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Background: Treating neuropsychiatric problems in Parkinson’s disease (PD) remains 

challenging. Only rivastigmine has US Food and Drug Administration approval for the treatment 

of PD dementia. Some studies have shown that atypical neuroleptics adequately improve hal-

lucinations while others suggest that side effects and increased mortality negate benefit. We 

utilized a chart review to assess the tolerability and efficacy of commonly used agents for 

neuropsychiatric symptoms in PD.

Methods: We reviewed patients with a PD diagnosis in our clinic database who were being 

treated with antidementia agents (donepezil, galantamine, rivastigmine, memantine) or atypi-

cal neuroleptics (quetiapine, olanzapine, clozapine) by two PD specialists over 13 years. We 

determined tolerability by therapy retention in comparison with the accepted gold standard, ie, 

rivastigmine for dementia and clozapine for hallucinations. Clinician documentation of patient/

caregiver or personally perceived clinical improvement was recorded to define therapeutic 

response. Secondary outcome measures were death, treatment-limiting side effects, and weight 

change.

Results: A total of 171 PD patients met criteria for study inclusion. All medications were 

similarly retained in comparison with the standard, with the exception of donepezil which was 

significantly better (P , 0.02) than rivastigmine. Using the documentation metric, no medica-

tion was statistically superior to its standard. Olanzapine approached significance because it 

was inferior to the clozapine standard (P , 0.08). Secondary outcome measures were similar 

among medications.

Conclusion: We conclude that, as a group, acetylcholinesterase inhibitors, atypical neuro-

leptics, and memantine are well tolerated in treating either cognitive difficulties or hallucina-

tions in PD. They appear to offer variable levels of clinical benefit, as well per documented 

therapeutic responses. Side effects, death, and weight change were not significantly different 

among medications.

Keywords: Parkinson’s disease, atypical neuroleptics, acetylcholinesterase inhibitors, dementia, 

hallucinations

Introduction
Parkinson’s disease (PD) is the second most common neurodegenerative disorder, 

affecting millions of people worldwide, with most older than 60 years.1 It is diagnosed 

clinically by features of asymmetric resting tremor, rigidity, bradykinesia, and postural 

instability. The main PD treatments principally alleviate these motor symptoms by 

augmenting dopaminergic function in the basal ganglia. However, nonmotor symp-

toms are often much more debilitating, and treatments are less well established.2–5 PD 

patients suffer from a variety of neuropsychiatric complaints, including psychosis at 
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rates of 30%–40% and dementia at approximately 30%.4–6 

Several agents have been used in attempts to alleviate both 

these symptoms. Unfortunately, there is a paucity of available 

comparative efficacy data.7

Typically, acetylcholinesterase inhibitors and memantine 

are the agents used clinically for PD dementia. Donepezil 

and rivastigmine have both been shown in several studies 

to have a mild to modest benefit in cognition.8–12 However, 

only rivastigmine (Exelon®; Novartis Pharmaceuticals; 

