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Keywords:
 Purpose: Delirium commonly presents as a complication in critically ill patients. Our aim is to perform a meta-

analysis investigating the role of haloperidol versus placebo in management (treatment and prophylaxis), of
delirium in intensive care unit (ICU).
Materials andmethods:Our study is a systematic review andmeta-analysis of randomized controlled trials (RCTs)
comparing haloperidol versus placebo for treatment and/or prophylaxis of ICU-related delirium.
Results: Six RCTs representing 2552 patients. There was no significant difference between haloperidol and
placebo-treated patients in short-term all-cause mortality (risk ratio [RR] 0.96; 95% confidence interval [CI]
0.81–1.14; P = 0.67), incidence of delirium (RR 0.93; 95% CI 0.65–1.34; P = 0.70), ICU length of stay (Mean dif-
ference [MD] 0.00 days; 95% CI -0.82-0.83; P = 0.99), or delirium/coma-free days (MD 0.09; 95% CI -0.05-0.24;
P = 0.21). Haloperidol was not associated with increased risk for serious adverse events (RR 0.65; 95%
CI 0.23–1.88; P = 0.43), QTc prolongation (RR 0.87; 95% CI 0.63–1.19; P = 0.38), or extrapyramidal symptoms
(RR 0.84; 95% CI 0.57–1.23; P = 0.37).
Conclusion:Among critically ill patients, haloperidol administration comparedwith placebodoes not significantly
affect short-termmortality, incidence of delirium, ICU length of stay, or delirium or coma-free days. Additionally,
there was no increased risk of adverse events.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Delirium, a syndrome of acute brain dysfunction, is a common com-
plication in patients undergoing treatment in the intensive care unit
(ICU). It is characterized by a daily fluctuating symptoms of confusion,
inattention, and consciousness disturbances [1]. The underlying cause
of delirium is oftenmultifactorial, andmay be related to neurotransmit-
ter pathway alterations, cerebral oxygen deprivation, and increased ce-
rebral inflammatory cytokines [2-4]. In the ICU, the mean incidence of
delirium is about 30% as shown in a recent systematic review [5], Of
note, ICU patients have greater number of risk factors associated with
ICU treatment, with patients averaging 11 delirium-associated risk
factors [6].
ICU-related delirium is associated with poor clinical outcomes,
including prolonged ICU and hospital length of stay (LOS), development
of post-ICU cognitive impairment, and increased health-care costs
[7-12]. Current guidelines recommend the early instillation of
non-pharmacological strategies for the prevention and treatment of
ICU-associated delirium, such as early mobilization, avoidance of excess
sedation and benzodiazepines, reorientation, as well as the use of
eyeglasses and hearing aids [13].

Haloperidol is a typical antipsychotic with antidopaminergic, anti-
cholinergic, and potential immunomodulatory properties. Use of halo-
peridol for the management of delirium has previously demonstrated
beneficial outcomes in non-critically ill patients, however, its role in
ICU patients is controversial [4,14-16]. Therefore, we conducted a
meta-analysis of all randomized controlled trials (RCTs) in order to
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evaluate the efficacy and safety of haloperidol regardingmanagement of
delirium in ICU patients in comparison to placebo.
2. Methods

2.1. Study design and data sources

Our study is a systematic review and meta-analysis which was con-
ducted according to Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Protocols (PRISMA-P) 2015 Statement [17]. The lit-
erature search and study selection were conducted independently by
two reviewers (A.A. and L.R.). Any discrepancy was solved by a consen-
suswith a third reviewer (Y.Z.).We systematically searched 3 electronic
databases: PubMed, Cochrane Library, and Embase from inception
through October 25th, 2018 using the followingMesh terms: “Haloper-
idol”, “antipsychotic”, “critically ill”, “ICU”, “intensive care unit”, “critical
ill”, “delirium”, “coma”. References of relevant articles were reviewed
for possible eligibility. Any discrepancy was solved via a consensus
with a third reviewer (Y.Z.). Articles were first screened by title and ab-
stract, and the full text of eligible studies were reviewed before exclu-
sion. The search process is detailed in Fig. 1.
Fig. 1. Flow diagram of literature
2.2. Selection criteria and data extraction

Only RCTswere eligible for inclusion in our study.We included trials
that compared haloperidol versus placebo for the management, both
treatment and prophylaxis, of delirium in ICU patients. Before-and-
after treatment trials, cohort studies, and retrospective studies were
excluded.

