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Abstract

Purpose:

Whether dexmedetomidine improves the control of hyperactive delirium in non-intubated
intensive care unit (ICU) patients as compared with placebo remains uncertain.

Methods:

In a multicenter, double-blind, placebo-controlled, two-arm, investigator-initiated,
randomized trial conducted in 9 ICUs, we randomly assigned non-intubated critically ill
adults with hyperactive delirium to receive continuous intravenous infusion of
dexmedetomidine or placebo for at least 36 h. The primary outcome was a joint modelling of
multiple outcomes of agitation duration (score of + 1 or higher on the Richmond agitation-
sedation scale), delirium duration, or the need for intubation and deep sedation. Key
secondary outcomes included the occurrence of complications (such as bradycardia or
hypotension), length of stay in ICU, or death.

Results:

Enrollment occurred from December 2017 to February 2022. Final follow-up was in February
2023. The study was stopped for efficacy at the time of the preplanned interim analysis.
Among the 151 patients who were included in the final analysis, the between-group difference
in the primary outcome was statistically significant (median difference, -30 points; 95% ClI, -
49 to - 12, p = 0.001). Agitation duration was shorter in the dexmedetomidine group (1.0 (1.0-
2.0) vs 2.0 (1.0-7.0) hours, absolute difference 95% CI - 1.0 (- 2.0 to - 0.1); ES, - 0.60; 95%
Cl, -0.92 to -0.27, p = 0.001). Other key secondary outcomes were similar between groups.

Conclusion:

In non-intubated adult ICU patients with hyperactive delirium, the use of dexmedetomidine
was associated with a greater clinical benefit than placebo for the joint modelling of multiple
endpoints of agitation control, delirium resolution, and intubation with mechanical ventilation.
Dexmedetomidine appears to be a valuable alternative that significantly reduced the median
duration of agitation by approximately 1 h compared to placebo in hyperactive delirious non-
intubated intensive care unit patients.

Trial registration:

ClinicalTrial.gov Identifier: NCT03317067. Registration on October 17th, 2017 prior to first
patient inclusion. https://clinicaltrials.gov/search?term=NCT03317067 .


http://clinicaltrials.gov/show/NCT03317067

Dexmedetomidine use to treat hyperactive delirium in non-intu-
bated intensive care unit patients remains unknown. In this rand-
omized clinical trial that included 151 adults, dexmedetomidine was
significantly assodated with a greater clinical benefit than placebo
for the joint modelling of multiple composite endpoints of agitation
control, delirium resolution, or intubation with mechanical ventila-
tion. Dexmedetomnidine appears to be a valuable alternative that
significantly reduced the median duration of agitation by approxi-
mately 1 hour compared to placebo to treat hyperactive delirious
non-intubated intensive care unit patients.

Introduction

Delirium is an acute syndromic brain dysfunction characterized by alterations in
consciousness, attention, and cognition caused by a variety of medical conditions rather than a
specific underlying neurocognitive disorder [1]. This condition affects 30-50% of intensive
care unit (ICU) patients and is associated with increased mortality, ICU and hospital length of
stay, healthcare-associated costs, and the development of long-term cognitive impairment [2].
Delirium presents in various motoric subtypes, primarily hyperactive, hypoactive, and mixed
[3]. Hyperactive delirium, characterized by agitation, restlessness, and emotional lability,
poses significant management challenges, often requiring pharmacological intervention due to
patient safety concerns and interference with essential care [3]. In contrast, hypoactive
delirium, marked by lethargy and reduced motor activity, is associated with a worse prognosis
and has no specific pharmacological treatment [4]. Prevention of delirium is a main focus of
the guidelines for the prevention and management of pain, agitation/sedation, delirium,
immobility, and sleep disruption in adult patients in the ICU [5], as a part of the so-called A2F
bundle [6]. Apart from prevention, little is known about the pharmacological treatment of
hyperactive delirium. Early sedation with dexmedetomidine increases the number of delirium-
free or coma-free days compared with usual care (mainly propofol) [7]. However, in
mechanically ventilated patients treated with light sedation, there was no difference in
outcomes between dexmedetomidine and propofol infusions [8]. While antipsychotics like
haloperidol are often considered for symptomatic management of agitation [9] and of
delirium, whatever the phenotype (hypo- or hyperactive), their use is associated with limited
effectiveness and requires careful consideration of side effects [10, 11]. Dexmedetomidine,
with its unique pharmacological profile, providing conscious sedation and anxiolysis with
minimal respiratory depression, has emerged as an alternative, particularly in hyperactive
delirium [12, 13]. Non-intubated ICU patients bear the burden of intubation in the event of
sedation escalation related to agitation control. Dexmedetomidine is a highly selective a2-
agonist that provides sedation and anxiolysis that is not associated with significant respiratory
depression. In a non-randomized trial published nearly a decade ago, Carrasco et al. compared
dexmedetomidine versus haloperidol for the treatment of hyperactive delirium in non-
intubated ICU patients [14]. In this trial, agitated delirious patients were first allocated to
receive haloperidol and then, if inactive (as defined by persistent agitation), continuous
dexmedetomidine infusion (or the maintenance of haloperidol). These authors found an
improved control of agitation, time under satisfactory intensive care delirium screening



checklist (ICDSC score < 4 points) [15], and reduced need for additional medications and
noninvasive ventilation due to over-sedation. ICU length of stay and healthcare-associated
costs were improved in the dexmedetomidine group, with an encouraging safety profile. The
lack of double-blinding, randomization, and inclusion in the event of haloperidol inelIcacy
makes the results encouraging but requires confirmation. Recent research, including ongoing
trials [16], continues to explore the role of dexmedetomidine in managing delirium in non-
intubated ICU patients, aiming to provide further clarity on its e(icacy and safety profile in
this specific population.

