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ABSTRACT

BACKGROUND
There are conflicting data on the effects of antipsychotic medications on delirium in
patients in the intensive care unit (ICU).

METHODS

In a randomized, double-blind, placebo-controlled trial, we assigned patients with acute
respiratory failure or shock and hypoactive or hyperactive delirium to receive intravenous
boluses of haloperidol (maximum dose, 20 mg daily), ziprasidone (maximum dose, 40 mg
daily), or placebo. The volume and dose of a trial drug or placebo was halved or doubled
at 12-hour intervals on the basis of the presence or absence of delirium, as detected with
the use of the Confusion Assessment Method for the ICU, and of side effects of the inter-
vention. The primary end point was the number of days alive without delirium or coma
during the 14-day intervention period. Secondary end points included 30-day and 90-day
survival, time to freedom from mechanical ventilation, and time to ICU and hospital
discharge. Safety end points included extrapyramidal symptoms and excessive sedation.

RESULTS
Written informed consent was obtained from 1183 patients or their authorized representa-
tives. Delirium developed in 566 patients (48%), of whom 89% had hypoactive delirium
and 11% had hyperactive delirium. Of the 566 patients, 184 were randomly assigned
to receive placebo, 192 to receive haloperidol, and 190 to receive ziprasidone. The median
duration of exposure to a trial drug or placebo was 4 days (interquartile range, 3 to 7). The
median number of days alive without delirium or coma was 8.5 (95% confidence interval
[CI], 5.6 t0 9.9) in the placebo group, 7.9 (95% CI, 4.4 to 9.0) in the haloperidol group, and
8.7 (95% CI, 5.9 to 10.0) in the ziprasidone group (P=0.26 for overall effect across trial
groups). The use of haloperidol or ziprasidone, as compared with placebo, had no sig-
nificant effect on the primary end point (odds ratios, 0.88 [95% CI, 0.64 to 1.21] and 1.04
[95% CI, 0.73 to 1.48], respectively). There were no significant between-group differences
with respect to the secondary end points or the frequency of extrapyramidal symptoms.

CONCLUSIONS
The use of haloperidol or ziprasidone, as compared with placebo, in patients with acute
respiratory failure or shock and hypoactive or hyperactive delirium in the ICU did not
significantly alter the duration of delirium. (Funded by the National Institutes of
Health and the VA Geriatric Research Education and Clinical Center; MIND-USA
ClinicalTrials.gov number, NCT01211522.)

N ENGL ) MED NEJM.ORG

The New England Journal of Medicine

Copyright © 2018 Massachusetts Medical Society. All rights reserved.

The authors’ full names, academic de-
grees, and affiliations are listed in the
Appendix. Address reprint requests to Dr.
Ely at the Critical Illness, Brain Dysfunc-
tion, and Survivorship (CIBS) Center at
Vanderbilt University, 2525 West End
Ave., Suite 450, Nashville, TN 37203, or
at wes.ely@vumc.org.

*A complete list of the Modifying the
Impact of ICU-Associated Neurological
Dysfunction—-USA (MIND-USA) Inves-
tigators is provided in the Supplemen-
tary Appendix, available at NEJM.org.

This article was published on October 22,
2018, and updated on November 2, 2018,
at NEJM.org.

DOI: 10.1056/NEJM0al808217
Copyright © 2018 Massachusetts Medical Society.

Downloaded from negjm.org at TEXAS HEALTH RESOURCES on November 30, 2018. For personal use only. No other uses without permission.



The NEW ENGLAND JOURNAL of MEDICINE

ELIRIUM IS THE MOST COMMON MANI-

festation of acute brain dysfunction dur-

ing critical illness, affecting 50 to 75% of
patients who receive mechanical ventilation in an
intensive care unit (ICU).»? Patients with delirium
have higher mortality,>* longer periods of me-
chanical ventilation and hospital stays,®” higher
costs,® and a higher risk of long-term cognitive
impairment®!! than patients who do not have
delirium. Delirium also interferes with medical
care. Hyperactive delirium can lead to unplanned
removal of devices,'? whereas hypoactive delirium
prevents participation in nursing interventions,
physical therapy, and occupational therapy.!®

Haloperidol, a typical antipsychotic medica-
tion, is often used to treat hyperactive delirium
in the ICU, and surveys suggest that the drug is
also used to treat hypoactive delirium®?” despite
two small randomized trials that showed no
evidence that haloperidol results in a shorter
duration of delirium in the ICU than placebo.®
Atypical antipsychotic medications, such as olan-
zapine, quetiapine, risperidone, and ziprasidone,
are also used for this purpose, and one placebo-
controlled trial has suggested a benefit,® whereas
another' showed no evidence of benefit. There-
fore, there is conflicting information from small
trials, meta-analyses, and practice guidelines on
the management of delirium in the ICU.}*!

