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Abstract: The safety, tolerability, and efficacy data for anti-
psychotic drugs used in the acute phase of stroke are limited.
The primary aim of this study was to examine the effectiveness and
safety of typical and atypical antipsychotics on acute ischemic stroke
mortality.

This observational study was conducted in a retrospective cohort
of patients selected from the 2010-2011 National Health
Research Institute database in Taiwan. Patients were tracked for
1 month from the time of their first hospitalization for acute
ischemic stroke. A nested case—control analysis was used to
estimate the odds ratio (OR) of 30-day mortality associated with
antipsychotic drug, adjusted for age, gender, disease severity, and
comorbidities.

The study cohort included 47,225 subjects with ischemic stroke,
including 9445 mortality cases and 37,780 matched controls. After
adjustment for the covariates, antipsychotics users before ischemic
stroke are associated with a 73% decrease in the rate of mortality
(OR 0.27; 95% CI 0.23-0.31). After ischemic stroke, the use of
antipsychotics is associated with 87% decrease in the rate of mortality
(OR 0.13; 95% CI 0.1-0.16). The users of conventional antipsychotics
are associated with a 78% decrease in the rate of mortality (OR 0.22;
95% CI 0.18-0.26). The users of atypical antipsychotics are also
associated with a 86% decrease in the rate of mortality (OR 0.14;
95% CI 0.12—0.17).

We found that 1-month mortality among acute stroke patients
treated with antipsychotics is significantly lower. The benefit on lower
mortality was found not only among ischemic stroke patients who had
received antipsychotics previously but also among patients who start
antipsychotics after their stroke.
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INTRODUCTION

D iagnosis and treatment of acute stroke have advanced
over the past 2 decades, but morbidity and mortality after
stroke are still high. Patients who have had stroke are at
significant risk for medical complications, neurological
damage, and various psychiatric illnesses. Even if not always
life-threatening, these complications can lead to prolonged
hospitalization, delay in rehabilitation, poor functional out-
comes, and increased costs of care.!”> Acute neurological
complications include brain edema, hemorrhagic transform-
ation, recurrent stroke, seizure, and epilepsy.*® Psychiatric
complications include depression, psychosis, confusion, and
delirium.>”® Many reviews have focused on medical compli-
cations and their management.>>* There is a growing body of
evidence to guide the management of the neurological com-
plications'* but not the management of the psychiatric com-
plications.

The incidence of delirium in the acute phase of stroke
varies from 13% to 48%, depending on the study population and
delirium definition.””'? Given the longer hospitalization period
and poorer prognosis, adequate treatment is important.>’ Seda-
tive and antipsychotic drugs are frequently used for treatment of
delirium in acutely ill patients, although the evidence base for
use of these medications to treat delirium is weak.'>™'¢ The
treatment recommendations for delirium after stroke are usually
similar to those for delirium in patients with other diseases,
because there have been no studies of delirium specifically in
patients with acute stroke.*

Traditionally, haloperidol, a conventional antipsychotic,
has been considered the treatment of choice.'? Because it may
cause adverse extrapyramidal symptoms, haloperidol may be
replaced by atypical antipsychotics such as risperidone, olan-
zapine, or quetiapine, which are as effective as haloperidol in
controlling delirium.'*'~'® The safety, tolerability, and effi-
cacy data for antipsychotic drugs used in the acute phase of
stroke are limited. The primary aim of this study was to examine
the effectiveness and effect of conventional and atypical anti-
psychotics on acute ischemic stroke mortality.

METHODS

Data Source

In 1995, Taiwan implemented a National Health Insu-
rance (NHI) program that requires mandatory enrollment in
the government-run, universal, single-payer insurance system
and provides comprehensive benefits coverage. Currently,
up to 99% of the 23 million residents of Taiwan receive
medical care through the NHI program. Over 97% of the
hospitals and clinics in Taiwan are contracted to provide
health care services,'® which are reimbursed by the NHI
Bureau, and all data related to these services are collected
and input into the National Health Research Institute
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Database (NHIRD) by the National Health Research
Institutes to provide a comprehensive record of medical care.
The data consist of ambulatory care records, inpatient care
records, and the registration files of the insured. The dataset
includes all claims data from Taiwan’s NHI program, which
was implemented to pay for health care of all Taiwanese
citizens.

