Association Between Incident Delirium
Treatment With Haloperidol and Mortality in

Critically lll Adults®

OBIJECTIVES: Haloperidol is commonly administered in the ICU to re-
duce the burden of delirium and its related symptoms despite no clear
evidence showing haloperidol helps to resolve delirium or improve survival.
We evaluated the association between haloperidol, when used to treat in-
cident ICU delirium and its symptoms, and mortality.

DESIGN: Post hoc cohort analysis of a randomized, double-blind, pla-
cebo-controlled, delirium prevention trial.

SETTING: Fourteen Dutch ICUs between July 2013 and December 20186.

PATIENTS: One-thousand four-hundred ninety-five critically ill adults free
from delirium at ICU admission having an expected ICU stay greater than
or equal to 2 days.

INTERVENTIONS: Patients received preventive haloperidol or placebo
for up to 28 days until delirium occurrence, death, or ICU discharge. If
delirium occurred, treatment with open-label IV haloperidol 2mg tid (up to
5 mg tid per delirium symptoms) was administered at clinician discretion.

MEASUREMENTS AND MAIN RESULTS: Patients were evaluated
tid for delirium and coma for 28 days. Time-varying Cox hazards models
were constructed for 28-day and 90-day mortality, controlling for study-
arm, delirium and coma days, age, Acute Physiology and Chronic Health
Evaluation-Il score, sepsis, mechanical ventilation, and ICU length of stay.
Among the 1,495 patients, 542 (36%) developed delirium within 28 days
(median [interquartile range] with delirium 4 d [2-7 d]). A total of 477 of
542 (88%) received treatment haloperidol (2.1 mg [1.0-3.8 mg] daily) for
6 days (3—11 d). Each milligram of treatment haloperidol administered daily
was associated with decreased mortality at 28 days (hazard ratio, 0.93;
95% CI, 0.91-0.95) and 90 days (hazard ratio, 0.97; 95% ClI, 0.96-0.98).
Treatment haloperidol administered later in the ICU course was less pro-
tective of death. Results were stable by prevention study-arm, predelirium
haloperidol exposure, and haloperidol treatment protocol adherence.

CONCLUSIONS: Treatment of incident delirium and its symptoms with
haloperidol may be associated with a dose-dependent improvement in sur-
vival. Future randomized trials need to confirm these results.

KEY WORDS: coma; delirium; haloperidol; intensive care; mortality; risk
factors

in up to 50% of critically ill adults and is associated with a substan-
tial burden to patients and their families, a longer length of ICU stay,
and long-term cognitive impairment (2-6). These concerns, coupled with the

D elirium, the phenotypic expression of acute encephalopathy (1), occurs
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importance of treating certain delirium symptoms
acutely (e.g., agitation, delusions), result in the frequent
administration of antipsychotic medications like halo-
peridol to treat delirium in the ICU (7, 8). The use of
haloperidol to treat ICU delirium persists despite three
randomized trials (one pilot [9], one evaluating patients
both with and without delirium [10], and one evaluating
patients with delirium admitted with acute respiratory
failure or shock [11], clearly demonstrating no benefit
with haloperidol use on days spent with delirium and
mortality). A recent practice guideline recommends
haloperidol should not be routinely administered for
ICU delirium treatment (12). Although haloperidol
may help reduce agitation in critically ill adults with de-
lirium (10), the presence of agitation is not associated
with increased mortality (13).