We conducted a multicenter, randomized,
double-blind, placebo-controlled trial to examine
the effects of haloperidol or ziprasidone on de-
lirium during critical illness. We hypothesized
that typical and atypical antipsychotic medica-
tions would result in a shorter duration of de-
lirium and coma than placebo and would im-
prove other outcomes.

METHODS

TRIAL DESIGN AND POPULATION

This randomized, double-blind, placebo-controlled,
phase 3 trial was conducted at 16 medical cen-
ters in the United States. Before we randomly
assigned the patients to receive a trial drug or
placebo, we obtained written informed consent
from the patients or their authorized representa-
tives. The institutional review board at each par-
ticipating center approved the protocol, available
with the full text of this article at NEJM.org. The
Food and Drug Administration approved an In-
vestigational New Drug application, which was
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obtained because the intravenous route of ad-
ministration and the indication for delirium that
were used in this trial are not approved for anti-
psychotic medications (see the Supplementary
Appendix, available at NEJM.org). The trial was
registered at ClinicalTrials.gov on September 29,
2010, before the first patient was enrolled. The
statistical analysis plan was registered at Open
Science Framework (https://osf.io/mq38r) on
March 22, 2018, before the trial-group assign-
ments were unmasked. The authors vouch for
the accuracy and completeness of the data and
for the fidelity of the trial to the protocol.

Patients who had been admitted to the par-
ticipating hospitals were eligible for inclusion if
they were 18 years of age or older and were receiv-
ing treatment in a medical or surgical ICU with
invasive or noninvasive positive pressure ventila-
tion, vasopressors, or an intraaortic balloon pump,
and they were eligible for random assignment to
a trial group if they had delirium. We excluded
patients who, at baseline, had severe cognitive
impairment, as determined by medical record
review and the short form of the Informant
Questionnaire on Cognitive Decline in the Elderly
(IQCODE; scores range from 1.0 to 5.0, with
higher scores indicating more severe cognitive
impairment [a score of >4.5 resulted in exclusion
because of severe dementia])??; were at high risk
for medication side effects because of pregnancy,
breast-feeding, a history of torsades de pointes,
QT prolongation, a history of neuroleptic malig-
nant syndrome, or allergy to haloperidol or zipras-
idone; were receiving ongoing treatment with an
antipsychotic medication; were in a moribund
state; had rapidly resolving organ failure; were
blind, deaf, or unable to speak or understand
English; were incarcerated; or were enrolled in
another study or trial that prohibited coenroll-
ment. Details of the inclusion and exclusion crite-
ria are provided in the Supplementary Appendix.
Noncomatose patients were excluded if informed
consent could not be obtained within 72 hours
after inclusion criteria had been met, and co-
matose patients were excluded if informed con-
sent could not be obtained within 120 hours
after inclusion criteria had been met.

TRIAL-GROUP ASSIGNMENT

To minimize the time between the onset of de-
lirium and randomization, we obtained informed
consent, when possible, before the onset of de-
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lirium; delirium was detected with the use of
the Confusion Assessment Method for the ICU
(CAM-ICU),B2* a validated tool that identifies
delirium on the basis of an acute change or fluc-
tuating course of mental status plus inattention
and either altered level of consciousness or dis-
organized thinking. If delirium was not present
at the time that informed consent was obtained,
trained research personnel evaluated patients
twice daily until delirium was present or until
death, discharge from the ICU, development of
an exclusion criterion, or a maximum of 5 days.

When delirium was present at the time of
informed consent or during the 5 days after in-
formed consent was obtained and the corrected
QT interval was less than 550 msec on a 12-lead
electrocardiogram (see the Supplementary Ap-
pendix), we randomly assigned the patients, in
a 1:1:1 ratio, to receive placebo, haloperidol, or
ziprasidone using a computer-generated, permuted-
block randomization scheme, with stratification
according to trial site. The research personnel,
managing clinicians, patients, and their families
were not aware of the trial-group assignments.