This study was initiated after approval by the Institutional
Review Board of the Buddhist Dalin Tzu Chi General Hospital,
Chiayi, Taiwan. Since all identifying personal information was
stripped from the secondary files before analysis, the review
board waived the requirement for written informed consent
from the patients involved.

Study Design

The source population consisted of all patients with
ischemic stroke between 2010 and 2011 (Figure 1). Inpatients
>18 years of age diagnosed with stroke between 2010 and
2011 and with a discharge diagnosis identified by Interna-
tional Classification of Disease, 9th Revision, Clinical Modi-
fication (ICD-9-CM) codes 433-437 were recruited for the
study. All patients with ischemic stroke in this cohort were
followed from cohort entry until event (mortality) or censored
developed. In view of the time-varying nature of antipsychotic
drugs, a nested case—control analysis within the cohort was
performed.

Cases and Controls

Patients with ischemic stroke who died within 30 days after
stroke were defined as cases. For each case, 4 controls who did
not die within 30 days after stroke matched on the case’s age
(£3 years), gender, and stroke date (£3 days) were randomly
selected.

Patient with new ischemic
stroke 2010/1/1~2011/12/31
(n=162337)

Excluded:
age <18 years
(n=324)

v

Inception patient with ischemic
stroke potentially eligible for
study inclusion

(n=162013)

Patients with new ischemic stroke died within 30 days
(n =9445)

Controls matched on age, sex, stroke date by risk set
sampling (n = 37780)

FIGURE 1. Flowchart of cohort formation.
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Exposure to Antipsychotics

All prescriptions of antipsychotics, conventional, atypical,
or combined use, were identified 30-day before and after the
index date. Patients were grouped into the following cohorts on
the basis of exposure to antipsychotic medications. The anti-
psychotics used in this study included typical antipsychotics:
chlorpromazine, thioridazine, levomepromazine, loxapine,
perphenazine, trifluoperazine, haloperidol, fluphenazine, droper-
idol, zuclopenthixol, and prochlorperazine; and atypical antipsy-
chotics: amisulpride, aripiprazole, clozapine, olanzapine,
paliperidone, quetiapine, risperidone, sulpiride, ziprasidone,
and zotepine. Patients who took typical antipsychotic were
designated conventional antipsychotic users. Patients who took
atypical antipsychotics were designated atypical antipsychotic
users. Patients who took conventional and atypical antipsychotics
were designated combined users; the remaining patients were
designated antipsychotics nonusers. Within each antipsychotics
group, subjects were further divided into 3 smaller groups based
on total amount of pills use (ie, low, medium, and high dose).

Comorbidities and Related Variables

We assessed patients’ comorbidities, including history of
hypertension, diabetes, hyperlipidemia, atrial fibrillation,
coronary artery disease, depression, dementia, schizophrenia,
bipolar disorder, and post-stroke complications including pneu-
monia, urinary tract infection, deep vein thrombosis, acute
coronary syndrome, upper gastrointestinal bleeding, seizure,
and delirium. Because the NHIRD lacks information on the

TABLE 1. Characteristics of Mortality Cases and Their
Matched Controls Selected From a Cohort of Patients With
Ischemic Stroke

Controls Cases
n=37,780 n=9445
Age (mean £ SD) 76+ 11 77+£12
Gender
Female (%) 14,792 (39.2) 3698 (39.2)
Male (%) 22,988 (60.8) 5747 (60.8)
Admitted to ICU
Yes (%) 12,762 (33.8) 7066 (74.8)
No (%) 25,018 (66.2) 2379 (25.2)
Length of stay, d
<5 (%) 15,143 (40.1) 2834 (30.0)
6—11 (%) 12,697 (33.6) 2631 (27.9)
>12 (%) 9940 (26.3) 3980 (42.1)
Comorbidity
Hypertension (%) 32,692 (86.5) 7399 (78.3)
Diabetes (%) 16,708 (44.2) 4352 (46.1)
Hyperlipidemia (%) 12,838 (34.0) 1760 (18.6)
Atrial fibrillation (%) 5094 (13.5) 1553 (16.4)
Coronary heart disease (%) 13,064 (34.6) 3014 (31.9)
Depression (%) 3478 (9.2) 533 (5.6)
Dementia (%) 8557 (22.6) 2086 (22.1)
Schizophrenia (%) 305 (0.8) 91 (1.0)
Bipolar affective disorder (%) 602 (1.6) 91 (1.0)
Complications™ (%) 32,227 (85.3) 8575 (90.8)