A predefined table was constructed by the authors for data extrac-
tion which was done by two reviewers separately and independently
(M.B. and M.Ba.). Any discrepancy was discussed and resolved with a
third reviewer (Y.Z.). Authors of included studies were contacted for
missing data.
2.3. Quality assessment

Quality assessment for the included RCTs was performed using the
Cochrane Collaboration's tool to assess the risk of bias. We assessed
the included RCTs for random sequence generation, allocation conceal-
ment, blindness of participants and health-care personnel, blindness of
outcome assessment, incomplete outcomedata, selective reporting, and
other biases.
search and study selection.



Fig. 2. Risk of bias assessment for each of the included RCTs based on author judgment.
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2.4. Clinical outcomes

The primary outcomewas short-term all-causemortality, defined as
≤28 days (30-days mortality, ICU mortality or 21-days mortality was
used in order of preference if 28-days mortality was not reported). Sec-
ondary outcomes included: incidence of delirium defined per either the
Confusion Assessment Method for the ICU (CAM-ICU) or the Intensive
Care Delirium Screening Checklist (ICDSC), ICU LOS (days), number of
delirium and coma-free days at a longer follow up period, incidence of
extrapyramidal symptoms defined by the modified Simpson-Angus
Scale, incidence of corrected QT-interval (QTc) prolongation, and seri-
ous adverse events as defined by each study.

2.5. Statistical analysis

We calculated the pooled risk ratios (RR) for dichotomous data with
their corresponding 95% confidence intervals (CI) using the Mantel-
Haenszel method. For continuous data, we calculated the weighted
mean difference (MD) with their corresponding 95% CI using the in-
verse variance test. In studies reported continuous data in median and
interquartile range (IQR), we contacted the authors asking about these
data in means and standard deviation. In one study, we derived the
means and standard deviations values from reportedmedian and/or in-
terquartile ranges usingmethods described byWan et al. [18] aswe had
no response from the author despite several reminders. Random-effects
model was used to account for heterogeneity between the included
studies. We assessed for heterogeneity using Cochrane Q and I2 tests.
Sensitivity analysis was performed by sequential removal of trials.
Subgroup analysis for the primary outcome (short-term mortality)
was conducted for the studies that administered haloperidol as a pro-
phylaxis vs treatment of delirium. Meta-regression analysis based on
study-level covariates (mean age, daily haloperidol dose, and the
Acute Physiology and Chronic Health Evaluation [APACHE] II score)
was performed. We used Revman v5.3 windows and Comprehensive
Meta-Analysis v3 software for analysis.

3. Results

3.1. Summary of the included studies

Electronic database search yielded 464 studies. After review, 6 RCTs
met our inclusion criteria and were included in the final analysis
[19-24]. The search and study selection processes are shown in Fig. 1.
All the included studies are of high quality (Fig. 2). Of note, in van den
Boogaard et al. study, only haloperidol 2 mg group versus placebo
were included since haloperidol 1 mg group was discontinued early
during the study, and haloperidol dose of 2 mg was compared to pla-
cebo in the primary analyses [23]. Furthermore, Hope-ICU trial by
Page et al. has included patients with and without delirium [21]. The
total number of patients included in final analysis was 2552 patients
(1293 patients in haloperidol group and 1259 patients in the placebo
group). Table 1 summarizes the included studies. The mean age 66.59
± 13.18, 57.8% were males. Acute physiology and chronic health
evaluation II (APATCHE II) score ranged between 8.55 and 30. The base-
line clinical anddemographic characteristics of the included patients are
explained in Table 2.

3.2. Clinical outcomes

3.2.1. Primary outcome
There was no significant difference in the short-term all-cause

mortality between both groups (RR 0.96; 95% CI 0.81–1.14; P = 0.67;
I2 = 0%) (Fig. 3). Subgroup analysis (prophylactic haloperidol vs treat-
ment) did not show any interaction. Meta-regression analysis did not
suggest any covariates effects of the daily haloperidol dose, age, and
APACHE II score on the primary outcome. A sensitivity analysis with
sequential removal of the trials demonstrated consistent results. Fur-
thermore, we conducted sensitivity analysis by including the 1 mg hal-
operidol group in the REDUCE trial, and our results remained consistent.