The trial drugs or placebo were administered
intravenously with the use of colorless prepara-
tions delivered in identical bags. Immediately
after the trial-group assignment, the first dose
of a trial drug or placebo was administered:
patients younger than 70 years of age received
0.5 ml of placebo (0.9% saline) or 2.5 mg of
haloperidol per 0.5 ml or 5 mg of ziprasidone
per 0.5 ml, whereas those who were 70 years of
age or older received 0.25 ml of placebo or 1.25 mg
of haloperidol per 0.25 ml or 2.5 mg of ziprasi-
done per 0.25 ml. Subsequent doses were admin-
istered every 12 hours at approximately 10 a.m.
and 10 p.m. Research personnel doubled the
volume and dose of the trial drug or placebo if
a patient had delirium, was not yet receiving the
maximum dose, and had not met criteria that
required the trial drug or placebo to be with-
held. Patients in the haloperidol group received
a dose of up to 10 mg per administration and up
to 20 mg per day, and those in the ziprasidone
group received a dose of up to 20 mg per admin-
istration and up to 40 mg per day.

We halved the volume and dose of a trial drug
or placebo if a patient did not have delirium (i.e.,
had a negative CAM-ICU assessment) for two
consecutive assessments and was not yet receiv-
ing the minimum dose. We temporarily withheld
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a trial drug or placebo if a patient did not have
delirium for four consecutive assessments or for
safety reasons. We permanently discontinued a
trial drug or placebo when any of the following
occurred: torsades de pointes, neuroleptic malig-
nant syndrome, drug reaction with eosinophilia
and systemic symptoms syndrome, new-onset
coma due to structural brain disease, or any life-
threatening, serious adverse event that was re-
lated to the intervention, as determined by an
independent data and safety monitoring board.
We discontinued a trial drug or placebo after the
14-day intervention period or at ICU discharge,
whichever occurred first.

To evaluate the efficacy and to guide volume
and dose adjustments of trial drug or placebo,
patients were assessed twice daily while they
were receiving the intervention by trained re-
search personnel using the CAM-ICU*** and the
Richmond Agitation—Sedation Scale (RASS),>~¢
a validated, 10-level scale that rates the level of
consciousness from unresponsive to physical
stimuli (score of —5) to combative (score of +4).
We considered any day during which at least one
CAM-ICU assessment was positive to be a day
with delirium; a positive assessment was consid-
ered to indicate hyperactive delirium if the RASS
score was higher than 0 and hypoactive delirium
if the RASS score was 0 or lower.”

During the period when the patients were
receiving a trial drug or placebo and for 4 days
after discontinuation, we assessed the patients
for side effects. Twice a day, before each admin-
istration of the intervention, we assessed the pa-
tients for a corrected QT prolongation of 550 msec
using telemetry and, if telemetry indicated a
corrected QT prolongation of 550 msec, we used
12-lead electrocardiography. Once daily, we as-
sessed extrapyramidal symptoms using a modi-
fied Simpson—-Angus Scale, a 5-item scale on
which each item is scored from 0 to 4, with
higher scores indicating worse extrapyramidal
symptoms?; akathisia using a 10-point visual-
analogue scale; and dystonia using a standard-
ized definition.’®

Treating clinicians were educated about the
“ABCDE” treatment bundle (assess, prevent, and
manage pain; both spontaneous awakening and
breathing trials; choice of analgesia and sedation;
assess, prevent, and manage delirium; and early
mobility and exercise) and were encouraged to
perform the treatment bundle to mitigate delirium
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among the patients in the ICU.?** Throughout
the trial, we monitored its use and recorded ad-
herence to each component of the bundle daily
among the patients for whom informed consent
was obtained.

END POINTS

The primary end point was days alive without
delirium or coma (defined as the number of days
that a patient was alive and free from both de-
lirium and coma during the 14-day intervention
period). Secondary efficacy end points included
duration of delirium, time to freedom from me-
chanical ventilation (defined as extubation that
was followed by at least a 48-hour period during
which the patient was alive and free from me-
chanical ventilation), time to final successful
ICU discharge (defined as the last ICU discharge
during the index hospitalization that was fol-
lowed by at least a 48-hour period during which
the patient was alive and outside the ICU), time
to ICU readmission, time to successful hospital
discharge (defined as discharge that was followed
by at least a 48-hour period during which the
patient was alive and outside the hospital), and
30-day and 90-day survival. Safety end points in-
cluded the incidence of torsades de pointes and
neuroleptic malignant syndrome and the severity
of extrapyramidal symptoms, as measured on the
modified Simpson—-Angus Scale.