I*CU = intensive care unit, SD = standard deviation.
Complications included pneumonia, urinary tract infection, deep
vein thrombosis, acute coronary syndrome, upper gastrointestinal bleed-
ing, seizure, and delirium.
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TABLE 2. Characteristics of Mortality Cases Selected From Cohort of Patients With Ischemic Stroke, According to Current Use of

Antipsychotic Medications After Stroke (n=9445)

Nonuse Conventional Antipsychotics Atypical Antipsychotics
n=9170 n=144 n=131
Age (mean + SD) 77+12 72+ 14 78+ 13
Gender
Female (%) 3588 (39.1) 59 (41.0) 51 (38.9)
Male (%) 5582 (60.9) 85 (59.0) 80 (61.1)
Admitted to ICU
Yes (%) 6886 (75.1) 99 (68.8) 81 (61.8)
No (%) 2284 (24.9) 45 (31.3) 50 (38.2)
Length of stay, d
<5 (%) 2694 (29.4) 61 (42.4) 79 (60.3)
6—11 (%) 2565 (28.0) 38 (26.4) 28 (21.4)
>12 (%) 3911 (42.6) 45 (31.3) 24 (18.3)
Comorbidity
Hypertension (%) 7203 (78.5) 96 (66.7) 100 (76.3)
Diabetes (%) 4249 (46.3) 53 (36.8) 50 (38.2)
Hyperlipidemia (%) 1705 (18.6) 37 (25.7) 18 (13.7)
Atrial fibrillation (%) 1507 (16.4) 20 (13.9) 26 (19.8)
Coronary heart disease (%) 2930 (32.0) 43 (29.9) 41 (31.3)
Depression (%) 502 (5.5) 7 (4.9) 24 (18.3)
Dementia (%) 1998 (21.8) 20 (13.9) 68 (51.9)
Schizophrenia (%) 78 (0.9) 6 (4.2) 7 (5.3)
Bipolar affective disorder (%) 83 (0.9) 3(2.1) 5(3.8)
Complications™ (%) 8329 (90.8) 129 (89.6) 117 (89.3)
Previous medication of antipsychotics
Yes (%) 187 (2.0) 7 (11.5) 2(7.4)
Conventional antipsychotics (%) 86 (0.9) 4 (6.6) 0 (0.0)
Atypical antipsychotics (%) 101 (1.1) 3 (4.9) 2 (7.4)
No (%) 9170 (98.0) 54 (88.5) 25 (92.6)

ICU = intensive care unit, SD = standard deviation.

* Complications included pneumonia, urinary tract infection, deep vein thrombosis, acute coronary syndrome, upper gastrointestinal bleeding,

seizure, and delirium.

severity of stroke, we used intensive care unit (ICU) admission
as a proxy for severity.

Statistical Analysis

SPSS (version 15, SPSS Inc, Chicago, IL) was used for
data analysis. Crude and adjusted odds ratios (ORs) of mortality
cases associated with antipsychotics use with 95% confidence
intervals (CIs) were estimated by multivariate logistic
regression to account for the matching of cases and controls.
The ORs were adjusted for patients’ characteristics (age, gen-
der, and comorbidities), admission to an ICU, length of stay and
current use, dose, and past use of antipsychotics. Comorbidities
included hypertension, diabetes, hyperlipidemia, atrial fibrilla-
tion, coronary artery disease, depression, dementia, schizo-
phrenia, bipolar disorder, and post-stroke complications
including pneumonia, urinary tract infection, deep vein throm-
bosis, acute coronary syndrome, upper gastrointestinal bleed-
ing, seizure, and delirium. A 2-sided P value (P <0.05) was
used to determine statistical significance.

