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Background:Hallucinations and delusions are severe long-term complications of Parkinson’s disease (PD). Clozapine is the only
antipsychotic with proven efcacy in PD psychosis (PDPsy) available outside the United States but apprehensions about its
adverse event profle result in a substantial underuse of clozapine.
Objectives: To investigate the practical use and long-term efcacy of clozapine in severe psychotic disorders in PD.
Methods: In this retrospective study, the author used data collected over a period of 20 years and included all PD patients under
his care, who were treated with clozapine for psychotic disorders.
Results:During the observation period, 41 PD patients (38 with PDPsy, 2 with psychotic depression, and one with schizoafective
disorder) were started on clozapine. Tey had responded poorly or only transiently to quetiapine. An overnight switch to
clozapine was tolerated in most. Maximum clozapine doses ranged from 12.5 to 150mg (72.9± 29.9mg). A signifcant reduction
in psychotic symptoms was achieved in 2 days to 6months. Among the cases tolerating clozapine, 10 had a full, 25 had a good, 3
had a moderate, and 2 had a poor clinical response to clozapine. Treatment lasted up to 12 years. Te long-term response was full
or good in 23, moderate in 3, and poor in 2 patients.
Conclusions:Clozapine is often efective in the treatment of psychotic disorders in PD including PDPsy poorly or only transiently
responding to quetiapine. Side efects including agranulocytosis are manageable in the majority of cases. Clozapine treatment
should not be delayed if other measures against PDPsy prove inefective.
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1. Introduction

Hallucinations and delusions represent severe long-term
complications of Parkinson’s disease (PD), often leading
to familial discord and nursing home admission [1, 2]. Te
development of PD psychosis (PDPsy) may follow a stepwise
progression, initiated by vivid dreaming; a false sense of
presence and illusions, succeeded by (mostly visual) hallu-
cinations, frst with retained insight, later with the loss of
insight into their pathological nature; and fnally delusions
[1, 2]. Mechanisms leading to PDPsy include a complex
interplay of neurodegeneration and drug treatment for
motor symptoms. Acute PDPsy is often triggered by ex-
ogenous factors such as dehydration, infection, or trauma.

Endogenous factors include age, duration of PD, and cog-
nitive decline [3].

Crucial steps in the management of PDPsy include
a careful search for exogenous triggers, their treatment,
reduction or withdrawal of adjuvant PD medication and,
depending on the persistence or severity of PDPsy, the
introduction of antipsychotics [3]. According to an
evidence-based MDS review, only two drugs, clozapine and
pimavanserin, show clear-cut efcacy in PDPsy [4], but
pimavanserin is not available outside the United States so far
[5]. Although the majority of randomized studies using
quetiapine in PDPsy were negative, quetiapine was labeled as
possibly useful in the MDS review [4] and is still widely used
in this indication in Europe. Other antipsychotics including
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risperidone, olanzapine, and aripiprazole led to substantial
worsening of motor symptoms and should be avoided in PD
[6]. Te rate of extrapyramidal side efects in randomized
controlled studies of brexpiprazole in Alzheimer’s disease
was low but still above placebo [7]. Marked worsening of
parkinsonism was observed in a single case following
treatment with brexpiprazole [8].

Te efcacy of clozapine in PDPsy was demonstrated in
two randomized, double-blind, placebo-controlled studies
[9, 10] with open long-term follow-up [11, 12]. In the
randomized studies, low doses of clozapine (6.25–50mg
daily) led to an improvement of psychosis without relevant
worsening of motor symptoms [9, 10]. Te French study,
which investigated the time-efcacy relationship in detail,
found an improvement in psychosis already at 1week after
treatment initiation. Further improvement was seen in the
next 3months and a relapse of psychosis in the majority of
patients after clozapine withdrawal [12]. To avoid the risk of
placebo treatment these studies excluded patients with very
severe PDPsy. In clinical practice, clozapine is the only useful
treatment option for patients with severe persecutory de-
lusions and psychotic PD patients with violent behavior.
Tese patients may beneft from higher clozapine doses than
the ones used in randomized studies [13].