STATISTICAL ANALYSIS

Descriptions of sample-size calculations and
statistical methods are included in the Supple-
mentary Appendix. We sought to randomly as-
sign 561 patients (187 per trial group), which
would provide the trial with at least 80% power
to detect a 2-day difference between groups in
days alive without delirium or coma, at a two-
sided significance level of 2.5% (after Bonferroni
adjustment for two pairwise comparisons).

We analyzed all data using an intention-to-
treat approach and compared the effects of halo-
peridol, ziprasidone, and placebo with respect to
the primary end point using the Kruskal-Wallis
test in unadjusted analyses and proportional-
odds logistic regression in adjusted analyses. The
primary analysis was performed with the use of
an adjusted proportional-odds logistic-regression
model that examined the effects of an interven-
tion on days alive without delirium or coma,
with a two-sided significance level of 2.5% to
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account for two pairwise comparisons, which
were to be analyzed only if the P value for the
overall effect across trial groups was significant.
There was no plan for adjustment for multiple
comparisons of secondary end points, and those
results are reported without P values as point
estimates with 95% confidence intervals that have
not been adjusted for multiple comparisons. A
total of 300 of 6100 (5%) potential assessments
for delirium or coma were missing; we imputed
these individual assessments using polytomous
logistic regression that included multiple covari-
ates. After calculating days alive without delirium
or coma, we then used complete case analysis for
all outcomes (see the Supplementary Appendix).
We collected and managed data using REDCap
electronic data-capture tools and used R soft-
ware, version 3.4.4,>* for data management and
statistical analyses. R code is available through
Open Science Framework (https://osf.io/mq38r).

RESULTS

PATIENTS

From December 2011 through August 2017, we
screened 20,914 patients, of whom 16,306 (78%)
met one or more exclusion criteria (Fig. 1). Of
the remaining 4608 patients, 3425 (74%) patients
or their authorized representatives declined to
participate, and 1183 (26%) consented to be as-
sessed further to determine whether they met eli-
gibility criteria. Among those, 46 (4%) met exclu-
sion criteria, and 571 (48%) never had delirium
before ICU discharge, leaving 566 patients (48%)
who had delirium and met the criteria for ran-
dom assignment to a trial group. At the time of
randomization, 89% of the patients had hypoac-
tive delirium, and 11% had hyperactive delirium.
There were no significant differences in baseline
characteristics between the trial groups (Table 1).

INTERVENTIONS AND CONCURRENT SEDATING
MEDICATIONS

The duration and number of doses of a trial
drug or placebo received by the patients during
the 14-day intervention period were similar in
the three groups (Table S1 in the Supplementary
Appendix). All but two patients received at least
one dose of a trial drug or placebo. The median
duration of exposure to a trial drug or placebo
was 4 days (interquartile range, 3 to 7), and the
mean (+SD) daily doses of haloperidol and
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20,914 Patients were assessed for eligibility

19,731 Were excluded immediately
4552 Had severe dementia or neuro-
degenerative disease
3425 Declined to participate or had a surrogate
decline
3364 Had no surrogate available
2507 Were moribund
1847 Were receiving antipsychotic agents or lithium
1476 Had long QT interval or history of torsades
de pointes
1258 Were blind, deaf, or unable to understand
English
840 Had a physician decline participation
453 Were enrolled in another study
414 Were prisoners
197 Had an allergy or history of neuroleptic
malignant syndrome
145 Were pregnant or breast-feeding
89 Had other reason

1183 Provided written informed consent or had
a surrogate who provided informed consent

571 Were ineligible
257 Did not have delirium within 5 days after consent
246 Did not have delirium before ICU discharge
68 Did not have delirium before death
46 Were excluded
24 Had severe dementia or neurodegenerative
disease
9 Were moribund
8 Had long QT interval or history of torsades
de pointes
7 Were receiving antipsychotic agents or lithium
5 Had other reason

566 Underwent randomization

184 Were assigned to placebo 192 Were assigned to haloperidol and 190 Were assigned to ziprasidone
183 Received =1 dose received =1 dose 189 Received =1 dose
1 Did not receive any doses 1 Did not receive any doses
179 Completed protocol 189 Completed protocol 183 Completed protocol
5 Withdrew from trial 3 Withdrew from trial 7 Withdrew from trial

Figure 1. Screening, Randomization, Follow-up, and Analysis.