RESULTS
The study cohort included 47,225 subjects with ischemic
stroke. Table 1 summarizes the characteristics of 9445 cases of
mortality and 37,780 matched controls. The mortality cases and
their matched controls were around 77 years of age and 60.8%

© 2014 Lippincott Williams & Wilkins

were men. The mortality cases had more admitted to ICU and
longer length of stay. The mortality cases had higher incidence
of complications. Table 2 compares these characteristics among
the mortality cases according to the use of antipsychotics,
showing that antipsychotics users were more likely to have
dementia and depression, but similar with respect to other
comorbidities. Table 3 compares these characteristics among
the matched controls according to the use of antipsychotics.

Table 4 shows that, after adjustment for differences in the
covariates, antipsychotics users before ischemic stroke are
associated with a 73% decrease in the rate of mortality (OR
0.27; 95% CI 0.23-0.31). After ischemic stroke, the use of
antipsychotics is associated with 87% decrease in the rate of
mortality (OR 0.13; 95% CI10.1-0.16). The cumulative dose did
not affect the benefit of antipsychotics use on ischemic stroke.
The risk for mortality among users of conventional and atypical
antipsychotics is shown in Table 5. The users of conventional
antipsychotics are associated with a 78% decrease in the rate of
mortality (OR 0.22; 95% CI 0.18-0.26). The users of atypical
antipsychotics are also associated with a 86% decrease in the
rate of mortality (OR 0.14; 95% CI 0.12-0.17).

DISCUSSION

Using a large population-based cohort of 47,225 subjects
with ischemic stroke, we found that both conventional and
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TABLE 3. Characteristics of Matched Controls Selected From Cohort of Patients With Ischemic Stroke, According to Current Use

of Antipsychotic Medications After Stroke (n=37,780)

Nonuse Conventional Antipsychotics Atypical Antipsychotics
n=32,134 n=2788 n=2858
Age (mean + SD) 7611 75+11 8049
Gender
Female (%) 12,374 (38.5) 1228 (44.0) 1190 (41.6)
Male (%) 19,760 (61.5) 1560 (56.0) 1668 (58.4)
Admitted to ICU
Yes (%) 10,829 (33.7) 820 (29.4) 1113 (38.9)
No (%) 21,305 (66.3) 1968 (70.6) 1745 (61.1)
Length of stay, d
<5 (%) 12,888 (40.1) 1309 (47.0) 946 (33.1)
6—11 (%) 10,710 (33.3) 888 (31.9) 1099 (38.5)
>12 (%) 8536 (26.6) 591 (21.2) 813 (28.4)
Comorbidity
Hypertension (%) 27,840 (86.6) 2433 (87.3) 2419 (84.6)
Diabetes (%) 14,139 (44.2) 1259 (45.2) 1256 (43.9)
Hyperlipidemia (%) 11,063 (34.4) 1077 (38.6) 698 (24.4)
Atrial fibrillation (%) 4354 (13.5) 359 (12.9) 381 (13.3)
Coronary heart disease (%) 10,945 (34.1) 1129 (40.5) 990 (34.6)
Depression (%) 2553 (7.9) 330 (11.8) 595 (20.8)
Dementia (%) 6153 (19.1) 568 (20.4) 1836 (64.2)
Schizophrenia (%) 138 (0.4) 28 (1.0) 139 (4.9)
Bipolar affective disorder (%) 348 (1.1) 66 (2.4) 188 (6.6)
Complications™ (%) 27,471 (85.5) 2359 (84.6) 2397 (83.9)
Previous medication of antipsychotics
Yes (%) 2317 (6.7) 303 (21.4) 888 (46.5)
Conventional antipsychotics (%) 1309 (3.8) 265 (18.7) 87 (4.6)
Atypical antipsychotics (%) 1008 (2.9) 38 (2.7) 801 (41.9)
No (%) 32,134 (93.3) 1116 (78.6) 1022 (53.5)

ICU = intensive care unit, SD = standard deviation.

* Complications included pneumonia, urinary tract infection, deep vein thrombosis, acute coronary syndrome, upper gastrointestinal bleeding,

seizure, and delirium.

