deep brain stimulation in Parkinson’s disease. Mov Disord. 2003;18(11):1332-7.
Castelli L, Perozzo P, Zibetti M, Crivelli B, Morabito U, Lanotte M, Cossa F, Bergamasco B,
Lopiano L. Chronic deep brain stimulation of the subthalamic nucleus for Parkinson’s disease:
effects on cognition, mood, anxiety and personality traits. Eur Neurol. 2006;55(3):136-44.
Vesper J, Haak S, Ostertag C, Nikkhah G. Subthalamic. Nucleus deep brain stimulation in
elderly patients — analysis of outcome and complications. BMC Neurol. 2007;7:7.
Stephenson R, Houghton D, Sundarararjan S, Doty RL, Stern M, Xie SX, Siderowf A. Odor
identification deficits are associated with increased risk of neuropsychiatric complications in
patients with Parkinson’s disease. Mov Disord. 2010;25(13):2099-104.

Kitayama M, Wada-Isoe K, Irizawa Y, Nakashima K. Association of visual hallucinations
with reduction of MIBG cardiac uptake in Parkinson’s disease. J Neurol Sci. 2008;264:22—6.
Sawada H, Oeda T, Umemura A, Tomita S, Hayashi R, Kohsaka M, Yamamoto K, Sudoh S,
Sugiyama H. Subclinical elevation of plasma C-reactive protein and illusions/hallucinations
in subjects with Parkinson’s disease: case—control study. PLoS One. 2014;9(1):e85886.
Wolters EC, Berendse HW. Management of psychosis in Parkinson’s disease. Curr Opin
Neurol. 2001;14:499-504.

Fernandez HH, Donnelly EM, Friedman JH. Long-term outcome of clozapine use for
psychosis in parkinsonian patients. Mov Disord. 2004;19(7):831-3.

Fernandez HH, Trieschmann ME, Okun MS. Rebound psychosis: effect of discontinuation of
antipsychotics in Parkinson’s disease. Mov Disord. 2005;20(1):104-5.

Ramirez-Ruiz B, Junque C, Marti MJ, Valldeoriola F, Tolosa E. Cognitive changes in
Parkinson’s disease patients with visual hallucinations. Dement Geriatr Cogn Disord.
2007;23(5):281-8.

Uc EY, Struck LK, Rodnitzky RL, Zimmerman B, Dobson J, Evans WJ. Predictors of weight
loss in Parkinson’s disease. Mov Disord. 2006;21(7):930-6.



6 Psychosis in Parkinson’s Disease 139

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Goetz CG, Stebbins GT. Risk factors for nursing home placement in advanced Parkinson’s
disease. Neurology. 1993;43:2227-9.

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.
2010;133(Pt 6):1755-62.

Goetz CG, Stebbins GT. Mortality and hallucinations in nursing home patients with advanced
Parkinson’s disease. Neurology. 1995;45:669-71.

Hindle JV. The practical management of cognitive impairment and psychosis in the older
Parkinson’s disease patient. J Neural Transm. 2013;120(4):649-53.

NICE guideline CG103, Delirium: diagnosis, prevention and management. http://www.nice
.org.uk/guidance/CG103.

Hindle JV. Neuropsychiatry. In: Playfer J, Hindle J, editors. Parkinson’s disease in the older
patient. 2nd ed. Oxford: Radcliffe; 2008.

The Parkinson Study Group. Low-dose clozapine for the treatment of drug-induced psycho-
sis in Parkinson’s disease. N Engl J Med. 1999;340(10):757-63.

Schulte P. Risk of clozapine-associated agranulocytosis and mandatory white blood cell mon-
itoring. Ann Pharmacother. 2006;40(4):683-8.

Taylor D, Paton C, Kapur S. The Maudsley prescribing guidelines. 10th ed. London: Informa
Healthcare; 2010.

Eng ML, Welty TE. Management of hallucinations and psychosis in Parkinson’s disease. Am
J Geriatr Pharmacother. 2010;8(4):316-30.