The numbers of patients excluded for each criterion sum to more than the total excluded because some patients
met more than one exclusion criterion. ICU denotes intensive care unit.

ziprasidone administered were 11.0+4.8 mg and tary Appendix); the frequency of withholding an
20.0+9.4 mg, respectively. intervention did not differ significantly between

Approximately half the patients had a trial the trial groups. A trial drug or placebo was
drug or placebo temporarily withheld at least permanently discontinued at a similar frequency
once during the trial (Table S2 in the Supplemen- and for similar reasons in the three trial groups.
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Table 1. Baseline Characteristics of the Trial Population.*
Placebo Haloperidol Ziprasidone

Characteristic (N=184) (N=192) (N=190)
Median age (IQR) — yr 59 (52-67) 61 (51-69) 61 (50-69)
Female sex — no. (%) 77 (42) 84 (44) 82 (43)
Race —no. (%)

White 153 (83) 163 (85) 151 (79)

Black 26 (14) 23 (12) 27 (14)

Multiple races or other race 5(3) 6 (3) 12 (6)
Median short-form IQCODE score (IQR)i: 3.1 (3.0-3.3) 3.0 (3.0-3.2) 3.1 (3.0-3.3)
Median Charlson Comorbidity Index score (IQR)§ 2 (1-4) 2 (1-3) 2 (1-4)
Received antipsychotic treatment — no. (%)

Before admission 6 (3) 8 (4) 11 (6)

Between admission and randomization 18 (10) 20 (10) 22 (12)
Hyperactive delirium at randomization — no. (%) 22 (12) 19 (10) 16 (8)
Hypoactive delirium at randomization — no. (%) 161 (88) 172 (90) 172 (91)
Diagnosis at admission — no. (%)

Adult respiratory distress syndrome 39 (21) 44 (23) 35 (18)

Sepsis 35 (19) 43 (22) 33 (17)

Airway protection 53 (29) 46 (24) 44 (23)

Chronic obstructive pulmonary disease, asthma, or other 23 (12) 20 (10) 28 (15)

pulmonary disorder

Surgery 13 (7) 13 (7) 23 (12)

Chronic heart failure, myocardial infarction, or arrhythmia 6 (3) 6 (3) 6 (3)

Cirrhosis or liver failure 6 (3) 3(2) 3(2)

Seizures or neurologic disease 1(1) 4(2) 1(1)

Other 8 (4) 13 (7) 17 (9)
Admitted to surgical ICU — no. (%) 52 (28) 51 (27) 55 (29)
Median APACHE Il score at ICU admission (IQR) 30 (24-34) 28.5 (23-34) 28 (23-34)
Median SOFA score at randomization (IQR)| 11 (8-14) 11 (8-13) 10 (8-13)
Received assisted ventilation before randomization — no. (%)

Invasive 170 (92) 178 (93) 180 (95)

Noninvasive 5(3) 7 (4) 5(3)
Shock before randomization — no. (%)** 65 (35) 58 (30) 64 (34)
Median no. of days from ICU admission to randomization (IQR) 2.2 (1.4-3.4) 2.4 (1.5-3.4) 2.5 (1.5-3.4)

There were no significant differences in baseline characteristics between the trial groups. ICU denotes intensive care
unit, and IQR interquartile range. Percentages may not total to 100 because of rounding.

Race was reported by the patients or determined by the treating physicians.

The short-form Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) was used to determine pre-
existing dementia; scores range from 1.0 to 5.0, with higher scores indicating more severe cognitive impairment.
Scores on the Charlson Comorbidity Index range from 0 to 33, with higher scores indicating a higher risk of death
from a coexisting illness.

The Acute Physiology and Chronic Health Evaluation (APACHE) Il is a prediction tool for death and measures severity
of disease in the ICU; scores range from 0 to 71, with higher scores indicating greater severity of illness.