Basel, Switzerland) has received approval for this indica-

tion from the US Food and Drug Administration in con-

trast with the other agents which have been approved in 

Alzheimer’s disease. Although not approved by the Food 

and Drug Administration for PD, atypical neuroleptics are 

often favored in the treatment of psychosis when hallucina-

tions are most prominent.5 Atypical neuroleptics as a group 

have been shown to cause fewer extrapyramidal symptoms 

than the typical antipsychotics, which mainly target the 

D2 receptor.13 The atypical neuroleptic, clozapine, has gen-

erally been regarded as the most effective, based upon two 

double-blind, placebo-controlled studies, and another atypi-

cal neuroleptic, quetiapine, may also be beneficial in some 

patients.7,14–16 Published results for quetiapine have been less 

consistent.17 A third atypical neuroleptic, olanzapine, has 

lower efficacy, and its utility has been limited by worsening 

PD motor function.18–20

Many studies, including some related to CATIE (Clinical 

Antipsychotic Trials in Intervention Effectiveness), raise 

concerns that any atypical neuroleptic benefits are offset by 

side effects and intolerability.21 In these studies, olanzapine 

and quetiapine were associated with a higher degree of 

cardiovascular morbidity22 and weight gain,23 while the 

class as a whole was shown to increase the odds of death by 

1.3–1.9 times that in the nontreatment group.24

In this study, our goal was to compare the use of dementia 

and psychosis medications in our clinical practice. We exam-

ined the use of acetylcholinesterase inhibitors, memantine, 

and atypical neuroleptics to delineate better the tolerability 

and efficacy of each drug. We also sought to examine better 

the level of side effects for each drug to determine the extent 

to which side effects offset symptomatic benefit. Because 

acetylcholinesterase inhibitors and atypical neuroleptics are 

often used in elderly PD patients suffering from multiple 

comorbidities and moderately severe cognitive dysfunc-

tion, it was felt impractical to perform formalized neurop-

sychologic testing in this population due to “floor” effects; 

patients generally cannot cooperate sufficiently to provide 

meaningful data. We employed a model whereby clozapine 

was designated as the reference atypical neuroleptic, and 

rivastigmine was designated as the reference acetylcholinest-

erase inhibitor. Each medication was compared statistically 

with its reference standard for both symptom improvement 

and tolerability. This design created a practical method for 

identifying potential differences between commonly used 

treatments for dementia and psychosis in PD, while maintain-

ing the focus on severely affected patients.

Materials and methods
We conducted a retrospective analysis of patients taking 

donepezil, galantamine, rivastigmine, memantine, quetia-

pine, olanzapine, or clozapine treated by two movement 

disorder specialists (JF and TD) at Vanderbilt University 

Hospital. The study protocol was approved by the Vanderbilt 

institutional review board. We examined medical records 

data stored in a clinical database named StarPanel which 

held all patient information from Vanderbilt University from 

January 1, 1998 until the present. Patients who carried the 

diagnosis of PD were included in the study up to the date of 

October 31, 2010. Patients were selected from those patients 

seen by JF or TD by inputting the search terms “rivastig-

mine”, “Exelon®”, “donepezil”, “Aricept®”, “galantamine”, 

“Razadyne®”, “memantine”, “Namenda®”, “quetiapine”, 

“Seroquel®”, olanzapine, “Zyprexa®”, “Clozaril®”, and 

“clozapine” into the search engine in the database. This 

large group of patients underwent chart review to determine 

if the treating physician indeed felt they had idiopathic PD, 

and whether the selected agents were used for dementia or 

hallucinations. Patients were diagnosed by our movement 

specialists with PD if they had two of the four cardinal motor 

features (resting tremor, bradykinesia, rigidity, postural 

instability) as well as a robust response to L-dopa. Patients 

without L-dopa responsiveness or these cardinal features 

were excluded from further analysis, with the exception of 

eight patients with documented partial L-dopa responsiveness 

and the aforementioned clinical features.

Tolerability was defined as drug retention time as com-

pared with the gold standard for dementia (rivastigmine) 

and hallucinations (clozapine). Efficacy was defined by 

documented clinical benefit from either the patient/caregiver 

or the physician. These data were not available in the chart 

for every patient. These patients were not included in the 

later analysis for this metric. Secondary outcome measures 

included weight change, death, and documented treatment-

limiting side effects. Death was only recorded when there 

was a documented date of death, despite several instances 

where elderly frail patients were lost to follow-up for years 
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at a time. Weight change was measured using the available 

visit data corresponding to initiation of medication until the 

last documented weight at the visit where the medication 

was discontinued or the last documented clinic visit. Side 

effects were determined by documented patient/caregiver 

complaint and assigned to several categories, ie, worsening 

motor function, worsening cognition, somnolence/sedation, 

gastrointestinal side effects, neutropenia, and other.