3.2.2. Secondary outcomes
Therewas no difference in the incidence of delirium (RR 0.93; 95% CI

0.65–1.34; P= 0.70; I2 = 64%), ICU LOS in days (MD 0.00; 95% CI -0.82-
0.83; P = 0.99; I2 = 0%), or delirium/coma free days (MD 0.09; 95% CI
-0.05-0.24; P = 0.21, I2 = 0%) between both groups (Figs. 4-6). Simi-
larly, meta-regression analysis did not suggest any modifier effects.

Furthermore, haloperidol-treated patients exhibited similar inci-
dence of serious adverse events (RR 0.65; 95% CI 0.23–1.88; P = 0.43;
I2 = 0%), QTc prolongation (RR 0.87; 95% CI 0.63–1.19; P = 0.38; I2 =
0%), and extrapyramidal symptoms (RR 0.84; 95% CI 0.57–0.1.23; P =
0.37; I2 = 0%) when compared with placebo (Fig. 7).

4. Discussion

We performed a meta-analysis of only RCTs evaluating the role of
haloperidol in the prevention and/or treatment of ICU associated delir-
ium. Our study revealed that haloperidol does not significantly affect
short-term mortality, incidence of delirium, ICU LOS, or delirium/
coma-free days in critically ill patients. However, we found that halo-
peridol use was does not increase the incidence of serious adverse
events, extrapyramidal symptoms, or QTc interval prolongation.

vanden Boogaard et al. conducted a before-and-after treatment pilot
study in which haloperidol was used to prevent delirium in mixed ICU
population and found that it was associated with lower incidence of de-
lirium and more delirium-free days when compared to placebo [25].



Table 1
Summary of included studies. ICU: Intensive care unit. Mg: Milligram.

Studies Study design Patient number Follow-up
period

Inclusion criteria Haloperidol dose Duration of Haloperidol

Girard [19] Multi-center,
randomized,
double-blind,
placebo-controlled
trial.

Total:101
Haloperidol:35
Ziprasidone:30
Placebo:36

21 days Adult mechanically ventilated
medical and surgical ICU patients
who had an abnormal level of
consciousness or were receiving
sedative or analgesic medications

-Haloperidol 5 mg
every 6 h

Haloperidol was stopped if patient was
delirium free for 48 h, experienced a
predefined side effects or at day 14 of
study period.

Wang [20] Prospective,
randomized,
double-blind, and
placebo controlled
trial in two centers.

Total:457
Haloperidol:229
Placebo:228

28 days Patients 65 years or older who were
admitted to the ICU after noncardiac
surgery

Bolus injection of 0.5
mg haloperidol
followed by
continuous infusion at
a rate 0.1 mg/h
haloperidol

12 h

Page [21] Single center
double-blind,
placebo-controlled
randomized trial

Total:141
Haloperidol:71
Placebo:70

28 days Critically ill patients (≥18 years)
needing mechanical ventilation
within 72 h of admission.

Haloperidol 2.5 mg
Every 8 h

Medication was discontinued on ICU
discharge, once delirium-free and coma
free for 2 consecutive days, or after a
maximum of 14 days of treatment,
whichever came first. Medication was
restarted if patient developed delirium.

Al-Qadheeb
[22]

Single center
randomized,
double-blind,
placebo-controlled
trial.

Total:68
Haloperidol:34
Placebo:34

10 days and
until
dispo-sition

ICU mechanically ventilated patients
with subsyndromal delirium

Haloperidol 1 mg
every 6 h

Study medication was stopped when
one of the following occurred: delirium,
ICU discharge, 10 days of therapy had
elapsed, or development of adverse
effects necessitating study drug
discontinuation.

van den
Boogaard
[23]

Multi-center
randomized,
double-blind,
placebo-controlled
tiral

Total:1789
-Haloperidol 1
mg:350
-Haloperidol 2
mg:732
-Placebo:707

90 days Patients aged 18 years or older,
delirium free, with an anticipated
ICU stay of at least 2 days

-Haloperidol 1 mg
every 8 h
-Haloperidol 2 mg
every 8 h

Medication was started within 24 h of
admission to the ICU through day 28,
until ICU discharge (whichever came
first), or until delirium occurred.