Te risk of agranulocytosis is the most important lim-
iting factor for the use of clozapine. Other adverse events
include sedation, drooling, orthostatic hypotension, weight
gain ,and an increased risk of venous thromboembolism.
Concerns regarding its adverse event profle and challenges
associated with the required regular blood monitoring result
in a substantial underuse of clozapine [5, 14].

In this retrospective study, the author collected data
from all PD patients under his care, treated with clozapine
for psychotic disorders over a period of 20 years. Te aims of
the study were to investigate the practical use, long-term
efcacy, and adverse efect profle of clozapine in psychotic
disorders in PD.Tis included not only patients with PDPsy
but also PD patients with psychotic depression and pre-
existing psychosis. Nearly all patients in this study had
poorly or only transiently responded to pretreatment with
quetiapine. Special attention was paid to the tolerability of
a direct treatment switch and the dose relationship between
quetiapine and clozapine in PD.

2. Methods

Data from PD patients started on clozapine by the author,
a movement disorder specialist certifed in neurology and
psychiatry and practicing in Vienna, between March 2003
and September 2023, were identifed by retrospective review
of patient records and copies of frst clozapine prescriptions.
For inclusion, patients had to have a diagnosis of PD
according to the United Kingdom Brain Bank Criteria [15],
a psychotic disorder and clozapine treatment for psychosis.
Psychotic disorders included were either (1) PDPsy fulflling
DSM V-criteria in retrospect [16] with prominent visual
hallucinations and/or delusions, (2) psychotic depression, or
(3) pre-existing psychotic disorders. Patients with minor
hallucinations only (illusions, passage, or presence

hallucinations) [1], though some of them fulflled
NINDS-NIMH diagnostic criteria for PDPsy [2], were not
deemed afected severely enough for clozapine treatment. To
estimate the proportion of PD patients treated with cloza-
pine for psychosis, these were compared with the total
number of PD subjects frst seen and followed up at least
once by the author during the observation period which
lasted until December 2023. PD patients who commenced
on clozapine before March 2003 or by other physicians were
excluded from further analysis.

Demographic data collected included pre-existing psy-
chiatric disorders, age of PD onset, disease duration at the
frst occurrence of psychosis, spectrum of psychotic
symptoms, and time course as well as triggering factors of
psychosis. Previous antipsychotic treatments (especially
treatment with and response to quetiapine), PD medication
at the time of starting clozapine; mode of clozapine initia-
tion; initial and maximum clozapine dose; dosing frequency;
initial and long-term response including latency to frst and
maximum antipsychotic response, judged by the in-
vestigator as full (i.e,. complete resolution of psychotic
symptoms), good (i.e., mild residual symptoms of PDPsy),
moderate (i.e., relevant improvement, but marked residual
symptoms of PDPsy), or poor (i.e., no clear-cut improve-
ment of psychotic symptoms); adverse events and their
management; and patient survival were reviewed. Levodopa
equivalent doses of PDmedication at the time of initiation of
clozapine were calculated as described before [17]. For
concomitant changes in the treatment of motor symptoms,
antidepressants and cholinesterase inhibitors were
documented.

Data were pseudoanonymized and the study was ap-
proved by the Ethics Committee of the City of Vienna (EK
23-189-VK). Due to the retrospective design and the lack of
a control group, statistical analysis was limited to the cal-
culation of mean values± standard deviation for the age of
PD onset, disease duration at the frst occurrence of psy-
chotic symptoms, time since the frst occurrence of psy-
chosis, duration of the current episode of psychosis, starting
and maximum clozapine dose, duration of clozapine
treatment and duration of PD, and age at the time of death in
those deceased.

3. Results

A retrospective chart review identifed 661 PD patients frst
seen and then followed between 2003 and 2023. Of them, 41
patients (17 female) were started on clozapine for psychosis
by the investigator. Additional fve patients with PDPsy were
initiated on clozapine by other physicians, but data from
those patients were only used to allow for an estimate of
overall clozapine use for psychosis in PD (46 of 661 PD
patients, i.e., approximately 7%).