We tabulated the number of months patients were on 

particular drugs to determine retention time. Those who 

entered the study cohort less than 12 months before the end 

date and did not stop a particular drug prematurely due to 

side effects or lack of benefit were censored. The cohort with 

censored data was then analyzed for retention time using 

Kaplan-Meier estimators. Log rank test statistics and P values 

were computed to compare the difference in retention time 

between a drug group and a reference group. The P values 

were adjusted for multiple comparisons using the Bonferroni 

method. The gold standard drugs were used as reference for 

comparisons for their respective indications: rivastigmine for 

cognition drugs (donepezil, galantamine, memantine) and 

clozapine for hallucination drugs (olanzapine, quetiapine). 

Efficacy or treatment benefit was evaluated as the propor-

tion of those (patients/caregivers or physicians) reporting 

documented positive benefit from the drug. The difference 

between a drug and the reference drug was tested using 

Chi-square analysis. The benefit reported by physicians or 

patients/caregivers was analyzed separately. Corrections for 

multiple comparisons again utilized the Bonferroni method. 

Because a drug was evaluated for treatment benefit by both 

physicians and patients, a Kappa test was performed to exam-

ine whether the two evaluations agreed with each other for 

each individual drug. All tests were two-tailed, with P , 0.05 

deemed as significant. All computations were done using R 

(http://cran.r-project.org/).

Results
A total of 171 PD patients met the criteria for inclusion. This 

group reflected a fairly typical subset of the national PD 

population, with a higher percentage of men (64.91%) and 

a median age of onset of 60 years. The median time from 

onset until treatment with a neuropsychiatric medication was 

111 months (Table 1). The number of patients treated with 

each of the targeted medications was as follows: clozapine 

(n = 30), olanzapine (n = 12), quetiapine (n = 114), meman-

tine (n = 53), galantamine (n = 2), donepezil (n = 63), and 

rivastigmine (n = 73). Patients received a variety of differ-

ent medication combinations such that 44.44% were on a 

combination of dementia and antipsychotic medication for 

at least some time during the studied period. Often different 

medications from the same class were used at different 

points in the patient’s treatment. With only a few exceptions, 

dementia symptoms were treated with acetylcholinesterase 

inhibitors and memantine, whereas hallucinations were 

treated with atypical neuroleptics.

We used retention rate as compared with the accepted gold 

standard to assess tolerability (Table 2). When comparing 

cognitive agents with rivastigmine, approved by the Food and 

Drug Administration, donepezil was found to be better retained 

and potentially better tolerated (donepezil median retention 

time = 37.5 versus rivastigmine median retention time = 14, 

log rank 6.2, P , 0.02). Neither galantamine nor memantine 

showed statistically significant differences, but the usage of 

galantamine was too small for meaningful comparisons. The 

median retention time of memantine (36.5) compared with 

that of rivastigmine (14) did appear to indicate longer reten-

tion times overall despite the lack of statistical significance 

(log rank 1.5, P , 0.44). None of the psychiatric medications 

demonstrated statistical significance when compared with 

clozapine. The median retention time of quetiapine (46) did 

appear to reflect tolerability at least equal to that of clozapine 

when compared with its median retention time (24).

Several other screenings of the data were performed 

in attempts to define efficacy (Table 3). These included 

Table 1 Patient characteristics

Descriptive  
numbers

gender
 Male 64.91%
Age at diagnosis*
 Mean ± standard deviation 59.14 ± 10.74
 Median with interquartile range 60 (58–67)
Time from diagnosis to onset of medication use (months)*
 Mean ± standard deviation 130.12 ± 84.64
 Median with interquartile range 111 (72–180)
Comorbidities
 Neurologic comorbidities† 12.28%
 Cardiac comorbidities‡ 32.75%
 Metabolic/nutritional comorbidities¥ 7.02%
Diabetes mellitus
 Before Parkinson’s disease 4.68%
 During Parkinson’s disease 2.92%
Prescribed both dementia and antipsychotic agents* 44.44%