Bleakley S. Identifying and reducing the risk of antipsychotic drug interactions. Prog Neurol
Psychiatry. 2012;16(2):20-4.

Shotbolt P, Samuel M, David A. Quetiapine in the treatment of psychosis in Parkinson’s dis-
ease. Ther Adv Neurol Disord. 2010;3(6):339-50.

Huybrechts KF, Schneeweiss S, Gerhard T, Olfson M, Avorn J, Levin R, Lucas JA, Crystal
S. Comparative safety of antipsychotic medications in nursing home residents. J Am Geriatr
Soc. 2012;60(3):420-9.

Huybrechts KF, Gerhard T, Crystal S, Olfson M, Avorn J, Levin R, Lucas JA, Schneeweiss
S. Differential risk of death in older residents in nursing homes prescribed specific antipsy-
chotic drugs: population based cohort study. BMJ. 2012;344:e977.

Murray M. Role of CYP pharmacogenetics and drug-drug interactions in the efficacy and
safety of atypical and other antipsychotic agents. J Pharm Pharmacol. 2006;58(7):871-85.
Seppi K, Weintraub D, Coelho M, Perez-Lloret S, Fox SH, Katzenschlager R, Hametner EM,
Poewe W, Rascol O, Goetz CG, Sampaio C. The movement disorder society evidence-based
medicine review update: treatments for the non-motor symptoms of Parkinson’s disease. Mov
Disord. 2011;26 Suppl 3:S42-80.

Goldman JG, Vaughan CL, Goetz CG. An update expert opinion on management and research
strategies in Parkinson’s disease psychosis. Expert Opin Pharmacother. 2011;12(13):2009-24.
Emre M, Aarsland D, Albanese A, Byrne EJ, Deuschl G, De Deyn PP, Durif F, Kulisevsky J,
van Laar T, Lees A, Poewe W, Robillard A, Rosa MM, Wolters E, Quarg P, Tekin S, Lane
R. Rivastigmine for dementia associated with Parkinson’s disease. N Engl J Med.
2004;351(24):2509-18.

Burn D, Emre M, McKeith I, De Deyn PP, Aarsland D, Hsu C, Lane R. Effects of rivastig-
mine in patients with and without visual hallucinations in dementia associated with
Parkinson’s disease. Mov Disord. 2006;21(11):1899-907.

Cummings J, Isaacson S, Mills R, Williams H, Chi-Burris K, Corbett A, Dhall R, Ballard
C. Pimavanserin for patients with Parkinson’s disease psychosis: a randomised, placebo-
controlled phase 3 trial. Lancet. 2014;383(9916):533—40.

Li CT, Tsai SJ, Hwang JP. Pramipexole-induced psychosis in Parkinson’s disease. Psychiatry
Clin Neurosci. 2008;62(2):245.

Habermeyer B, Kneifel S, Lotz-Bléuer I, Miiller-Spahn F. Psychosis in a case of schizophre-
nia and Parkinson’s disease. J Neuropsychiatry Clin Neurosci. 2008;20(3):373-5.


http://www.nice.org.uk/guidance/CG103
http://www.nice.org.uk/guidance/CG103

	Chapter 6: Psychosis in Parkinson’s Disease
	Introduction
	 Historical Background
	 Signs and Symptoms
	Diagnostic Criteria
	Visual Illusions and Hallucinations
	 Hallucinations in Other Sensory Modalities
	 Multimodal Hallucinations
	 Delusions
	 Delirium


	 Epidemiology
	 Pathophysiology
	Role of Dopamine
	 Role of Serotonin
	 Role of Acetylcholine

	 Risk Factors
	Age and Disease Duration
	 Cognitive Impairment
	 Lewy Body Distribution
	 Sleep Disorders
	 Visual Processing Deficits
	 Genetics
	 Deep Brain Stimulation (DBS) Surgery
	 Others

	 Prognosis
	Course
	 Prognostic Indicators

	 Management
	1st Step: Identify and Treat Other Potential Conditions
	 2nd Step: Optimize the Environment
	 3rd Step: Changing PD Treatment
	 4th Step: Specific Management

	 Case Scenarios
	References