Incident delirium refers to delirium occurring after
(and not before) ICU admission; prevalent delirium
refers to delirium occurring before or at ICU admis-
sion. Cohort studies have found an association between
prevalent delirium and longer term mortality, although
this association is highly dependent on ICU severity of
illness (14). Recent data suggest incident delirium does
not affect 28- or 90-day mortality (15). Prior ICU hal-
operidol delirium treatment randomized trials have
enrolled patients with both prevalent and incident de-
lirium (10, 11). Data suggest delays in treating delirium
in the ICU are associated with increased mortality (16).
A delay to the initiation of haloperidol after delirium
occurrence may be greater with prevalent delirium
than incident delirium particularly when delirium
first occurs prior to ICU admission. The Prophylactic
Haloperidol Use for Delirium in ICU Patients at High
Risk for Delirium (REDUCE) trial, a multicenter, ran-
domized, placebo-controlled ICU study of critically ill
adults without delirium at the time of ICU admission,
failed to demonstrate any benefit of administering low-
dose haloperidol to prevent delirium (17). In the trial,
when the prevention intervention failed and incident
delirium occurred, clinicians immediately adminis-
tered scheduled treatment haloperidol and titrated
upwards using a symptom-driven approach.

The relationship between haloperidol used to treat
incident delirium and its symptoms in the ICU and
mortality remains unclear. We therefore performed a
post hoc analysis of the REDUCE trial to evaluate the
association between treatment haloperidol exposure
and mortality in a population of critically ill adults
without delirium at the time of ICU admission.
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MATERIALS AND METHODS

Study Design and Population

This is a post hoc analysis of a three-armed, randomized,
placebo-controlled trial evaluating haloperidol for the
prevention of delirium in the ICU. The study design and
results have been previously described (17, 18). In short,
1,789 critically ill adults from 21 Dutch ICUs with an ex-
pected ICU stay greater than or equal to 2 days, and who
had neither delirium nor an acute neurologic injury at
ICU admission, were randomized within 24 hours of
ICU admission to receive haloperidol 2mg IV q8h, hal-
operidol 1mg IV q8h, or placebo for up to 28 days or
until delirium, ICU discharge, or death occurred. Only
the 1,495 patients (83.6%) with complete delirium and
coma assessment data on all ICU days were included, re-
gardless of haloperidol treatment exposure, and merged
into one cohort for the current analysis (17). Patients
were managed with a multimodal, nonpharmacologic
delirium-reduction protocol focused on wakefulness,
mobility, and sleep improvement. The REDUCE study
was approved by the Arnhem-Nijmegen medical ethics
committee (CMO-number 2012/424).

Exposures and Outcomes

Patients were assessed tid for up to 28 days from the time
of ICU admission for the presence of coma (Richmond
Agitation Sedation Scale [RASS] score < -4) and de-
lirium (Confusion Assessment Method for the ICU
[CAM-ICU]) (19, 20). Delirium was deemed to be pre-
sent on any day if greater than or equal to one CAM-
ICU assessment was positive. If coma was present on a
nondelirium day, this day was classified as a coma day.
All other days were classified as days with neither de-
lirium nor coma. Mortality was evaluated for 28 days
and 90 days after enrollment. Baseline information in-
cluding age, severity of illness (Acute Physiology and
Chronic Health Evaluation [APACHE] II) score (21),
presence of sepsis, requirement for mechanical ventila-
tion, and ICU length of stay were also collected.

In patients where delirium occurred, the ICU clinical
team was encouraged to immediately initiate open-label
haloperidol starting at a dose of 2mg tid. Using a de-
lirium symptom-based approach, the clinical team was
instructed to increase the treatment haloperidol dose up
to a maximum dose of 5mg tid. After 3 days of treatment,
if delirium (and its symptoms) resolved, clinicians were
instructed to halve the daily haloperidol dose. On the next
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day, if delirium and its symptoms did not reoccur, the hal-
operidol dose was halved again and then stopped on the
third delirium-free day. If delirium recurred during this
dose-reduction phase, then haloperidol was resumed at
the most recent effective dose. Nonstudy haloperidol use
was not permitted in patients who did not develop de-
lirium. The use of other antipsychotics (e.g., quetiapine)
was not permitted. Analgesics and sedatives were admin-
istered at the discretion of the clinical ICU team. All data
used in the analyses for this study were collected in ac-
cordance with the REDUCE study protocol (18).

