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Abstract
Purpose Delirium is reported in over 50% of critically ill ICU patients, and is associated with increased mortality and long-term
cognitive consequences. Prevention and early management of delirium are essential components of ICU care. However, pharmacological interventions have not been effective in delirium prevention. This study investigated the effect of aripiprazole in the
prevention of delirium in a neurosurgical intensive care unit.
Methods In this prospective, randomized placebo-controlled small clinical trial, 53 patients, 18 to 80 years old, were randomized
to receive enteric aripiprazole (15 mg) or placebo for up to 7 days. Delirium, detected by the Confusion Assessment Method-ICU,
ICU events, laboratory studies, aripiprazole safety, time to delirium onset, delirium-free days, delirium prevalence during followup and ICU length of stay were recorded.
Results Forty patients with similar baseline characteristics, including age, sex, neurosurgery types and APACHE II scores,
completed the study. Delirium incidence and the mean days to its onset were 20% vs. 55% (p = 0.022) and 2.17 ± 0.41 vs.
2.09 ± 0.30 (p = 0.076) in the aripiprazole and placebo groups, respectively. The mean number of delirium-free days were:
5.6 (95%CI, 4.6-6.5) and 4.3 (95%CI, 3.2-5.4), in aripiprazole and placebo groups, respectively (p = 0.111). The prevalence
of delirium during the follow-up was significantly lower in the aripiprazole group (p = 0.018). Serious aripiprazole adverse
reactions were not observed.
Conclusions Aripiprazole can reduce the incidence of delirium in the neurosurgical ICU. Studies with larger sample size in
diverse ICU settings and longer follow-up are needed to confirm our findings.
Keywords Aripiprazole . Delirium . ICU . Delirium prevention
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Abbreviations
ICU
Intensive care unit
CAM-ICU
Confusion Assessment
Method for the ICU
EPS
Extrapyramidal syndrome
TBI
Traumatic brain injury
SAH
Subarachnoid hemorrhage
IQCODE
Informant Questionnaire on
Cognitive Decline in the Elderly
RASS
Richmond Agitation–Sedation Scale
APACHE-II Acute Physiology and Chronic
Health Evaluation II

Medicine Agency (EMA) and US Food and Drug
Administration (FDA) categorize aripiprazole as an agent with
no risk for induction of cardiac arrhythmia [25]. Other studies
have indicated aripiprazole to be effective in delirium management, with the same efficacy and no clinically significant
adverse effects in comparison with haloperidol [26].
We conducted this small clinical study to examine the effect of aripiprazole for delirium prophylaxis in neurosurgical
ICU patients. As a validated tool for the evaluation of delirium, we chose the CAM-ICU. Because this tool requires patient cooperation in order to evaluate delirium, and considering our hospital setup, we conducted this study in the neurosurgical ICU.

Introduction
Delirium is an acute change or fluctuation in mental status
manifesting with inattention, disorganized thinking, and an
altered level of consciousness, with or without agitation.
The DSM-V (Diagnostic and Statistical Manual of Mental
Disorders, fifth edition) lists the following criteria for diagnosis of delirium: disturbance of consciousness in a short
period (usually hours to days); change in cognition; a direct
physiologic consequence of a general medical condition, an
intoxicating substance, medication use, or more than one
cause induce disturbance of consciousness [1]. By the application of the Confusion Assessment Method for the ICU
(CAM-ICU) tool for delirium detection, delirium has been
reported to occur in greater than 50% (22–87%) of patients
admitted to the ICU, although it remains a poorly recognized ICU complication [2–5].
Delirium is now considered one of the most important
complications in critically ill ICU patients, due to a better
understanding of its etiologies, predisposing factors, incidence, and devastating adverse effects on short- and longterm patient outcomes. Also, delirium results in prolonged
hospitalization, increased morbidity and mortality, significant
family and caregiver burden, and higher health care expenditures [6–8]. Therefore, early detection, prevention, and management of delirium are essential components in the delivery
of care to ICU patients.
Typical and atypical antipsychotics, including haloperidol,
olanzapine, ziprasidone, risperidone, aripiprazole, and
quetiapine, are used at different rates worldwide for delirium
treatment [9–17]. However, investigations exploring the role
of these agents in delirium prophylaxis are scarce [18–20].
Additional data are required for proposing the routine use of
the above agents in preventing delirium in ICU patients [21].
Aripiprazole, a partial agonist at the dopamine (D2) receptor, is classified as a third-generation atypical antipsychotic
agent [22]. The incidence of extrapyramidal syndrome (EPS)
and QTc prolongation are less frequent for aripiprazole than
for other antipsychotic agents [23, 24]. The European