Notes: *Patients were labeled as unknown and not included in analysis if exact 
values were not known; †comorbidities included traumatic brain injury, intracranial 
bleed, epidural abscess, stroke/transient ischemic attack, mental retardation, 
hydrocephalus/shunting, seizure, syncope, guillain Barre syndrome; ‡coronary artery 
disease, hypertension, atrial fibrillation, myocardial infarction, valve abnormality, 
arrhythmia, open heart surgery, ischemic cardiac myopathy; ¥hyperthyroidism, 
hypothyroidism, hyponatremia, B12 deficiency.
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patient/caregiver and physician perceived benefit when 

documented. Again, using rivastigmine for cognitive agents 

and clozapine for antipsychotic agents, we compared the vari-

ous drugs with their respective gold standard. Olanzapine was 

the only drug that approached being significantly different 

(Chi-square = 2.99, P , 0.08) from the accepted standard. 

Physician-documented benefit was seen only 43% of the time 

and patient/caregiver benefit was only seen 50% of the time as 

compared with clozapine, with which benefit was seen 84% 

and 95% of the time, respectively. Because of small numbers, 

the olanzapine results are of limited generalizability. The 

other drugs all had documented benefits that were similar in 

percentage to that seen with the standard. Donepezil actually 

had a higher percentage of perceived benefit (64% and 71%) 

as compared with rivastigmine (50% and 65%). Quetiapine 

had a high percentage of perceived documented benefit (75% 

and 78%) which was not nearly as robust as for clozapine 

(84% and 95%). The Kappa coefficient value demonstrated 

that the perceived benefit of all the drugs was strongly agreed 

upon according to the documented responses of both physi-

cian and patient/caregiver, with the exception of galantamine, 

for which the data were insufficient for analysis.

Deaths and side effects were evenly distributed among 

the different medications, with a few exceptions (Figure 1). 

Percentages of total side effects ranged from 41.6% (5/12) 

with olanzapine to 11.4% (13/114) with quetiapine. Death 

rates ranged from 16.7% (2/12) on olanzapine to 30.0% 

(9/30) on clozapine. No agent was associated with a statisti-

cally significant higher percentage of death. Weight change 

was also fairly uniform among the medications, with all 

medications being within a standard deviation of each other 

and with no weight change.

Discussion
Our primary goal was to establish the tolerability of the 

medications typically used for neuropsychiatric problems 

in PD by looking at treatment duration in comparison with 

the accepted gold standard. We defined the gold standard 

as rivastigmine, the drug approved by the Food and 

Drug Administration for PD dementia, and clozapine for 

hallucinations. Both of these agents have previously been 

shown to be superior to placebo in blinded clinical trials.7,9,15 

Documented physician benefit and patient/caregiver benefit 

was further obtained in attempts to demonstrate a perceived 

therapeutic response of the selected agents.

Our retention results show that no agent was retained 

significantly less than its respective standard. Donepezil 

was the only agent that showed statistically significant better 

retention when compared with rivastigmine, suggesting better 

tolerability than the standard. However, it should be noted 

that the rivastigmine group did include patients on both 

the oral and transdermal form of this medication. The oral 

form appeared to exhibit a higher degree of gastrointestinal 

side effects likely leading to a shorter overall duration 

Table 2 Retention analysis

Drug Observations (n) Median ± IQR Chi-squared statistics** P value***

Riv 72 14 (3.875–30) Reference Reference
Don 60 37.5 (5–75.5) 6.2 0.02
gal* 2 25 (13–37) NA NA
Mem 50 36.5 (4.5–63.25) 1.5 0.44
Clo 29 24 (12–77) Reference Reference
Que 109 46 (18–91) 0.8 0.76
Ola 7 5 (3.5–15) 0.9 0.7

Notes: *inadequate numbers for analysis; **log-rank test; ***adjusted P value using Bonferroni method.
Abbreviations: iQR, interquartile range; Riv, rivastigmine; Don, donepezil; gal, galantamine; Mem, memantine; Clo, clozapine; NA, not available; Que, quetiapine; Ola, olanzapine.