Statistical Analysis

A time-varying Cox regression model was created for
both 28- and 90-day mortality. Patients were followed
from ICU admission to death; patients who survived
to the mortality endpoint were censored. Each model
controlled for several a priori-determined potential
confounders: days spent with delirium and/or coma in
the 28 days after ICU admission, patient age, baseline
severity of illness, presence of sepsis during the ICU,
the need for mechanical ventilation, and the competing
risk of ICU length of stay. Treatment haloperidol was
modeled as a continuous predictor using average daily
treatment dose with hazard ratios (HRs) reported for
each 1mg increase. An interaction between time and
treatment haloperidol administration was introduced
to examine the potential time-varying nature of treat-
ment haloperidol exposure. Additionally, we created
a second model using a segmented time-dependent
covariate accounting for ICU day and the dose of halo-
peridol administered on that day. A sensitivity analysis
controlling for the random study treatment allocation
to prevention haloperidol (i.e., haloperidol 2mg IV tid,
haloperidol 1 mg IV tid, or placebo) was conducted to
study the impact of prevention study group assignment
on the treatment haloperidol-mortality association of
interest. Additional models were constructed to eval-
uate the association between total ICU haloperidol
exposure (i.e., both prevention and treatment) and mor-
tality. A per-protocol sensitivity analysis was conducted
that excluded delirium-positive patients not exposed to
treatment dose haloperidol, patients without delirium
exposed to nonstudy haloperidol, or patients exposed
to an antipsychotic other than haloperidol after inci-
dent delirium occurrence. We also stratified the model
by delirium status to understand the role of open-label
haloperidol in patients with and without delirium and
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controlled for days spent mechanically ventilated as
an estimation of whether daily changes in severity in
illness influenced our results (22, 23). The role of ad-
mission type (medical vs surgical) on the haloperidol-
mortality association was evaluated, and we conducted
an analysis controlling for clustering by study center. To
ensure our model was not conditional on an indication
for treatment, we created a post hoc model controlling
for delirium and coma status as a segmented time-
varying covariate. We also created a model not control-
ling for delirium or coma status. All data were analyzed
using SPSS Version 24 (SPSS, Chicago, IL). A p value
of less than 0.05 was considered statistically significant.

RESULTS

Among the 1,495 patients, 542 (36%) developed de-
lirlum for 4 days (2-7 d) (median [interquartile
range]) within the first 28 days of ICU admission (du-
ration 4 d [2-9 d]), and 489 (32%) received treatment
haloperidol (Table 1). Patients, on average, were 66.3
years old, 61.8% male, and had a mean admission
APACHE-II score of 19.2 + 7.0. More than three quar-
ters required mechanical ventilation, and close to one
third were diagnosed with sepsis. Patients had similar
characteristics regardless of delirium presence, receipt
of treatment haloperidol (Table 1), or survival to 28
days (vs 90 d) (Supplemental Table 1, Supplemental
Digital Content 1, http://links.lww.com/CCM/G236).
Among the 542 delirium-positive patients, 11.9%
never received open-label haloperidol, and among
the 953 delirium-negative patients, 1.3% received
open-label haloperidol; these subgroups were similar
(Supplemental Table 2, Supplemental Digital Content 2,
http://links.lww.com/CCM/G237). Among the 922
coma-positive patients, 45.1% received open-label hal-
operidol, and among the 573 coma-negative patients,
12.7% received open-label haloperidol; the coma-pos-
itive subgroup who received haloperidol had higher
APACHE-II score, more sepsis, and longer ICU stays
(Supplemental Table 3, Supplemental Digital Content 3,
http://links.lww.com/CCM/G238).

Among the 922 patients spending greater than or
equal to 1 day with coma in the 28 days after ICU admis-
sion, 2 days (1-5 d) were spent with coma. The greatest
number of patients with delirium (211; 14.1%) occurred
on ICU day 4 (Supplemental Fig. 1, Supplemental Digital
Content 4, http://links.Ilww.com/CCM/G239). Among the
489 patients (32.7%) receiving ICU treatment haloperidol,
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TABLE 1.