Materials and method
Patients and setting
This prospective, randomized, double-blind, placebocontrolled study was conducted from January 2017 to
August 2017 in a neurosurgical ICU of a 450-bed university hospital, affiliated to Iran University of Medical
Sciences, Tehran, Iran. The study protocol was approved
by the appropriate ethics committees and written informed
consent was obtained from each patient or the patient’s
legal guardian (IRCTID: IRCT2017011810178N12). All
patients ≥18 years old with stable hemodynamics and
breathing spontaneously without mechanical ventilatory
support, who were admitted to the ICU postneurosurgical intervention and without delirium based on
the CAM-ICU tool, were consecutively screened for enrollment in the study. The neurosurgical interventions
were for the management of traumatic brain injury
(TBI), subarachnoid hemorrhage (SAH), brain tumors,
hydrocephalus and pituitary adenomas.
Patients with the following conditions were excluded
from the study: pregnancy, breastfeeding, preexisting active
delirium, current drug overdose or suicide attempt, severe
liver failure based on Child-Pugh scores, renal failure (GFR
< 15 mL/min), history of prior anti-psychotic use, allergy to
aripiprazole, history of neuroleptic malignant syndrome,
history of severe dementia (documented history and/or the
Informant Questionnaire on Cognitive Decline in the
Elderly [IQCODE] score ≥ 4) [27], history of high risk for
ventricular dysrhythmia or its presence, patients on drugs
known to prolong the QTc interval, baseline QTc ≥ 500 ms
in the absence of a bundle branch block, history of torsade
de pointes, myocardial infarction in the past 2 weeks, uncompensated stage IV heart failure, refractory electrolyte
abnormalities (hypokalemia <3.0 mEq/dL or hypomagnesemia <1.8 mg/dL), and ICU stay of less than 3 days.
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Study protocol and assessments
Patients were recruited based on defined inclusion and exclusion criteria and were assigned to the intervention and control
groups by a simple randomization method using computergenerated numbers. Usual medical management continued
unchanged in all patients at the discretion of the ICU managing teams, who were blinded to the study groups.
The treatment and control groups received 15 mg enteric
aripiprazole and placebo daily (Sobhan Pharmaceutical
Company), respectively. Placebo tablets were made in an
identical fashion to the aripiprazole tablets by the same vendor. Aripiprazole or placebo was continued for up to 7 days,
according to the duration of the ICU stay. The nonpharmacological approaches to delirium prevention were
employed equally for all patients based on the ICU practice
routines.
The Richmond Agitation–Sedation Scale (RASS) was
used to evaluate the level of sedation and agitation in our
patients [28]. The presence of delirium was determined by a
trained investigator, using the CAM-ICU tool, in patients
with RASS values of at least −3 at enrollment and during the
study period (twice every day) [2, 3, 27, 29]. Patients were
followed for 7 days or until discharge or transfer from the
ICU or death. The CAM-ICU is a valid and reliable delirium
assessment tool suggested by the Society of Critical Care
Medicine (SCCM) in its 2013 Pain, Agitation, and Delirium
(PAD) guidelines [30].
The following baseline demographics were recorded at the
time of enrollment: age, gender, the reason for ICU admission,
the severity of illness based on the Acute Physiology and
Chronic Health Evaluation II score (APACHE-II) [31], history
of drug abuse, and baseline RASS and CAM-ICU scores.
During the study period, QTc intervals in all patients were
monitored daily on electrocardiograms. In patients belonging
to any group with an episode of QTc-interval prolongation
(i.e., ≥ 500 ms or ≥ 60 ms over the baseline value), the study
intervention was paused until resolution of the QTc abnormalities. We discontinued the study intervention in the event of
concomitant administration of any agent known to cause QTc
interval prolongation, such as class Ia or Ic and III antiarrhythmics, cotrimoxazole or azole antifungals.
We monitored for the occurrence of any clinical evidence
of EPS. Patients were excluded and a neurological consult was
obtained if EPS was detected at any time during the study
period.
Patients who were deeply sedated after administration of
the study drug, in the absence of other sedative drug use,
were excluded.
Other adverse effects of aripiprazole were assessed using
laboratory data, such as daily blood sugar, triglyceride, total
cholesterol, HDL, and LDL levels at the baseline and the
end of the study.