Te age at onset of PD in the 41 patients included was
59.1± 7.7 years (mean± SD). Indications for clozapine were
PDPsy (n� 36), in two of the cases with isolated visual
hallucinations, in one with isolated delusions without hal-
lucinations, and in 33 with both, hallucinations and de-
lusions. Other indications included severe agitation
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associated with PDPsy (n� 1), severe hypersexuality with
attempted rape in addition to PDPsy (n� 1), psychotic
depression with suicidality (n� 2), and development of PD
in a patient with schizoafective psychosis (n� 1). Clinical
data and details on antipsychotic treatment in 38 patients
with PDPsy are summarized in Tables 1, 2, and 3. Illustrative
case histories are presented in the Supporting Information
(available here).

3.1. Patients With PDPsy. In those with PDPsy, the frst
psychotic symptoms were observed from 6months to
29 years (9.8± 6.4 years) after the onset of motor symptoms.
Latency from the frst onset of psychosis to the com-
mencement of clozapine ranged from 0.5months to 18 years
(3.0± 3.5 years). At the initiation of clozapine treatment, 8
patients sufered from acute PDPsy, 6 from long-standing
PDPsy, 21 from an exacerbation, and 3 from a relapse of
PDPsy. Duration of ongoing psychotic symptoms at the time
of clozapine initiation ranged from 2weeks to 3 years
(6.5± 9.8months). Te most common trigger for psychosis
at the time of clozapine initiation was dementia. Other
important triggers included trauma, acute infections, and
dopamine agonist treatment (see Table 1).

Of those with PDPsy, 37/38 had been pretreated with
quetiapine at daily doses between 12.5 and 500mg, in most
cases with up to 150mg per day. Response to quetiapine
ranged from no response (n� 11), poor or moderate
(n� 19), to transient (n� 8). Individual patients had been
pretreated with other antipsychotics (see Table 1).

Te majority of PDPsy patients (33/37) underwent an
immediate overnight switch from quetiapine to clozapine,
usually at a 3:1 or 4:1 ratio, as recommended previously [18].
Other cases were started at a low dose (6.25 or 12.5mg) and
uptitrated daily if they were inpatients or weekly in out-
patients, in most cases at 12.5mg steps. Te starting dose in
the PDPsy group was 37.7± 18.7mg. A single patient who
was switched from 150mg quetiapine to 50mg clozapine at
bedtime reacted with troublesome sedation and stopped
treatment. After months, a second treatment trial, starting
with a reduction of quetiapine from 150 to 100mg and an
addition of 12.5mg clozapine, again led to troublesome
sedation and was aborted. All other 37 PDPsy patients
tolerated the initial dose. Te maximum clozapine dose
ranged from 12.5 to 150mg (72.9± 29.9mg).Temajority of
patients showed an improvement in nighttime sleep after the
frst dose of clozapine. Latency to a meaningful response of
psychosis ranged from 2 days to 6months (see Table 1). Of
the 37 PDPsy cases tolerating clozapine, 10 had a full, 23 had
a good, 2 had a moderate, and 2 showed a poor clinical
response to clozapine. Advancing dementia appeared to be
the main reason for the lack of response.

Of the 37 patients who tolerated clozapine initially, only
one (Case 2) opted to discontinue clozapine. In this case,
trauma had led to severe psychosis with suicidal ideation.
Te patient responded well to clozapine and remained stable
following clozapine withdrawal at 10months. In two pa-
tients, clozapine had to be stopped for adverse events. In one
patient (Case 23, see Supporting Information [available

here]) the reason was agranulocytosis manifesting 8weeks
after starting clozapine. In another patient, thrombotic
embolic pulmonary hypertension was diagnosed 8months
after initiating clozapine. Although the retrospective workup
clarifed that this condition must have originated before
starting clozapine, it was withdrawn to minimize the risk of
further thromboembolic events. Both patients were switched
to quetiapine and sufered from several relapses of mild to
moderate psychosis till death.

Other adverse events included a case of pulmonary
embolism 1month after clozapine initiation, potentially
related to treatment and substantial weight gain (38%
within 1 year) in the same subject. In addition to the
subject with intolerable sedation (see above), 10 patients
sufered from sedation which often improved after re-
ducing the clozapine dose. Five complained of drooling
and 2 complained of worsening orthostatic hypotension.
In 20/38 PDPsy patients, no relevant side efects were
documented. None of the patients showed worsening
motor symptoms and several noted an improvement of
tremor on clozapine.