Demographics and Characteristics of Patients by Survival Status at 28 and 90 Days

Total,

Variable n=1,495

Age, mean =% sp, yr 66.3 126

Male gender, n (%) 924 (61.8)

Acute Physiology and Chronic Health 19.2+£70
Evaluation-ll score, mean * sp?

Sepsis, n (%) 467 (31.2)

Mechanical ventilation, n (%) 1156 (77.3)

ICU length of stay, median (IQR), d 4 (2-9)

Prediction of Delirium in ICU Patients 258+ 12.0
score, mean £ sp®

Delirium positive, n (%) 542 (36.3)
Days of delirium (in 28 d), median (IQR) 4 (2-7)

Coma positive, n (%) 922 (61.7)
Days of coma (in 28 d), median (IQR) 2 (1-5)

Days with either delirium or coma (in 28 d), 2 (0-5)
median (IQR)

Reintubation, n (%) 143 (9.6)

ICU readmission, n (%) 151 (10.1)

Administration of
Treatment Haloperidol

Delirium Positive

Yes, No, Yes, No,
n=>542 n =953 n=489 n=1,006
67.7*11.4 655*132 67.7*x11.4 656%+13.2
357 (65.9) 567 (69.5) 326 (66.7) 598 (59.4)
205+6.8 18570 204*x6.8 18.7x70
203 (37.5) 264 (27.7) 184 (376) 283(28.1)
508 (93.7) 648(68.0) 459(93.9) 697 (69.3)
9 (5-17) 3 (2-5) 9 (5-18) 3 (2-6)
294+115 238*x11.8 29.1*x11.3 242%+12.0
100 (100) 0 (0) 477 (97.5) 65 (6.5)
4 (2-7) 0 (0-0) 4 (2-8) 1(1-2)
461 (85.1) 461 (48.4) 416(85.1) 506 (50.3)
4 (2-7) 2 (1-3) 4 (2-7) 2 (1-3)
7 (4-12) 0 (0-2) 7 (4-12) 1(0-2)
101 (18.6) 42 (4.4) 95 (19.4) 48 (4.8)
70 (12.9) 81 (8.5) 59 (12.1) 92 (9.1)

IOR = interquartile range.

2Acute Physiology and Chronic Health Evaluation-Il score ranges from O to 71; the higher the score, the more severely ill the patient and

the higher the hospital mortality risk.

*Prediction of Delirium in ICU Patients score ranges from O to 100, representing the percentage risk that delirium occur during the com-

plete ICU length of stay.

the average daily dose was 2.1 mg (1.0-3.8 mg) and never
exceeded 4.5 mg. Treatment haloperidol was administered
for 6 days (3-11 d) and continued after ICU discharge in
only 10 patients (2.0%). The average daily dose of treatment
haloperidol was greater for survivors (vs nonsurvivors) on
all, but 5 of the 28 ICU days patients were administered
haloperidol. A total of 10 delirium patients (0.7%) re-
ceived olanzapine, and 29 (1.9%) received quetiapine.
Over 28 days of follow-up, each milligram of treat-
ment haloperidol administered daily to a patient with
delirium was associated with a 7% decrease in mor-
tality (HR, 0.93; 95% CI, 0.91-0.95) (Table 2). This
haloperidol dose-mortality reduction relationship was
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found to be time dependent. The association between
haloperidol treatment and 28-day mortality decreased
daily as haloperidol was administered later in the
ICU course (HR, 1.003; 95% CI, 1.002-1.004) and
was detected through ICU day 19 (Fig. 1). The asso-
ciation between open-label treatment haloperidol and
reduced mortality was also observed when a segmented
time-varying covariate structure for dose was used, al-
though the association with the time-varying dose
covariate was not significant (Supplemental Table 4,
Supplemental Digital Content 5, http://links.lww.com/
CCM/G240). Treatment haloperidol continued to be
associated with a dose-dependent, time-dependent
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TABLE 2.