The primary end point was determination of the incidence
of delirium during the study period. The secondary end points
included safety and tolerability of aripiprazole, time to the
onset of delirium, number of delirium-free days, the prevalence of delirium during the study follow-up periods, and the
length of stay in the ICU. We also evaluated the effects of
dexamethasone and oxazepam doses (for night sedation) during the follow-up between the two groups. The outcome assessments were made by physicians who were blinded to the
study interventions.

Sample size
The sample size of the study was calculated with Minitab
software using the “test for two proportions” (Fisher exact
test) function, considering a type I error of 0.05, power of
0.8, proportion of delirium in the ICU of 70%, and expected
relative treatment effect of 50%. The number of participants
calculated in each group was 25.

Statistical analysis
Continuous variables were checked for normality, and as they
were normal, they were compared by application of the
Student t test. The chi-square test or Fisher exact test was used
for the categorical variables as appropriate. We employed generalized estimating equation (GEE) models [32, 33] to compare the two groups regarding the status of CAM-ICU during
the follow-up periods, using the interaction analysis of time
and group. We also used this model to adjust the effect of
confounding variables such as medication use on delirium
occurrence. A p value of less than 0.05 was considered statistically significant in all cases.

Results
Patient population
This study was carried out between April 2017 to May 2018.
Sixty-five consecutive patients who were admitted to the
neurosurgical ICU were evaluated for eligibility, and 53
patients met the study entry criteria. Patients were randomized to the treatment and placebo groups. A total of 13 patients were excluded, as follows: ICU stay less than 3 days
in four patients, medication administration errors in eight
patients, and suspected drug hypersensitivity reaction in
one patient (Fig. 1).
The baseline characteristics, including patient demographics, baseline RASS, history of illicit drug dependence,
underlying diseases, types of surgeries, and administration of
drugs such as benzodiazepines or systemic steroids, were not
statistically different between the two study groups (Table 1).
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Fig. 1 Flow chart of the study

Effects of aripiprazole on delirium prevention
The CAM-ICU values were measured during the 7 days of
the study, and were positive for the presence of delirium in
four (20%) and 11 (55%) of the patients in the treatment and
placebo groups, respectively [χ2 (1, n = 40) = 5.227, p =
0.022] (Table 2).
The difference in the mean number of days to the onset of
delirium was not statistically significant between the two
groups (2.17 ± 0.41 days vs. 2.09 ± 0.30 days in the
aripiprazole and placebo groups, respectively, t(17) =
0.438, p = 0.076 (Fig. 2). The mean number of deliriumfree days in the aripiprazole and the placebo groups were
5.6 (95% CI, 4.6–6.5) and 4.3 (95% CI, 3.2–5.4), respectively [χ 2 (1, n = 206) = 2.546, p = 0.111] (Table 2 and
Fig. 2). Based on the GEE model, the prevalence of delirium
during the study follow-up period was significantly lower in
the aripiprazole group than in the placebo group (B = 0.263,
p = 0.018) (Fig. 2).