The Sequential Organ Failure Assessment (SOFA) is a tool to track organ failure in the ICU; scores range from 0 to 24,
with higher scores indicating greater severity of illness.

** Shock was defined as treatment of hypotension with vasopressors or an intraaortic balloon pump.
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A total of 118 patients (21%) received an

. . .. . A Days Alive without Delirium or Coma
open-label antipsychotic medication during the 4

trial; the frequency of use and doses adminis- Ziprasidone

tered were similar in the three trial groups (Table

S1 in the Supplementary Appendix). The median

. . . Haloperidol °®

cumulative dose of a nontrial, open-label anti-

psychotic medication in haloperidol equivalents

was 5 mg (interquartile range, 2 to 12) over a Placebo ®

median of 2 days (interquartile range, 1 to 5). ; ; ; ; ; ; .
0 2 4 6 8 10 12 14

Approximately 90% of patients received one or

more doses of analgesics or sedatives, and the Adjusted Median Days (95% CI)

duration of exposure to these agents was similar

in the three trial groups (Table S3 in the Supple- B Days with Delirium

mentary Appendix). The daily rate of adherence o

to each of the five components of the ABCDE Ziprasidone T

bundle was greater than 88% in all three trial

groups (see the Supplementary Appendix). Haloperidol -

EFFICACY END POINTS Placebo ——

The adjusted median number of days alive with- : : : : : : .

out delirium or coma was 8.5 (95% CI, 5.6 to 9.9) 0 2 4 6 8 10 12 14
in the placebo group, as compared with 7.9 (95% Adjusted Median Days (95% Cl)

Cl, 4.4 to 9.6) in the haloperidol group and 8.7
(95% CI, 5.9 to 10.0) in the ziprasidone group
(Fig. 2). The P value for the overall effect across
trial groups was 0.26, and therefore, as prespeci-
fied in the protocol, no P values were calculated
for pairwise comparisons. In adjusted and unad-
justed analyses of the active trial-drug groups, as
compared with the placebo group, the 95%
confidence intervals for the odds ratios included : : : : : : .
unity for days with delirium and for days with 0 2 4 6 8 10 12 14
coma during the 14-day intervention period Adjusted Median Days (95% Cl)

C Days with Coma

Ziprasidone -—

Haloperidol -—

Placebo -o—

(Fig. 2 and Table 2). In analyses of 30-day and
90-day survival as well as time to freedom from
mechanical ventilation, ICU discharge, ICU re-
admission, and hospital discharge, the 95% con-
fidence intervals for the hazard ratios of the ef-
fects of haloperidol and ziprasidone, as compared
with placebo, included unity (Table 2 and Fig. 3;
and see the Supplementary Appendix).

The results regarding the heterogeneity of

Figure 2. Effects of Haloperidol, Ziprasidone, and Placebo on Days Alive
without Delirium or Coma, Days with Delirium, and Days with Coma.

In analyses that were adjusted for age, preexisting cognitive impairment,
Clinical Frailty Score and Charlson Comorbidity Index score at baseline,
and modified Sequential Organ Failure Assessment score and Richmond
Agitation—Sedation Scale score at randomization, there were no significant
differences between the trial groups with respect to the primary end point
(days alive without delirium or coma) and with respect to the secondary
end points of mental status (durations of delirium and coma).

effect across interventions are available in the
Supplementary Appendix. The effects of anti-
psychotic medications on durations of delirium,
coma, and hypoactive delirium, as well as on
90-day survival, differed according to age, but
the trial may not have been adequately powered

fects of antipsychotic medications on outcomes
of mental status.

SAFETY END POINTS

to draw conclusions about these subgroups. There
were no significant interactions between the
severity of illness at randomization and the ef-
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The frequency of excessive sedation, the most
common safety end point, did not differ signifi-
cantly between the trial groups (Table S2 in the
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Table 2. Efficacy End Points.*
Placebo Haloperidol Ziprasidone

End Point (N=184) (N=192) (N=190)
Days alive without delirium or coma

Unadjusted median no. of days (IQR) 7 (0-11) 8 (0-11) 8 (2-11)

Adjusted odds ratio (95% Cl) Reference 0.88 (0.64-1.21) 1.04 (0.73-1.48)
Days with delirium

Unadjusted median no. of days (IQR) 4 (2-8) 4 (2-7) 4 (2-6)