TABLE 4. Crude and Adjusted Rate Ratios of Mortality Associated With Current Use, Dose, and Past Use of Antipsychotics

Mortality Cases Matched Controls

Crude ORs 95% CI

Adjusted ORs” 95% CI

Numbers of subjects 9445 37.780
Before ischemic stroke
Nonuse (%) 9249 (97.9) 34.272 (90.7)
Total subjects (%) 196 (2.1) 3508 (9.3)
Low dose (%) 67 (0.7) 1144 (3.3)
Medium dose (%) 83 (0.8) 1550 (3.8)
High dose (%) 46 (0.5) 814 (2.2)
After ischemic stroke
Nonuse (%) 9357 (99.1) 34,451 (91.2)
Total subjects (%) 88 (0.9) 3329 (8.8)
Low dose (%) 59 (0.6) 1006 (2.9)
Medium dose (%) 24 (0.3) 1604 (4.1)
High dose (%) 5(0.1) 719 (1.9)

1

0.21
0.21
0.21
0.21

1

0.10
0.20
0.06
0.03

Reference
(0.18-0.24)
(0.16—0.27)
(0.16—0.26)
(0.16-0.28)

Reference
(0.08-0.12)
(0.16—0.26)
(0.04-0.09)
(0.01-0.06)

0.27
0.27
0.27
0.30

1

0.13
0.25
0.08
0.02

Reference
(0.23-0.31)
(0.21-0.34)
(0.21-0.34)
(0.22-0.41)

Reference
(0.10-0.16)
(0.19-0.32)
(0.05-0.11)
(0.02-0.10)

CI = confidence interval, ICU = intensive care unit, ORs = odds ratios.

* Adjusted for the patient gender, age, hypertension, diabetes, hyperlipidemia, atrial fibrillation, coronary heart disease, pneumonia, urinary tract
infection, deep vein thrombosis, acute coronary syndrome, upper gastrointestinal bleeding, seizure, delirium, depression, dementia, schizophrenia,
bipolar affective disorder, length of stay and admitted to ICU, current use, dose, and past use of antipsychotics.-+Before stroke: in pills/d; high: 29 or
more; moderate: 8—28; low: <7.4After stroke: in pills/d; high: 29 or more; moderate: 7—28; low: <6.
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TABLE 5. Crude and Adjusted Rate Ratios of Mortality Associated With Conventional Antipsychotics and Atypical Antipsychotics

Cases Controls Crude ORs 95% CI  Adjusted ORs*  95% CI
Numbers of subjects 9445 37,780
Conventional antipsychotics™
No use of conventional antipsychotics (%) 9304 (98.5) 35,134 (93.0) 1 Reference 1 Reference
Total subjects (%) 141 (1.5) 2646 (7.0) 0.20 (0.17-0.24) 0.22 (0.18-0.26)
Low dose (%) 90 (1.0) 1350 (3.6) 0.25 (0.20-0.31) 0.27 (0.22-0.34)
Medium dose (%) 11 (0.1) 402 (1.1) 0.10 (0.06-0.19) 0.14 (0.07-0.25)
High dose (%) 40 (0.4) 894 (2.3) 0.17 (0.12-0.23) 0.17 (0.13-0.24)
Atypical antipsychotics™
No use of atypical antipsychotics (%) 9318 (98.7) 35,013 (92.7) 1 Reference 1 Reference
Total subjects (%) 127 (1.3) 2767 (7.3) 0.17 (0.14-0.21) 0.14 (0.12-0.17)
Low dose (%) 53 (0.6) 904 (2.4) 0.22 (0.17-0.29) 0.17 (0.13-0.23)
Medium dose (%) 39 (0.4) 989 (2.6) 0.15 (0.11-0.20) 0.12 (0.08-0.16)
High dose (%) 35(0.3) 874 (2.3) 0.15 (0.11-0.21) 0.14 (0.10-0.20)

9 = confidence interval, ICU = intensive care unit, ORs = odds ratios.
Adjusted for the patient gender, age, hypertension, diabetes, hyperlipidemia, atrial fibrillation, coronary heart disease, pneumonia, urinary tract
infection, deep vein thrombosis, acute coronary syndrome, upper gastrointestinal bleeding, seizure, delirium, depression, dementia, schizophrenia,
bipolar affective disorder, length of stay and admitted to ICU, dose, and past use of antipsychotics.-+Conventional antipsychotics: in pills/d; high: 9 or

more; moderate: 2—8; low: <1.+Atypical antipsychotics: in pills/d; high: 43 or more; moderate: 21-42; low: <20.

atypical antipsychotic drug users had lower 1-month mortality.
The benefit on lower mortality was found not only among ische-
mic stroke patients who had received antipsychotics previously
but also among patients who start antipsychotics after their stroke.