Effects of systemic steroids and benzodiazepines
on the occurrence of delirium
The mean doses of dexamethasone were 7.27 ± 7.79 mg (0–
24 mg) and 15.3 ± 10.57 mg (0–32 mg) in the aripiprazole and
the placebo groups, respectively, [t(204) = −6.188, p < 0.001].
The mean doses of oxazepam were 0.9 ± 2.9 mg (0–10) and

3.79 ± 4.8 mg (0–10 mg) in the aripiprazole and placebo
groups, respectively [t(204) = −5.082, p < 0.001]. After the
adjustments for the effects of these agents, the incidence of
delirium remained significantly lower in the treatment group
compared with the placebo group (B = 0.359, p = 0.034).

Effects of aripiprazole on ICU stay
The mean ICU stay was not significantly different when comparing the study groups, 11.55 ± 12.10 days and 13.80 ±
11.91 days in the intervention and placebo groups, respectively [t(38) = −0.593, p = 0.557].

Aripiprazole adverse effects
We did not observe any serious adverse reactions related to
aripiprazole, such as the signs or symptoms of neuroleptic
malignant syndrome, ventricular arrhythmias or extrapyramidal symptoms. Three patients had prolongation of the QTc
interval more than 500 ms, without any ventricular arrhythmias, one in the aripiprazole and two in the in the control
group, χ2 (1, n = 40) = 0.360, p = 0.548].
Only one suspected drug-induced skin rash was encountered in the aripiprazole group, which resolved after its discontinuation. After excluding the patient from the study, we
evaluated the case using causality assessment methods. We
used the Naranjo scale and concluded that the
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Table 1 Demographic data for
patients in the intervention and
placebo groups

Aripiprazole
(n = 20)

Placebo
(n = 20)

p
value

Age in years (mean ±SD)
APACHE-II score (mean ±SD)
Sex
Male
Female
Baseline RASS
−2
−1
0
1
Drug abuse
No
Yes

44.45 ± 16.52
8.85 ± 2.25
17 (85%)
3 (15%)
1 (5%)
9 (45%)
6 (30%)
4 (20%)
17 (85%)
3 (15%)

49.25 ± 14.51
8.15 ± 2.70
12 (60%)
8 (40%)
1 (5%)
10 (50%)
6 (30%)
3 (15%)
18 (90%)
2 (10%)

0.335
0.379
0.155*
0.978
0.633*
0.212*
0.490
0.337
0.151*
0.127

Diabetes mellitus

18 (90%)
2 (10%)
13 (65%)
7 (35%)
13 (65%)
7 (35%)
19 (95%)
1 (5%)
18 (90%)
2 (10.5%)
1 ± 3.08
(0 to 10)
10 (50%)
10 (50%)
13.1 ± 5.7

15 (75%)
5 (25%)
15 (75%)
5 (25%)
10 (50%)
10 (50%)
16 (80%)
4 (20%)
13 (65%)
7 (35%)
3.50 ± 4.90
(0 to 10)
4 (20%)
16 (80%)
18.2 ± 9.2

0.061
0.047
0.089
0.321*
0.335
0.379
0.155*
0.978
0.633*
0.212*
0.490
0.337
0.151*
0.127
0.061

4 (20%)
5 (25%)
6 (30%)
2 (10%)
3 (15%)
4 (20%)

4 (20%)
2 (10%)
10 (50%)
2 (10%)
2 (10%)
4 (20%)

0.047

6 (30%)
5 (25%)
2 (10%)
3 (15%)

10 (50%)
1 (5%)
1 (5%)
4 (20%)

Hypertension
Malignancy
Dyslipidemia
Oxazepam at enrollment

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

Oxazepam dose (mg/day)
Dexamethasone at
enrollment
Dexamethasone dose
(mg/day)
Underlying disease

Surgery/procedure type

No
Yes

SAH
TBI
CNS tumor
Hydrocephalus
Other
Neurovascular
interventions
CNS tumors
TBI decompression
Hydrocephalus (shunt)
Others

hypersensitivity was due to ceftriaxone, not aripiprazole.
No significant differences were found between the two
study groups in the serum levels of total cholesterol, HDL,
LDL, and triglycerides at baseline and end of study or in
daily serum blood sugar levels (p > 0.05).