Given the limited evidence for a benefit of dexmedetomidine administration in hyperactive
delirious non-intubated ICU patients, we conducted a randomized trial in which patients were
allocated to receive dexmedetomidine or placebo. Our hypothesis was that dexmedetomidine
would improve a joint modelling of multiple outcomes that included agitation control,
delirium resolution, and mechanical ventilation compared to placebo.

Methods

Trial oversight

The study was an investigator-initiated, prospective, two-arm, multicenter, double-blind,
placebo-controlled, randomized trial conducted at 9 French centers aimed at evaluating the
efficacy of dexmedetomidine versus placebo in non-intubated ICU patients with hyperactive
delirium. The trial protocol used at all centers was approved by a central ethics committee and
has been previously published [17].

Participants

Patients who had been admitted to a participating ICU were eligible for enrollment if they
were 18 years of age or older, were not receiving invasive mechanical ventilation, had a
Richmond agitation sedation scale (RASS) score [18] of + 1 or higher, and had received a
positive result on the screening test for delirium according to the Confusion Assessment
Method for the ICU (CAM-ICU) [19]. We excluded patients who were extubated or required
pressure support ventilation via tracheostomy in the previous 24 h, or had received
dexmedetomidine and/ or haloperidol in the previous 72 h. Written informed consent for
enrollment or for the continuation and use of data was obtained from each patient or from a
legal representative. A complete list of inclusion and exclusion criteria is provided in
Supplementary Appendix.

Randomization and blinding

Participants were randomly assigned 1:1 to receive dexmedetomidine or placebo via a web-
based system. To ensure the blinding of study drug administration, opaque reinforced
envelopes were available, identified by a unique number, each containing a study drug vial
(Figure S1). Study drug preparation was performed in a dedicated, secured preparation area
within the participating ICUs by a nurse and/or a physician independent of the study protocol
and not responsible for the enrolled patient to ensure double-blinding. Further details are
provided in the Supplementary Appendix.



Trial procedures

Enrolled patients were assigned to receive either intravenous dexmedetomidine infusion
starting at a dose of 0.2 to 0.5 ug.kg—1.h—1 or placebo (0.9% sodium saline). Study
medication was adjusted by the bedside nurses or clinicians between 0.2 and 1.4 ug.kg—1.h—1
depending on agitation control, targeting a RASS score of 0 or — 1. Continuous infusion was
maintained for at least 36 h after the resolution of delirium (that means after 4 consecutive
negative CAM-ICU), or until the patient was discharged from the ICU. After enrollment and
randomization, patients presenting with a RASS > + 2 immediately received an intravenous
bolus of haloperidol (2.5 mg) to promptly protect the patient from self-harm [20], while the
introduction of the study drug infusion occurred. If the study medications were insullcient to
control agitation beyond the maximum doses, new boluses of haloperidol were repeated (with
a maximum daily dose of 30 mg). If maximum doses were reached, the use of open-label
rescue medications was left to the discretion of the treating physician (promoting clorazepate)
and was documented. Illustration of study interventions is presented in Figure S2.

Trial outcomes

The primary outcome was a joint modelling of multiple outcomes of duration of agitation (in
hours, defined by a RASS > + 1) or duration of delirium (in days, defined by the time to reach
a negative score on the CAM-ICU), or the use of intubation with deep sedation and
mechanical ventilation. Joint modelling of multiple outcomes was proposed to illustrate the
stepwise care involved in the management of hyperactive delirious non-intubated 1CU
patients. Control of agitation and delirium might necessitate the use of several sedatives (other
than dexmedetomidine), whose accumulation might precipitate respiratory depression and
eventually require mechanical ventilation. Secondary outcomes were the individual
components of the joint modelling of multiple primary outcomes; number of ventilator-free
and/or delirium-free days at day 30; length of ICU stay; all-cause mortality at day 7 and day
30; occurrence of septicemia and pneumonia; delirium recurrence and related use of
dexmedetomidine; use of open-label rescue medications during the first 30 days; adverse
respiratory, neurological, or cardiovascular events. Additional secondary outcomes are
detailed in Supplementary Appendix.