Table 3 Proportion of patients with reported benefit

Comparison Physician Evaluation P value Patient Evaluation P value

Proportions Chi-squared statistics Proportion Chi-squared statistics

Don versus Riv 0.64–0.50 1.5 0.22 0.71–0.65 0.11 0.74
gal versus Riv* NA NA NA 0.67–0.65 0 1.00
Mem versus Riv 0.51–0.50 0 1.00 0.54–0.65 0.48 0.49
Ola versus Clo 0.43–0.84 2.99 0.08 0.50–0.95 2.56 0.11
Que versus Clo 0.75–0.84 0.5 0.48 0.78–0.95 1.66 0.20

Note: *No gal numbers recorded.
Abbreviations: Riv, rivastigmine; Don, donepezil; gal, galantamine; Mem, memantine; Clo, clozapine; Que, quetiapine; Ola, olanzapine.
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of therapy. The memantine median was much longer than 

that for rivastigmine as well, but the interquartile range 

shows considerable overlap, resulting in a lack of statistical 

significance. Quetiapine also showed a noticeably larger 

median retention time than clozapine but also was not 

statistically significant. Given the concerns about neutropenia 

and the inconvenience of blood draws for patients, the 

clozapine results were likely skewed as well, given that the 

drug was used sparingly late in the disease course in patients 

who were more severely affected by disease or transiently as 

an emergent medical treatment.

The documented efficacy data from our database demon-

strates that all agents were perceived as at least as effective 

as the standard medication. Olanzapine was the only agent 

that approached statistical significance, favoring inferiority. 

This appears secondary to a high number of side effects, 

many of which were worsening motor symptoms, a find-

ing that is consistent with prior studies.18,19,25,26 Despite not 

reaching statistical significance, donepezil again seemed 

to be slightly better than rivastigmine according to these 

metrics. Quetiapine users also had a large majority (albeit 

less than clozapine) with an apparent efficacious response, 

a finding which is also consistent with prior PD studies and 

would support the aggressive use of this neuroleptic.17 It is 

comforting when looking at the metrics of physician and 

patient/caregiver documented benefit that the Kappa coef-

ficient is close to one, suggesting a high level of correlation 

between the two measures.

One could argue that prolonged median retention times 

reflect not only tolerability but also efficacy, which would 

support the findings regarding our other metrics. We make 

some presumptions with this statement, in particular, that 

ineffective medications would be discontinued by either the 

clinician or the patient prior to these time points. We believe 

that clinical pressure to discontinue ineffective medications 

is supported by many factors: all of these medications are 

expensive and require some type of monitoring; most patients 

do not enjoy taking medication, especially those they deem 

ineffective, because of the burden of pills or patches; and side 

effects, however mild, generate poor compliance. Use of this 

metric for efficacy is far from unprecedented. Retention rate 

has been used successfully in prior neurologic studies as an 

efficacy measure where the untreated condition can lead to 

severe morbidity or mortality.21,27–30

As for secondary outcome measures, all agents had side 

effects that occurred at much lower percentages than the 

percentages of those that achieved benefit. Olanzapine had 

the highest side effect rate. The duration of treatment until the 

occurrence of disabling side effects averaged over two years. 

Death occurred at a consistent rate of about 15%–20% with 

each medication with the exception of clozapine (30%). As 

with our primary outcome measures, there was some concern 

that this was skewed, given that this agent was used as a last 

resort in those who were advanced in their illness and had 

severe neuropsychiatric symptoms. With regards to weight 

change, there did not appear to be a detectable change, either 

0
Riv Don Gal Mem Que Ola Clo
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Figure 1 Percentage of death and side effects.
Abbreviations: Riv, rivastigmine; Don, donepezil; gal, galantamine; Mem, memantine; Clo, clozapine; Que, quetiapine; Ola, olanzapine.
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higher or lower. Mean weight change was within one standard 

deviation of no weight change for every agent.