By the end of the observation period, 25 patients with
PDPsy had died, 9 were still followed, and 4 were lost to
follow-up. Documented treatment duration in those initially
tolerating clozapine ranged from 2months to 12 years
(30.6± 34.5months). Last clozapine dose was 58.9± 33.5mg.
At this time point, 33/38 patients took a single clozapine
dose at bedtime, 5 took a low dose in the late afternoon/early
evening, and the larger dose was taken at bedtime. Long-
term response in those taking clozapine for more than
6months was full or good in 23/28 patients and moderate in
3/28 patients. Long-term response was poor in 2 PDPsy
patients with progressive dementia who had shown a tran-
sient response in the beginning.

Te 25 PDPsy patients who died during the observation
period had a disease onset at 59.8± 7.6 years and experi-
enced their frst psychosis at the age of 70.7± 8.3 years. Tey
started clozapine at 74.8± 7.3 years and were treated for
3.5± 3.2 years. Teir age at death was 78.3± 6.6 years after
a disease duration of 5–29 (18.9± 6.9) years. None of the
deaths appeared to be related to clozapine treatment.

3.2. PD Patients With Other Psychotic Disorders. Two PD
patients with psychotic depression with suicidality, in one
case, evolving 4 years after the onset of motor symptoms,
and in the other, before the onset of parkinsonism, switched
to clozapine after prolonged treatment with quetiapine in
one or with quetiapine and aripiprazole in the other case.
One case showed a good and the other a moderate response
to 50mg clozapine. In both, suicidal ideation ceased with
clozapine treatment. One patient with schizoafective psy-
chosis since early youth, progressive parkinsonism since the
age of 47 years, and documented dopaminergic degeneration
at age 57 showed an excellent motor and psychiatric re-
sponse to a treatment change from risperidone and olan-
zapine to clozapine, followed by initiation of levodopa. For
details, see case histories 39–41 in Supporting Information
(available here).
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4. Discussion

Te high efcacy of clozapine in the treatment of PDPsy has
been demonstrated in randomized, controlled [9, 10], and
open-label studies [11, 13, 19–21]. Clozapine appears to be
useful also in other psychotic disorders in PD including
psychotic depression and pre-existing psychoses [22]. Te
present results further support the use of clozapine in
psychotic disorders in PD, including patients with poor
response to quetiapine. Although the proportion of PD
patients treated with clozapine in this study (around 7%) is
similar to another report from a specialized movement
disorder center [13], clozapine was initiated often only after
a prolonged course of psychosis and usually as second-line
antipsychotic following quetiapine. Te primary reasons for
delaying clozapine were concerns about side efects and
reluctance to undergo regular blood monitoring on the side

of the patients and relatives, factors that lead to a severe
underuse of clozapine [5, 14].

Adverse events observed in the present study were
within the anticipated range. Te risk of clozapine-induced
agranulocytosis, possibly a toxic reaction related to the
formation of nitrenium ions from clozapine metabolites in
individuals with genetic susceptibility, is in the order of
0.5%–1%. Agranulocytosis typically evolves during the frst
18weeks on clozapine and few cases occur beyond 6months
of treatment [23]. Cases of neutropenia with later onset are
often related to other causes such as viral infections. Late-
onset neutropenia may not always warrant a termination of
clozapine treatment [24]. A single patient in the study de-
veloped agranulocytosis 8 weeks after initiating clozapine.
Tis event could be managed by discontinuing clozapine,
treatment with flgrastim, a strategy recommended to
shorten the neutropenic phase [23], and a direct

Table 2: Antipsychotic treatment before starting clozapine in 38 patients with PD psychosis.