Atypical antipsychotics are used in the United States for
the treatment of schizophrenia.?*' Because of their superior
efficacy, safety, and tolerability relative to conventional agents,
atypical antipsychotics have become the mainstay of treatment
in various neurological and psychiatric disorders.>> However,
concerns have been raised that atypical antipsychotics may
increase the risk of adverse events, including death and
stroke.>>~2® In contrast with these reports, studies from large
observational administrative database studies suggest that aty-
pical antipsychotics compared with conventional antipsychotics
do not increase the risk of stroke.?’ % To date, the association
between the use of atypical antipsychotics and the risk of stroke
remains controversial. A recent investigation of the 90-day
mortality rate after recent stroke among schizophrenia patients
by Kang et al*® found lower mortality among patients who
received antipsychotic medication before the stroke. Another
study by Prior et al®*' found that preadmission use of antipsy-
chotics was associated with a higher risk of severe stroke, a
longer duration of hospital stay, and a higher post-stroke
mortality. The findings of this study suggest that, among past
antipsychotics users, antipsychotics do not increase the risk of
mortality for ischemic stroke. Racial and ethnic disparities in
response to antipsychotics should be taken into consideration.

Many deleterious mechanisms of ischemic stroke have
been proposed. In the ischemic brain, massive release of
dopamine can amplify the neuronal damage caused by excito-
toxicity and energy deprivation.**>* Serotonin is also shown to
modulate the postsynaptic effects of glutamate and lead to
reduction of blood flow during cerebral ischemia.*® Atypical
antipsychotics have been shown to have neuroprotective Jprop-
erties against cerebral ischemia in animal studies.®>® The
antidopaminergic and antiserotonergic effects of atypical anti-
psychotics could theoretically be beneficial by augmenting
blood flow during ischemic stroke.>* Our study found that
patients with acute ischemic stroke who received atypical
antipsychotics had lower mortality, consistent with findings

© 2014 Lippincott Williams & Wilkins

in animal models. Therefore, we propose that the observed
lower mortality may be due to the neuroprotective effect of
atypical antipsychotics.

In this study, we also showed that it is safe to treat patients
in the acute phase after ischemic stroke with conventional
antipsychotics, such as haloperidol. Haloperidol may interfere
with recovery after stroke and therefore should be avoided if
possible.®” In the practice guideline by the American Psychia-
tric Association for the treatment of delirium, haloperidol is the
first choice,*® despite its anticholinergic side effects, a risk
factor for delirium.>

Our study had several NHIRD database-related limita-
tions. First, the diagnoses of stroke and any other comorbid
conditions were dependent on ICD codes from the NHIRD
database. The NHI Bureau of Taiwan, however, has made every
effort to verify the accuracy of diagnosis by conducting random
chart reviews and patient interviews. The accuracy of the
NHIRD in recording ischemic stroke diagnoses is up to
95%.%% Second, an additional limitation of the NHIRD database
was its lack of information on stroke severity. We used ICU
admission and length of stay as proxies for severity. Third, the
limitations of this study are those of observational studies, with
the potential for uncontrolled confounding by prescription
indication being the most troublesome. It is not possible to
completely exclude prescription indication bias. Among both
cases and controls, antipsychotics users were more likely to
have dementia and depression. Nonetheless, given the magni-
tude and statistical significance of the observed effects in this
study, these limitations were unlikely to have affected our
results. In fact, the strengths of our study are that it was a
nationwide population-based study, with near complete follow-
up information on the whole study population (99%), and that
the dataset was routinely monitored for diagnostic accuracy by
the NHI Bureau of Taiwan.

CONCLUSION

We found that 1-month mortality among acute stroke
patients treated with antipsychotics is significantly lower.
The benefit on lower mortality was found not only among
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ischemic stroke patients who had received antipsychotics pre-
viously but also among patients who start antipsychotics after
their stroke. Well-designed studies focusing on antipsychotics
use in acute stroke patients are needed to define optimal care.
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