Girard [24] Multi-center
randomized,
double-blind,
placebo-controlled,
phase 3 trial

Total: 566
Haloperidol: 192
Ziprasidone: 190
Placebo: 184

90 days Patients18 years of age or older with
delirium who were managed in a
medical or surgical ICU

−2.5-10 mg every 12
h for patients b70yers
−1.25-5 mg every 12
h for patients N70
years.
-Patients received up
to 10 mg every 12 h
and up to 20 mg every
24 h.

Trial drug or placebo was discontinued if
patient had no delirium for 48 h,
development of a pre-defined side
effects, after the 14-days intervention
period or at ICU discharge, whichever
occurred first.
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However, given the observation design of their study and unmeasured
confounders, inference is difficult to establish. Unfortunately, van den
Boogaard and his colleagues found different results in the REDUCE
(pRophylactic halopEriDol Use for Delirium in iCu patiEnts With a
High Risk for Delirium) trial, which included N1700 patients [23]. In ad-
dition, there was no significant difference in mortality, number of days
free of delirium and coma, and other clinical outcomes in MIND-USA
(Modifying the Impact of ICU-Associated Neurological Dysfunction-
USA) trial which investigated the role of haloperidol in treatment of
Table 2
Baseline characteristics of included study population.

Studies Group Age in years Male sex %

Girard [19] Haloperidol 51 (35–59) 57%
Placebo 56 (43–68) 61%

Wang [20] Haloperidol 74(5.8) 63.3%
Placebo 74.4 (7.0) 62.7%

Page [21] Haloperidol 67.9 (16.5) 52%
Placebo 68.7 (14.9) 64%

Al-Qadheeb [22] Haloperidol 61.7 16.9 52.9%
Placebo 59.3 (14.9) 58.8%

van den Boogaard [23] Haloperidol 66.7 (12.7) 62.7%
Placebo 67.0 (12.6) 61.4

Girard [24] Haloperidol 61 (51–69) 56%
Placebo 59 (52–67) 58%

BMI: bodymass index, APATCHE: Acute Physiology and Chronic Health Evaluation. NA: not ava
percent.
ICU related delirium [24]. Furthermore, in the Hope-ICU randomized
clinical trial, there was no difference between placebo and haloperidol
groups in terms of delirium-free days [21]. Our analysis showed no
efficacy benefits of haloperidol on all of the studied clinical outcomes
—namely, the incidence of delirium, ICU length of stay, and number of
delirium or coma-free days during ICU stay.

Despite the increasedmortality andmorbidity associatedwith delir-
ium among critically ill patients, optimal pharmacological management
of this common condition remains unknown. Thoughmany hypotheses
APACHE 2 score Mechani-cally ventilated Admission type

Medical Surgical

26 (21−31) 100% 57% 23%
26 (21−32) 100% 64% 22%
8.70 (3.00) NA 0 100%
8.55 (2.79) NA 0 100%
19.8 (6.2) 100% 59% 41%
19.7 (6.9) 100% 70% 30%
19 (17–23) 100% 67.6% 32.4%
20 (17–24) 100% 73.5% 26.5%
19.2 (6.9) 68% 49.9% 46%
19.0 (6.8) 64.6% 50.5% 46.4%
28.5 (23–34) 93% NA NA
30 (24–34) 92% NA NA

ilable. Data are presented withmean (standard deviation), median (interquartile range) or



Fig. 3. Forest plot for short-term all-cause mortality.

Fig. 4. Forest plot for incidence of delirium.

284 Y. Zayed et al. / Journal of Critical Care 50 (2019) 280–286
have been postulated, the underlying pathogenesis continue to be un-
proven [4,26,27]. Alterations of neurotransmitters, such as an excess of
dopamine and cholinergic deficiency likely represent a central pathol-
ogy. As such, haloperidol does represent an attractive option for the pre-
vention and treatment, primarily due to their D2 dopamine receptor
antagonist effects, acetylcholine disinhibition, and reduction of psycho-
tropic sedatives/analgesics [16]. However, there is no clear evidence for
benefit of haloperidol for ICU-related delirium, and the current Society
of Critical Care guidelines discourage the use of haloperidol in such pa-
tients [28].