Hazard Ratios for Risk of Death from Adjusted Time-Varying Cox Regression Models

Variable

28 d Mortality Hazard

Ratio (95% CI)

90 d Mortality Hazard

Ratio (95% CI)

Treatment haloperidol average daily dose (mg)

Interaction of time and haloperidol dose

0.93 (0.91-0.95)

1.003 (1.002-1.004)

0.97 (0.96-0.98)

1.0005 (1.0003-1.0007)

(

(
Total number of days with delirium or coma 1.13 (1.09-1.17) 1.07 (1.04-1.10)
Age 1.04 (1.03-1.06) 1.04 (1.03-1.05)
Acute Physiology and Chronic Health Evaluation-Il score? 1.07 (1.05-1.09) 1.06 (1.05-1.08)
Sepsis 1.84 (1.42-2.39) 1.77 (1.40-2.23)
Mechanical ventilation 2.51 (1.68-3.75) 1.95 (1.38-2.75)
ICU length of stay 0.93 (0.90-0.95) 0.97 (0.99-0.99)

2APACHE-II score ranges from O to 71; the higher the score, the more severely ill the patient and the higher the hospital mortality risk.

reduction in mortality at 28 days when we considered
study treatment arm allocation (HR, 0.93; 95% CI,
0.91-0.95) (Supplemental Table 5, Supplemental Digital
Content 6, http://links.Iww.com/CCM/G241), total hal-
operidol exposure (i.e., both prevention + treatment)
(HR, 0.97; 95% CI, 0.96-0.98) (Supplemental Table 6,
Supplemental Digital Content 7, http://links.lww.com/
CCM/G242), and only those patients who had delirium
and received treatment haloperidol (HR, 0.93; 95%
CI, 0.91-0.95) (Supplemental Table 7, Supplemental
Digital Content 8, http://links.lww.com/CCM/G243).
Over 90 days of follow-up, each milligram of treat-
ment haloperidol administered was associated with
a 3% decrease in mortality (HR, 0.97; 95% CI, 0.96-
0.98), a weaker association with reduced mortality
than observed at 28 days. This association with reduced
mortality at 90 days also decreased as haloperidol was
administered later in the course of the ICU admission
(HR, 1.0005; 95% CI, 1.0003-1.0007). The association
between open-label treatment haloperidol and reduced
mortality at 90 days was also observed when a seg-
mented time-varying covariate structure for dose was
used, although the association with the time-varying
dose covariate was not significant (Supplemental Table
4, Supplemental Digital Content 5, http://links.lww.
com/CCM/G240). Treatment haloperidol continued
to be associated with a dose-dependent, time-depen-
dent reduction in mortality at 90 days when we con-
sidered study treatment arm allocation (HR, 0.97; 95%
CL 0.96-0.98) (Supplemental Table 8, Supplemental
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Digital Content 9, http://links.lww.com/CCM/G244),
total haloperidol exposure (i.e., prevention + treat-
ment) (HR, 0.98; 95% CI, 0.98-0.99)(Supplemental
Table 9, Supplemental Digital Content 10, http://
links.lww.com/CCM/G245), and only those patients
who had delirium and received treatment haloperidol
(HR, 0.97; 95% CI, 0.96-0.98) (Supplemental Table
10, Supplemental Digital Content 11, http://links.Iww.
com/CCM/G246).