The conclusion that both atypical neuroleptics and 

acetylcholinesterase inhibitors as a whole are well tolerated 

and efficacious in PD contrasts with studies for other 

neurodegenerative conditions. In Alzheimer’s patients, 

CATIE showed improvement in 26% of patients on quetiapine 

and 32% on olanzapine compared with treatment-limiting 

side effects in 24% of those on olanzapine and 16% of 

those on quetiapine.21 The median time to discontinuation of 

treatment was 22.1 weeks for olanzapine and 9.1 weeks for 

quetiapine.21 This led the authors to conclude that side effects 

negated the benefit from atypical neuroleptics. Instead, in our 

study of PD, we found improvement in 75%–78% of those 

on quetiapine and 43%–50% on olanzapine, with treatment-

limiting side effects at a rate of 11.4% (30% if use at death 

was included) of those on quetiapine and 41.6% (58% if use 

at death was included) on olanzapine. Further evaluation of 

deaths was limited due to the fact that the cause of death 

was frequently unknown. Thus, we could not confirm prior 

associations of quetiapine with increased cardiovascular 

morbidity.22 It should be noted that most of the patients 

who died were advanced in age and that the average time 

of treatment with quetiapine in those on the medication at 

time of death was 43.38 months. Likewise, the majority of 

the deaths that occurred on other medications also occurred 

after an average treatment duration greater than two years as 

well as in those of advanced age. Without a placebo or other 

control group, it is difficult to determine the mortality odds 

from treatment with atypical neuroleptics.

There are several potential concerns with this study. 

Because of the retrospective nature, recall bias could have 

affected the response to medications documented in the chart. 

This was another reason we preferred therapy retention as an 

additional efficacy measure because it reduced the likelihood 

of spuriously reported benefit. Critics could certainly argue 

the merits of retention rate as an efficacy measure but, as 

stated earlier, this has been established in prior studies as a 

successful metric. Our method precluded the ability to assess 

the degree of response as well. There was a definite range 

reported for those who responded slightly to those who 

responded more profoundly. We felt creating a placebo group 

for a potentially more definitive prospective clinical trial 

evaluating degree and proportion of efficacious response was 

not practical or ethical given the degree of impairment seen 

with neuropsychiatric symptoms. Performing objective test-

ing such as the Mini-Mental State Examination or Montreal 

Cognitive Assessment likely has a place in continuing to 

explore the efficacy of these medications, but was outside 

the scope of this study given the lack of relevant data in 

our database. As a final concern, patients were sometimes 

lost to follow-up or had large gaps between the end of the 

observation window and their last visit. This could have had 

an impact on the data we collected. For example, time on 

the medication was measured from initiation until the last 

observation carried forward. Weight was measured from the 

recorded initial weight until that recorded at the last visit.

In summary, we feel that our study demonstrates effectively 

that rivastigmine, donepezil, memantine, quetiapine, and 

clozapine were well tolerated in treating the neuropsychiatric 

symptoms of PD. Our results support using memantine and the 

acetylcholinesterase inhibitors for cognitive deficits and the 

atypical neuroleptics for hallucinations. There is a suggestion 

that the medicines mentioned above were also efficacious, but 

only if one accepts the documented physician and patient/

caregiver responses as appropriate metrics, potentially with 

support from the retention data. Treatment-limiting side 

effects were substantially less than reported efficacy. Death 

rate was fairly uniform across the agents, with the exception 

of clozapine. The overall significance of these deaths is 

difficult to assess, given our elderly patient population and the 

prolonged period for which most were on these medications 

before death. Our results argue that these medications are 

generally well tolerated and a good option for managing 

neuropsychiatric problems. Potentially negative outcomes 

do not appear to offset the perceived clinical benefit from 

treating these debilitating symptoms.
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