Discussion
Our pilot study is the first randomized, double-blind, placebocontrolled trial to evaluate the efficacy and safety of

0.489*

aripiprazole for prevention of delirium in patients in the neurosurgical ICU. The administration of aripiprazole in our
study patients resulted in a significant decrease in the rate of
ICU-acquired delirium, evaluated using the CAM-ICU tool.
The prevalence of delirium was also lower in the aripiprazole
group during the follow-up period. Although differences in
the number of delirium-free days and the mean ICU length
of stay did not reach statistical significance, these values numerically favored patients in the aripiprazole group (5.6 vs.
4.3 days and 11.55 vs. 13.80 days, respectively). We did not
observe any significant aripiprazole-related adverse drug
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Table 2 Aripiprazole and
prevention of delirium

p value

Groups
Aripiprazole
Incidence of delirium
Number of delirium-free days
Time to onset of delirium

Mean
95% CI
Mean ± SD

Placebo

4 (20%)

11 (55%)

0.022*

5.6
4.6 to 6.5
2.17 ± 0.41

4.3
3.2 to 5.4
2.09 ± 0.30

0.111**
0.076***

*Based on chi-square test
**Based on Student's t test
***Based on log-rank test

reactions in our study. Larger trials with a longer duration of
follow-up and diverse ICU populations might be warranted to
further elucidate these effects.
Although the pathogenesis of delirium in critically ill patients remains relatively unproven, hypotheses generated by
research outside the ICU propose that delirium results from a
decrease in acetylcholine and increase in dopamine in the
brain, both of which might occur in response to factors promoting cerebral oxidative stress during critical illness [15, 34].
The anticholinergic effects of antipsychotics is a classic issue
in delirium. There is evidence that exposure to anticholinergic
agents leads to increased severity of symptoms in delirium
[35]. However, although both olanzapine and quetiapine are
known for their anticholinergic side effects, there is evidence
supporting the efficacy of these antipsychotics in delirium,
including in ICU populations [14, 13, 36]. Antipsychotics,
which exert their effects by altering concentrations of a variety
of neurotransmitters in the central nervous system, have therefore been recommended as potentially effective pharmacologic therapies for delirium [9–15].
The Society of Critical Care Medicine guidelines for pain,
agitation, and delirium (PAD) recommends atypical antipsychotics for the treatment of delirium as a grade C recommendation, based mainly on the limited published data linking
positive outcomes to quetiapine [14, 30]. However, investigations exploring the role of antipsychotics in delirium prophylaxis are scarce [18–20]. The role of haloperidol in preventing
delirium has been evaluated in only two randomized controlled trials [18, 19].
Wang et al. found that short-term prophylactic intravenous
administration of low-dose haloperidol significantly reduced
the incidence of postoperative delirium in elderly patients admitted to the ICU after non-cardiac surgery [19]. However,
Al-Qadheeb et al. demonstrated that low-dose haloperidol,
initiated early in the ICU stay, did not prevent delirium and
had little therapeutic advantage in mechanically ventilated,
critically ill adults with delirium [18].
Prakanrattana et al. assessed the efficacy of risperidone for
the prevention of postoperative delirium, administered soon
after cardiac surgery with cardiopulmonary bypass and found