Case no. Previous AP pretreatment (max. daily dose) Response to QUE Switch from QUE to CLO
1 QUE 425 Poor 425–100mg
2 None Poor No
3 QUE 150 No 150–50mg
4 QUE 275 Poor 150–37.5mg
5 QUE 100 No 100–25mg
6 QUE 150 Moderate 150–50mg
7 QUE 150 Moderate 150–50mg
8 QUE 150 Poor 150–50mg
9 QUE 150 Poor 150–50mg
10 QUE 150 Poor 150–50mg
11 QUE 25 No 25–12.5mg
12 QUE 500 No 200–50mg
13 QUE 25 Worsening No
14 QUE 150 Poor 150–50mg
15 QUE 200 Transient 200–50mg
16 QUE 100 No No
17 TIA 200, QUE 25 No 25–25mg
18 QUE 100 No 100–25mg
19 OLA 2.5, QUE 150, No 150–50mg
20 HAL 10, RIS 1, QUE 150 Transient 150–50mg
21 QUE 200 Moderate 200–50mg
22 QUE 200 Moderate 100–25mg
23 2.5 OLA, 80 PRO, QUE 150 Moderate Within days
24 100 QUE, HAL 5 Transient 100–25mg
25 QUE 100 Poor 100–37.5mg
26 QUE 100 Transient 100–25mg
27 QUE 100 Poor, moderate later on 100–25mg
28 QUE 200 Transient 200–50mg
29 QUE 150 No 150–50mg
30 QUE 150 Moderate 150–50mg
31 RIS 1.5, QUE 150 Transient 150–50mg
32 QUE 250 Moderate 250–50mg
33 QUE 25, RIS 0.5 Poor 25 QUE and 0.5 RIS to 25mg
34 QUE 50 No 50–12.5mg
35 QUE 275 Transient 275–50mg
36 QUE 150 Poor 150–50mg
37 QUE 112,5 Transient 112.5–6.25mg
38 QUE 100 Poor 50–25mg
Abbreviations: AP, antipsychotic; HAL, haloperidol; OLA, olanzapine; PD, Parkinson’s disease; PRO, prothipendyl; QUE, quetiapine; RIS, risperidone; TIA,
tiapride.
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antipsychotic switch back to quetiapine. Owing to manda-
tory weekly blood monitoring, the mortality of clozapine-
induced agranulocytosis is substantially lower than the
mortality of agranulocytosis related to other non-
chemotherapy drugs (around 3% versus 7%–10% [23]). A
single patient developed a pulmonary embolism 1month
after starting clozapine. Venous thromboembolism is a rare
but serious adverse event associated with clozapine which
may occur days to years after clozapine initiation, in-
dependent of clozapine dose [25].

Te most common adverse efect, daytime sedation,
often responded to a reduction of clozapine dose. Fur-
thermore, single-dosing at bedtime can help to prevent this
adverse event. Nevertheless, individual PD patients may not
tolerate clozapine because of sedation, even when admin-
istered at bedtime and at low doses. Drooling and worsening
of orthostatic hypotension can be troublesome side efects
which may need specifc management. Weight gain is one of
the most common adverse efects of clozapine in psychiatric
patients but is rarely observed in PD. In fact, a study
comparing body weight in PD patients before and after
starting clozapine found that PD patients continued to lose
weight after treatment initiation [26]. Interestingly a single
patient in the present study gained 38% body weight within
a year on clozapine. Immobility after stopping an apo-
morphine pump may have contributed to weight gain in this
case. Metabolic syndrome, dyslipidemia, insulin resistance,
and new-onset diabetes are common side efects of clozapine
in psychiatric populations. Although patients in the present
study were not routinely screened for metabolic side efects,
none developed diabetes mellitus. No adverse events related
to high doses or rapid titration of clozapine such as seizures
or myocarditis [27] were observed in the present study.
Likewise, no case of hematological malignancy, a recently
described long-term adverse event related to cumulative
clozapine dose [28], was encountered.