In this study, we selected mortality as the primary outcome to en-
sure an objective assessment for the included RCTs. Previous cohort
studies have shown conflicting mortality outcomes regarding the use
of haloperidol in critically ill patients [29,30]. Additionally, delirium
was associated with an increased risk of mortality in three prospective
cohort studies [7-9].Milbrandt et al. demonstrated in a retrospective co-
hort study that haloperidol administration in ICU-related delirium was
associatedwith significantly lowermortality [30]. However, in our anal-
ysis including only RCTs, we found no survival benefit of haloperidol
over placebo. Similarly, in a recent Cochrane systematic review, antipsy-
chotics showedno survival benefits for the treatment of delirium in hos-
pitalized non-ICU patients [31].

In an RCT conducted byWang et al. for non-cardiac surgery patients,
treatment of such patients in the ICU was associated with significantly
reduced incidence of delirium in patients treated with haloperidol
[20]. The included patients in this study were not critically ill, with an
Fig. 5. Forest plot for intensive
APACHE II score of b9 and median ICU stay was less than one day; fur-
thermore, they have low incidence of delirium in both groups, which
explains the discrepancy between their findings and our analysis. A sub-
group analysis in the REDUCE trial showed no benefit of haloperidol,
even in surgical patients [23]. Findings similar to Wang et al. were
obtained in previous studies of post-surgical ICU patients treated with
various antipsychotic therapy, and haloperidol showed beneficial ef-
fects on the clinical outcomes in these patients [15,32-35]. Further sen-
sitivity analysis based on admission type (surgical vsmedical) could not
be performed in our analysis since the included studies did not account
for this data. These datamay suggest a different pathophysiological trig-
ger for delirium based on the baseline risk factors and critical illness it-
self and, thus, differential responses to anti-psychotics [36,37]. These
findings highlight the importance of larger RCTs to examine the role of
haloperidol in surgical patients admitted to ICU.

Of note, we found no increased safety profile among the treated pa-
tients in terms of serious adverse events, prolonged QTc interval or inci-
dence of extrapyramidal symptoms. Although the rates of
extrapyramidal symptoms and QTc prolongation were varied among
the included studies, it may be a result of various doses and routes of
haloperidol administration.

In light of these data, clinicians should focus on non-
pharmacological interventions and strategies such as earlymobilization
and the adoption of mild sedation. Additionally, clinicians should opti-
mize modifiable risk factors and practice using minimal antipsychotics
in the event of delirium development.
care unit length of stay.



Fig. 6. Forest plot for number of delirium/coma free days.
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4.1. Limitations

Our analysis has several pertinent limitations. First, the included
studies utilized different doses, routes, and duration of haloperidol. Ad-
ditionally, each study had different indications regarding discontinua-
tion or resumption of the study medications. Second, the included
trials studied different populations, with different risks and severity of
illnesses. Third, agitated patients in both groups received open-label an-
tipsychotics, and it is possible that such intervention altered the out-
comes, thus, it would need to be controlled in future studies. Fourth,
as we lacked patient-level data, we were not able to quantify the effect
of sedatives on the clinical outcomes. The use of some sedatives, such as
dexmedetomidine, as well as light sedations may have added an addi-
tional layer of deliriumprevention,while benzodiazepinesmay have re-
duced the threshold for delirium. Fifth, wewere not able to quantify the
Fig. 7. Forest plot for
effect of various non-pharmacological strategies among the included
trials. Several trials have adopted multiple strategies in both arms and
controlling such strategies might provide additional insight towards
the role of haloperidol vs placebo solely. Sixth, the data for continuous
variables were reported by median and IQR which were used to calcu-
late the mean and standard deviation in one study, although we
contacted the authors asking about the original data inmeans but unfor-
tunately, we had no response despite several reminders.

5. Conclusion

In patients admitted to ICU, the use of haloperidol for the manage-
ment of delirium (prophylaxis or treatment) has no significant reduc-
tion of short-term mortality, incidence of delirium, ICU LOS, increased
delirium or coma-free days compared with placebo. However,
adverse events.
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haloperidol treated patients have no increased risks for development of
serious adverse events, QTc prolongation, or extrapyramidal symptoms.
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