that this reduced the incidence of postoperative delirium [20].
Because of the lack of sufficient evidence, the Society of
Critical Care Medicine guidelines do not recommend using a
pharmacologic delirium prevention protocol in adult ICU patients [30].
Aripiprazole, an atypical antipsychotic agent, is a dopamine (D2) partial agonist with intrinsic activity at the receptor
site through stabilization of D2 receptor-mediated neurotransmission without its prolonged blockage. Aripiprazole has an
agonistic effect on serotonin type 1, an antagonistic effect on
serotonin type 2, and a blocking effect on the alpha receptors.
Because of its higher affinity at the D2 receptors than endogenous dopamine, aripiprazole is less likely to elevate serum
prolactin levels and induce EPS than other antipsychotics.
Aripiprazole also has high affinity at the dopamine D3 receptors, which explains its partial agonist activity [23, 24]. By
blocking the D2 receptor, aripiprazole could be effective in
the treatment or prevention of delirium [26].
The CAM-ICU, a validated delirium screening tool, was
used to identify delirium and measure the response to treatment in our study patients. The CAM-ICU demonstrates very
good psychometric properties (i.e., validity and reliability)
and is explicitly designed for use in ICU patients, both on
and off mechanical ventilation. Translated into over 20 languages, this tool is currently in use worldwide [30]. We used
an available validated Persian-language version of the CAMICU (http://www.icudelirium.org/delirium/languages.html).
The definitive role of systemic corticosteroids and benzodiazepines as important risk factors for the development of
delirium in the ICU setting remains controversial [21, 37,
38]. Devlin et al. reported that the drug-associated delirium
literature consists primarily of case series and uncontrolled
cohort studies [37]. Zaal et al. performed a systematic review
of risk factors for delirium in the ICU from 2000 to 2013.
They evaluated critically ill adults not undergoing cardiac surgery and used either multivariable analysis or randomization
to evaluate variables as potential risk factors for delirium [38].
The results for benzodiazepines as a risk factor for the
development of delirium were found to be inconclusive.
This may be explained by the different definitions used in
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Fig. 2 Time to onset of delirium
in all patients. The mean time to
onset of delirium was not
significant different in two groups

the studies, but also by the interplay between delirium, the
indication for benzodiazepines (anxiety, sleep disorders, or
induction of coma), and the potential direct harmful effect of
the medication itself [38].
Although systemic steroid use, particularly in high doses,
has long been assumed to be a potential risk for delirium, until
recently there has been a paucity of rigorous data to confirm
this association. Schreiber et al. [34] evaluated a cohort of 520
mechanically ventilated adults with acute lung injury for the
development of delirium. Among 20 of the potential delirium
risk factors incorporated into the model, only age and the
administration of a systemic corticosteroid in the preceding
24 h were independently associated with a transition to delirium. On the other hand, the results of the Dexamethasone for
Cardiac Surgery trial suggest that the administration of a corticosteroid prior to cardiac surgery does not influence the
prevalence of postoperative delirium [39]. In our study, although the mean doses of benzodiazepines and systemic steroids administered were higher in the placebo group, after
adjusting for these confounders, the incidence of delirium
remained significantly lower in the treatment group than the
placebo group.
Regarding the occurrence of EPS, our results are consistent
with the pooled data from the overall clinical program with
aripiprazole, which indicated that the incidence of EPS with
this agent was similar to that observed with the placebo [40].
QTc interval prolongation on the electrocardiogram has been
observed in patients taking certain antipsychotic medications,
which can lead to torsade de pointes, a potentially fatal cardiac
arrhythmia [41]. In this study, we observed no significant

difference in QTc abnormalities between the aripiprazole and
placebo groups, in agreement with other studies supporting a
low risk of arrhythmic potential for this agent [23].
Hyperglycemia and dyslipidemia have been reported in
patients treated with atypical antipsychotics, particularly with
olanzapine and clozapine [42]. In our study, there was no
significant difference in blood sugar or lipid profile between
the two groups, either at the beginning or end of the study.
The limitations of our study included its small sample size,
complexities regarding delirium assessment in neurological
pathologies, short duration of follow-up, and no more than
daily frequency of assessment for delirium. Further studies
with larger sample size, more diverse ICU patients, better
randomization techniques, more frequent CAM-ICU assessments, longer duration of study, and longer post-ICU followup are warranted to study the role of aripiprazole in delirium
prophylaxis and its effects on post-ICU cognitive function.

Conclusion
Delirium is associated with poor short- and long-term patient
outcome and longer duration of stay in the ICU and hospital.
Data regarding pharmacological interventions for delirium
prophylaxis in critically ill patients are limited. Recent studies
have demonstrated the safety and efficacy of aripiprazole in
various psychiatric disorders. Based on our study, aripiprazole
can be considered a safe and effective choice of treatment to
prevent neurosurgical ICU-acquired delirium. Larger studies
are needed to validate our findings.
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