Although open-label haloperidol administered to
patients without delirium was not associated with a dif-
ference in either 28- and 90-day survival (Supplemental
Table 11, Supplemental Digital Content 12, http://
links.Iww.com/CCM/G247), treatment haloperidol
administered to delirium-positive patients continued
to be associated with lower 28- and 90-day mortality
(Supplemental Table 12, Supplemental Digital Content
13, http://links.lww.com/CCM/G248). When the daily
requirement for mechanical ventilation, a potential
marker for greater daily severity of illness, was con-
trolled for, treatment haloperidol continued to be associ-
ated with a dose-dependent, time-dependent reduction
at both 28 days (HR, 0.93; 95% CI, 0.91-0.95) and 90
days (HR, 0.97; 0.96-0.98) (Supplemental Table 13,
Supplemental Digital Content 14, http://links.Iww.com/
CCM/G249). Controlling for surgical (vs medical) ad-
mission did not influence the reported association be-
tween daily treatment haloperidol and either 28- or
90-day mortality (Supplemental Table 14, Supplemental
Digital Content 15, http://links.lww.com/CCM/G250).
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Figure 1. Time-varying hazard ratio for 28 d mortality for each additional milligram of haloperidol administered daily.

Controlling for clustering by study center had no relevant
effect on the haloperidol-mortality association reported
(Supplemental Table 15, Supplemental Digital Content
16, http://links.Iww.com/CCM/G251). A sensitivity anal-
ysis accounting for the time-varying nature of delirium
and coma did not change the direction of the associa-
tion between haloperidol and mortality (Supplemental
Table 16, Supplemental Digital Content 17, http://links.
lww.com/CCM/G252). Last, removal of delirium or
coma days from the model resulted in no change to the
nature of the association between haloperidol and mor-
tality (Supplemental Table 17, Supplemental Digital
Content 18, http://links.lww.com/CCM/G253).

DISCUSSION

The REDUCE trial showed administration of halo-
peridol to a broad range of critically ill adults without
delirium neither prevented delirium nor reduced

1308 www.ccmjournal.org

mortality (17). This post hoc analysis of the REDUCE
study cohort demonstrates that use of haloperidol
to treat incident delirium, and where the haloper-
idol dose is titrated to resolve both delirium and its
symptoms, may be associated with lower 28-day mor-
tality in a dose-dependent, time-dependent manner.
Sensitivity analysis reveals this survival benefit is dem-
onstrated only in delirium-positive patients. Although
an association between haloperidol and reduced mor-
tality was still observed up to 90 days, it was lower
than that observed at 28 days suggesting this effect
may wane over time. Similar to sepsis, mortality at 90
days among patients with delirium may also be bet-
ter attributed to the comorbidity burden of patients at
baseline rather than the specific delirium care a patient
receives during their ICU and post-ICU hospital stay
(24, 25). Randomized studies are needed to confirm
the results we report in both incident and prevalent de-
lirilum patients. Until this research is completed, ICU
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clinicians should not assume treating delirium and its
symptoms with haloperidol will reduce mortality.

Our analysis evaluated varying treatment doses of
haloperidol and explored the interaction between hal-
operidol use and its administration time. By doing so,
we found that when haloperidol is administered to
patients where incident delirium occurs later in their
ICU stay, any potential survival benefit decreases.
Although patients with incident delirium were un-
doubtedly prescribed haloperidol to treat agitation,
the presence of agitation itself does not influence any
potential relationship between delirium occurrence
and mortality (13). Although the results of our cohort
analysis should be considered hypothesis generating
and do not allow conclusions about causality to be
made (26, 27), the administration of haloperidol
occurred prior to death, and the protective effect of hal-
operidol on mortality we observed is dose dependent.
Due to a lack of inflammatory biomarker data or de-
lirilum symptom data, we are not able to hypothesize
on other potential mechanisms for the mortality ben-
efit we observed, some which may be independent of
the days spent with delirium or coma (28).