All but one of the patients in the study were pretreated
with quetiapine andmany had received other antipsychotics.
None of those pretreated were good long-term responders to
quetiapine. Randomized, double-blind, placebo-controlled
studies of quetiapine in PDPsy were negative [29–31], with
the exception of a single small study showing an im-
provement in sleep and visual hallucinations by quetiapine
given at bedtime [32]. Two randomized, but single-blinded
studies comparing quetiapine and clozapine [33, 34] found
that both drugs were efective in PDPsy, although clozapine
was superior to quetiapine in one of the studies [34]. Despite
limited evidence, quetiapine was labeled as possibly useful in
an evidence-based MDS review [4] and is probably the
antipsychotic most commonly used in PD outside the
United States. Based on the author´s experience, quetiapine
can efectively control hallucinations in many PD patients.
Delusions tend to respond to quetiapine much rarer, an
observation already made in previous studies [35]. We found
that PDPsy rarely responded to an increase in quetiapine
dose beyond 150mg. Based on our own experience and
expert opinion [36], we think that PDPsy patients should be
switched to clozapine at the latest if they do not respond to
a dose of 150mg quetiapine. A direct overnight treatment

switch from quetiapine to clozapine at a ratio of 3:1 or 4:1, as
suggested previously [18], was tolerated by the vast majority
of patients in the present study. Tis dose ratio can also be
used when a switch back to quetiapine would become
necessary, for example, in case of the development of severe
neutropenia or agranulocytosis.

Te inverse 5-HT2A receptor agonist pimavanserin, which
has no dopamine receptor blocking activity, is the only ap-
proved drug for the treatment of PDPsy in the United States.
Pimavanserin has a good safety profle and improved hallu-
cinations, delusions, and nighttime sleep in a randomized
placebo-controlled trial involving patients with mild to
moderate PDPsy [37]. Tis was confrmed by a meta-analysis
including unpublished prospective pimavanserin studies [38].
Although no data from prospective comparative trials are
available, there is indirect evidence that clozapine may be
superior to pimavanserin in terms of antipsychotic efcacy
[39]. Moreover, uncontrolled studies show that PDPsy patients
with the initial response to pimavanserin often need additional
antipsychotic treatment later on [40] and that PDPsy refractory
to pimavanserin may improve on clozapine [41].

Brexpiprazole is a partial dopamine D2 receptor agonist,
recently approved in the United States for the treatment of
agitation in Alzheimer’s disease. Compared to aripiprazole,
brexpiprazole has lower intrinsic activity at D2 receptors. A
single case study found brexpiprazole helpful and tolerable
in a 82-year-old PD patient with psychosis and delirium.
However, this patient had been treated with unusually high
doses of dopamine agonists [42]. By contrast, marked
worsening of parkinsonism was observed in another single
case following treatment with brexpiprazole [8]. Tough
low, the rate of extrapyramidal side efects in randomized
controlled studies of brexpiprazole in Alzheimer’s disease
was still above placebo [7] and no data from prospective
studies of brexpiprazole in PD are available.

Pretreatment with quetiapine, which in the end proved
nonefcacious, led to the selection of a PD patient sample
with severe psychosis, with all but two PDPsy patients
sufering from delusions, and some of them showing severe
agitation, violent behavior, and suicidality. Nevertheless,
almost 90% of the PDPsy patients tolerating clozapine
showed full or good response and almost 80% of the patients
showed good long-term response of psychosis. However, the
average dose of clozapine in the present study (72.9mg at
maximum) needed for efective control of psychosis was
substantially higher than the doses used in randomized
studies. Insomnia, vivid dreams, and nighttime agitation
often responded to the frst dose of clozapine. Hallucinations
usually improved within a few days to 2weeks. By contrast,
delusions, particularly those unrelated to hallucinations,
sometimes only gradually improved and occasionally only
resolved after months or even years of clozapine treatment
(see, for example, Case 16). Tis parallels observations in
schizophrenia, where the latency to the response of delusions
to antipsychotics is longer than the time to the improvement
of hallucinations [43] and the process of amelioration of
delusions is often gradual with abnormal thoughts frst
becoming less pressing and delusions sometimes only re-
solving after months of antipsychotic treatment [44].
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According to the motivational salience hypothesis [45],
dopamine mediates the conversion of neural representations
of external stimuli from neutral information into an at-
tractive or aversive entity, that is, it confers salience to
perceptions and ideas. Psychosis in schizophrenia results
from a hyperdopaminergic state lending increased, aberrant
salience to experiences in the environment and internal
representations. Antipsychotics, by blocking dopamine D2
receptors, dampen the abnormal salience of these experi-
ences [44]. In a patient with delusions, antipsychotics do not
primarily change the content of the delusional thoughts or
ideas but frst reduce the degree to which the symptoms
occupy the mind and distress the patient, meaning that the
abnormal thoughts may be still there but not important any
more. Only later, over weeks, the fundamental content of the
delusions may be deconstructed and vanish completely [44].
Tese mechanisms may be relevant to PDPsy as well, in
particular for delusions not directly related to hallucinations.