Adjusted odds ratio (95% Cl) Reference 1.12 (0.86-1.46) 1.02 (0.69-1.51)
Days with hyperactive delirium

Unadjusted median no. of days (IQR) 0 (0-1) 0 (0-1) 0 (0-1)

Adjusted odds ratio (95% Cl) Reference 1.18 (0.86-1.61) 1.09 (0.70-1.70)
Days with hypoactive delirium

Unadjusted median no. of days (IQR) 3 (2-8) 4 (2-6) 3 (2-6)

Adjusted odds ratio Reference 1.10 (0.81-1.48) 1.00 (0.68-1.47)
Days with coma

Unadjusted median no. of days (IQR) 1(0-2) 1(0-2) 1(0-3)

Adjusted odds ratio (95% Cl) Reference 1.01 (0.74-1.39) 1.11 (0.77-1.61)
Days to freedom from mechanical ventilation

Unadjusted median no. of days (IQR) 3 (1-5) 2 (1-6) 3 (2-5)

Adjusted hazard ratio (95% Cl) Reference 0.92 (0.71-1.19) 0.96 (0.74-1.25)
Days to ICU discharge

Unadjusted median no. of days (IQR) 5 (3-14) 5(3-13) 6 (3-10)

Adjusted hazard ratio (95% Cl) Reference 0.95 (0.81-1.12) 1.02 (0.88-1.17)
ICU readmission

Unadjusted no. of patients (%) 23 (12) 27 (14) 18 (9)

Adjusted hazard ratio (95% Cl) Reference 1.13 (0.62-2.09) 0.73 (0.49-1.10)
Days to hospital discharge

Unadjusted median no. of days (IQR) 13 (8-23) 13 (8-22) 12 (8-21)

Adjusted hazard ratio Reference 1.03 (0.85-1.23) 1.05 (0.88-1.25)
Death at 30 days

Unadjusted no. of patients (%) 50 (27) 50 (26) 53 (28)

Adjusted hazard ratio (95% Cl) Reference 1.03 (0.73-1.46) 1.07 (0.77-1.47)
Death at 90 days

Unadjusted no. of patients (%) 63 (34) 73 (38) 65 (34)

Adjusted hazard ratio (95% Cl) Reference 1.17 (0.99-1.40) 1.02 (0.79-1.30)

%

* The P value for the overall effect across groups was 0.26; therefore, no pairwise P values were calculated. All time-to-
event results are reported for the patients who had the outcome of interest. Results were not adjusted for multiple
comparisons of secondary end points but were adjusted for age, baseline Charlson Comorbidity Index score, baseline
Clinical Frailty Score, baseline cognitive impairment (as determined according to the short form of the IQCODE), modi-
fied SOFA score at randomization, and Richmond Agitation—-Sedation Scale score at randomization.
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Supplementary Appendix). Prolongation of the
corrected QT interval was more common in the
ziprasidone group than in the haloperidol group
or placebo group. Torsades de pointes developed
in two patients in the haloperidol group during
the intervention period, but neither patient had
received haloperidol during the 4 days immedi-
ately preceding the arrhythmia. One patient in the
haloperidol group had the trial drug withheld
because of suspected neuroleptic malignant syn-
drome, but this diagnosis was subsequently ruled
out. Three patients (one in each group) had a
trial drug or placebo withheld because of extra-
pyramidal symptoms, and one patient in the
haloperidol group had the trial drug withheld
specifically because of dystonia.

DISCUSSION

For more than 40 years, intravenous antipsychotic
medications have been used to treat delirium in
hospitalized patients.’®*% In an international sur-
vey of 1521 intensivists, 65% reported that they
treat delirium in the ICU with haloperidol and
53% reported that they treat delirium with
atypical antipsychotic medications.’ In this dou-
ble-blind, randomized, placebo-controlled trial
of intravenous antipsychotic medications for the
treatment of delirium in the ICU, there was no
evidence that either haloperidol or ziprasidone
led to a shorter duration of delirium and coma.
Patients who received treatment with up to 20 mg
of haloperidol per day or up to 40 mg of zipra-
sidone per day and those who received placebo
had similar outcomes, including survival and
lengths of stay in the ICU and hospital.