The conclusions we make from our cohort analysis
run contrary to the results of two recent randomized
controlled trials, the Moditying the Impact of ICU-
Associated Neurologic Dysfunction-USA (MIND-
USA) study (11) and the Haloperidol Effectiveness
in ICU delirium (HOPE-ICU) trial (10). Unlike the
patients in REDUCE, some of the patients in MIND-
USA and HOPE-ICU had prevalent delirium. Among
patients where delirium first occurred prior to ICU ad-
mission, a delay between first delirium onset and hal-
operidol initiation may have occurred. In HOPE-ICU,
some of the patients did not have delirium at the time
of randomization. It remains unclear how differences
between the ICU adults enrolled in the HOPE-ICU
(all mechanically ventilated medical or surgical) or the
MIND-USA (acute respiratory failure or shock) trials
and those enrolled in the REDUCE trial (medical or
surgical with anticipated > to 2 d ICU stay; approx-
imately two thirds mechanically ventilated) influence
the results we report.

Our analysis has potential limitations. Cohort stud-
ies like ours are more susceptible to selection bias than
randomized trials like MIND-USA or HOPE-ICU.
The daily rate by which the haloperidol treatment
dose could be escalated was left to clinicians and was
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neither protocolized or randomized. Ten percent of the
patients with incident delirium never received treat-
ment haloperidol although removal of these patients
from the analysis did not change the results. Daily
RASS scores were not available, and thus, we were not
able to characterize daily delirium as hypoactive, hy-
peractive, or mixed. The haloperidol dose may have
been more aggressively titrated upwards for patients
with hyperactive (vs hypoactive) delirium. However,
recent data suggest the association between haloper-
idol use in ICU patients with delirium and mortality is
not driven by delirium subtype (29).

Although haloperidol used to prevent delirium in
the REDUCE trial may have affected the haloperidol
daily delirium treatment-mortality relationships we
report, this relationship was consistent regardless of
whether patients were randomized to the 1mg, 2mg,
or placebo prevention arms. Although there are time-
varying (e.g., daily changing severity of illness) and
static factors (e.g. comorbidities) not included that
could have influenced our analysis, days spent on me-
chanical ventilation (a useful marker for daily severity
of illness) did not affect the results we report (14, 30).
Importantly, the confounding variables we identified
a priori are extensive and represent the key factors
known to influence the relationship between delirium
occurrence and mortality in critically ill adults, yet
there may have been unmeasured confounders that we
did not account for.

Although pharmacologic (e.g., choice of sedation)
and nonpharmacologic (e.g., early mobilization) strat-
egies known to affect delirium were not considered,
our use of data from a rigorous clinical trial implies a
similar distribution of these interventions across study
sites and between treatment arms (12). Notably, cen-
ters reported 88% compliance with the use of nonphar-
macologic delirium prevention methods. Additionally,
inclusion of randomized treatment allocation did not
alter the estimates of our models, suggesting a good
balance of potential confounders and proper con-
trol within our analyses. We were unable to control
for post-ICU factors that could affect the association
between haloperidol exposure and mortality. These
unmeasured factors could result in residual confound-
ing influencing the mortality associations we report.
Although haloperidol dose-escalation was delirium
symptom-driven, the severity and types of symptoms
present were not collected. It remains unclear if ICU

1309

www.ccmjournal.org

Copyright © 2021 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.



Duprey et al

haloperidol exposure affects mortality more than 3
months after ICU admission. Our study was also not
able to evaluate the association between the daily ad-
ministration of more than 16 mg of haloperidol and
mortality given daily doses this high were not permit-
ted in the study. Last, the results of our analysis may
not be fully extrapolatable at centers having ICU care
processes different from those of our study.

CONCLUSIONS

Among patients without delirium at the time of ICU
admission, the dose of haloperidol administered for the
treatment of incident delirium and its symptoms, when
it occurs, may be associated with improved survival.
Future prospective trials are needed to confirm not only
whether the treatment of symptomatic incident de-
lirium in critically ill adults with haloperidol improves
mortality but also whether it improves ICU survivor-
ship. Nondelirium-related mechanisms for any potential
haloperidol benefits also need to be clearly elucidated.
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