Suicide is generally held as a rare event in PD. However,
studies have shown an increased rate of suicide in PD patients
following deep brain stimulation surgery. A recent meta-
analysis found a higher risk of suicidal behavior in PD as
compared to controls [46]. In line with these data, both
patients with psychotic depression and other patients with
PDPsy included in the present study were sufering from
suicidality. Clozapine is among the few psychopharmaceutical
options with a clear role in suicide prevention in psychiatric
populations [47]. Clozapine’s benefcial efect on suicidality
may also be relevant to PD patients with psychosis.

Dementia appeared to be the main triggering factor for
psychosis in the present study. Also, poor response to
clozapine, observed in a small minority of patients, most
likely was related to progressive dementia. Of particular
interest in this regard was a single patient with early hal-
lucinations on dopamine agonist treatment and the devel-
opment of dementia and severe PDPsy (responding to
clozapine) only 3 years after the onset of PD at the age of
63 years. Genetic testing within another research pro-
gramme showed a heterozygote GBA mutation (E326K),
which may have contributed to the aggressive course of his
parkinsonism and early development of PDPsy. Te vast
majority of PDPsy patients in this series received cholin-
esterase inhibitors. A recent meta-analysis confrmed that
cholinesterase inhibitors improve hallucinations and de-
lusions overall. However, unfortunately, their efect size on
psychotic symptoms in PD is low [48].

Tis study has several limitations. It was a retrospective,
open-label, single-observer study with a restricted number of
patients. Due to the retrospective nature of the study and the
complexity of psychotic disorders in PD, initiation of clozapine
was accompanied by changes in medication for motor
symptoms, treatment of other triggering factors, and initiation
of cholinesterase inhibitor treatment in some of the patients.
Natural fuctuations in the severity of psychosis and placebo
response have to be considered as contributors to the outcome.
Consequently, the antipsychotic response in this study cannot
be fully attributed to clozapine. However, the majority of
patients had a prolonged latency from the frst psychotic
symptoms to the initiation of clozapine, which in many cases

had led to a reduction of adjuvant PD medication with a high
potential to induce psychosis before starting clozapine. To
exemplify, only one of the 38 patients with PDPsy was on an
anticholinergic at the time of starting clozapine and only 10/38
were still on an oral dopamine agonist.

Since patients were followed in a routine setting, no
psychometric scale to assess psychotic symptoms and no
standardized instruments to document adverse events were
used. Furthermore, clinic or practice visits did not follow
a fxed schedule. Due to these methodological limitations,
the lack of an a priory defned hypothesis, and the lack of
a control group, no formal statistical testing of outcomes was
performed. However, patients and caregivers were routinely
questioned for the presence of hallucinations and delusions
in the time period before each clinical follow-up. Im-
provement or worsening of psychotic features and adverse
events were meticulously recorded.

Te strengths of the present study are the standardized
documentation and treatment approach provided by a single
observer, the detailed description of psychopathology and its
response to clozapine, the long clinical follow-up with ob-
served clozapine treatment times of up to 12 years, and the
inclusion of patients with severe psychotic disorders poorly
responsive to quetiapine, and often requiring higher doses of
clozapine than in randomized studies.

Our observations lend further support to the usefulness of
clozapine in the treatment of PDPsy and other psychotic dis-
orders in PD including psychotic depression and pre-existing
psychoses. We found clozapine to be efective in patients with
psychoses poorly or only transiently responding to quetiapine.
A treatment switch to clozapine should be considered if other
measures against PDPsy are not efective. Hallucinations may
respond earlier than delusions. Adverse events including
agranulocytosis are manageable in the majority of patients.
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