The results of our trial were similar to those
of two earlier placebo-controlled trials that ex-
amined haloperidol for delirium in smaller num-
bers of patients in the ICU. In the Modifying the
Incidence of Delirium (MIND) trial,’® 101 patients
receiving mechanical ventilation in the ICU were
randomly assigned to receive enteral haloperidol,
ziprasidone, or placebo; the results showed no
significant differences in days alive without de-
lirium or coma. In the Haloperidol Effectiveness
in ICU Delirium (Hope-ICU) trial,® 142 patients
receiving mechanical ventilation in the ICU were
randomly assigned to receive intravenous halo-
peridol or placebo; the results also showed no
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Haloperidol 192 (0) 149 (42) 141 (50) 129 (62) 126 (65) 124 (67) 118 (73)
Placebo 184 (0) 143 (39) 132 (50) 123 (59) 119 (63) 119 (63) 119 (63)

Figure 3. Effects of Haloperidol, Ziprasidone, and Placebo on 90-Day Survival.
Shown are Kaplan—Meier curves of the probability of survival. In analyses
that were adjusted for age, preexisting cognitive impairment, Clinical Frailty
Score and Charlson Comorbidity Index score at baseline, and modified Se-
quential Organ Failure Assessment score and Richmond Agitation-Seda-
tion Scale score at randomization, there were no significant differences in
90-day survival between the trial groups. Results have not been adjusted for
multiple comparisons. The shading indicates the 95% confidence intervals.

effect on days alive without delirium or coma,
although there were fewer days with agitated
delirium in patients who received haloperidol.
One possible reason that we found no evidence
that the use of haloperidol or ziprasidone re-
sulted in a fewer days with delirium or coma
than placebo is that the mechanism of brain
dysfunction that is considered to be targeted by
antipsychotic medications — increased dopamine
signaling — may not play a major role in the
pathogenesis of delirium during critical illness.
Another possible reason is that heterogeneous
mechanisms may be responsible for delirium in
critically ill patients. Sedation with y-amino-
butyric acid agonists, for example, is a common
risk factor for delirium during critical illness.*
In the current trial, approximately 90% of the
patients received one or more doses of sedatives
or analgesics, and the doses of sedatives and off-
trial antipsychotic medications and the durations
of exposures to those agents were similar in all
trial groups. Most patients in the trial had hypo-
active delirium, which made it difficult to esti-
mate the effect of antipsychotic medications on
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hyperactive delirium. Nevertheless, the delirium-
assessment tool that was used to determine the
trial outcomes takes into account integrated
aspects of the delirium syndrome and supports
the conclusion that the trial drugs had no ef-
fect on the duration of delirium as compared with
placebo.

Strengths of this trial include a large sample
size, broad inclusion criteria to enhance general-
izability, delivery of the trial drug or placebo in
a double-blinded fashion, and use of validated
instruments administered by trained personnel.
Limitations of this investigation should also be
considered. The possibility of an effect size of
less than a 2-day difference in days alive without
delirium or coma cannot be excluded, because the
trial was powered to detect a 2-day difference
between groups with respect to the primary end
point. We studied two specific antipsychotic
medications, and our results do not exclude the
possibility that other antipsychotic medications
could reduce the duration of delirium.*® We did
not limit our enrollment to a homogeneous group
of patients who had delirium in the ICU, and our
findings allow for the possibility that some pa-
tients (e.g., nonintubated patients with hyperac-
tive delirium describing delusions and hallucina-
tions, those with alcohol withdrawal, or those

with another delirium phenotype®) may benefit
from antipsychotic treatment. The 20-mg dose
of haloperidol that we used in the trial is consid-
ered to be high,***® and yet we cannot exclude a
potential benefit from higher doses.* In keeping
with the literature on haloperidol use,* which
indicates that a dose of haloperidol higher than
25 mg per day has a deleterious effect on cogni-
tion, we chose a dose that would avoid these
adverse effects. Finally, although this trial was
powered to detect clinically meaningful between-
group differences with respect to the primary end
point, it lacked sufficient power to assess whether
haloperidol and ziprasidone would significantly
increase the risk of infrequent complications such
as torsades de pointes.*

In conclusion, in this large, double-blind, ran-
domized, placebo-controlled trial, we found no
evidence that the use of haloperidol (up to 20 mg
daily) or ziprasidone (up 40 mg daily) had an ef-
fect on the duration of delirium among patients
with acute respiratory failure or shock in the ICU.
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with the full text of this article at NEJM.org.
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