Statistical analysis

The sample size estimation was based on O’Brien’s work concerning composite endpoints
[21]. Treatment groups were compared with respect to the average z-score of the primary
efficacy outcome. Based on available data from the literature in non-intubated ICU patients
regarding the duration of agitation [14, 22], the duration of delirium [2, 22, 23] and the
proportion of delirious patients requiring deep sedation with mechanical ventilation [24], 110
patients per group were required for a type | error of 0.018 (correction due to multiple
components of the composite outcome) and 90% power. Finally, it was decided to include
150 patients per group to account for potential protocol deviations and losses to follow up. As
the sample size estimation was based on a composite criterion for which each of the expected
effect sizes associated with each component could be re-evaluated, and considering that the
correlation between the components is unknown, it seemed reasonable and relevant to
perform an interim analysis after the inclusion of 150 patients. An independent data safety



monitoring board was scheduled in case of safety issues between trial groups. The stopping
rule for trial discontinuation was a difference between the randomization groups considered
statistically significant with a type | error of 0.01 (Kim-DeMets correction). Accordingly, the
study promoter and steering committee reviewed the results of the interim analysis and
recommended trial discontinuation. Details are provided in Supplementary Appendix.

All the analyses were performed by the study statistician according to a prede(ined statistical
analysis plan. Statistical analyses were performed using Stata software and R software. A
two-tailed p-value of less than 0.05 was considered to indicate statistical significance (except
for the primary outcome in the interim analysis). An intention-to-treat analysis was considered
for the primary analysis. Secondarily, a per-protocol analysis was also considered, including
all randomized patients except those having one or more major protocol violations defined as
trial inclusion and exclusion criteria (Supplementary Appendix). For the primary outcome, the
comparison between groups was analyzed using the Mann-Whitney test. The difference
between randomization groups is considered statistically significant for a type | error at 0.01
(Kim-DeMets correction), taking into account pre-planned interim analysis and the primary
outcome based on a composite criterion. The primary endpoint was defined as a composite
score of the duration of agitation (in hours), de(Jned by a RASS > + 1; duration of delirium
(in days), defined by a positive CAM-ICU; and requirement of intubation and mechanical
ventilation related to deep sedation to control delirium. As aforementioned, the primary
endpoint was calculated as suggested by O’Brien: weighted summation of single endpoints
with standard procedures leads to asymptotically normal statistics. Continuous (RASS delay
and CAM-ICU delay) and dichotomous (intubation) variables were converted to z-scores by
subtracting an individual’s value from the overall mean and dividing by the standard deviation
of the pooled group. The z-scores were then aligned to the same direction so that worse
outcomes have smaller scores. The z-scores were then averaged across endpoints for each
patient and rescaled by a factor of 100. Treatment groups were compared with respect to this
average z-score. The higher the value of the primary endpoint, the more unfavorable it was.
Speci The attention was given to the magnitude of differences (i.e., effect sizes) and clinical
relevance. When appropriate, the results were expressed using Hedge’s effect sizes (ESs) and
95% Cls and were interpreted according to the recommendations of Cohen, who defined the
ES bounds as small (ES = 0.2), medium (ES = 0.5), and large (ES = 0.8). The analysis of the
primary outcome was then completed by multivariable analysis using a linear mixed model
taking into account covariates determined according to univariate results and clinical
relevance in addition to center as a random effect. Results were expressed as regression
coefficients with 95% confidence intervals. Prespecified subgroup analyses were performed to
examine the influence of each component, examining the interaction of randomization group
X subgroup in regression models. Categorical parameters were analyzed using Chi2 or
Fisher’s exact test in univariable analysis. Secondary outcomes were pre-specified but
intended for exploratory analysis. No formal adjustments for multiple comparisons were
applied, as these analyses were considered hypothesis-generating rather than confirmatory.
Finally, a sensitivity analysis was performed, and the nature of missing data was studied
(missing at random or not) to propose the most appropriate approach to the imputation.
Additional details on the statistical methods are provided in the Supplementary Appendix.



Results

Study discontinuation

Recruitment was stopped prematurely after the preplanned interim analysis, when 168
participants had been recruited. A statistician performed safety and composite primary
outcome analyses, while trial data were masked to the trial investigators. The decision to stop
recruitment was supported by the promoter and trial steering committee. The trial was stopped
for efficace.

I's =

344 Patients with delirium (CAM-ICU positive), agitated (RASS » 0) and
not on invasive mechanical ventilation were assessed for eligibility

~—m

Did not undergo inclusion
n=176

« 34 Received dexmedetomidine or haloperidol in previous 72h l

« 23 Had contraindication to dexmedetomidine :
« 4 Had contraindication to haloperidol i
« 49 Had neuro-psychiatric conditions :
« 8Wera < 18 yoars old H
« 28 Met inclusion criteria during off hours :
« 26 Other causes H
1

1

]

1

]

]

]

/

Underwent randomization
n=168

o 19 Were scheduled to leave the ICU
0 2 Were not French speaking
o 2 Presented with withdrawal of care

o 1 Was monbund

Assigned to receive dexmedetomidme Assigned w mawn placebo » 1 Had no healthcare insurance
\\ v 1 Required intutation ’
_______________________________
7 Withdrew consent | 10 Withdrew consent
Included in ITT analysis Included in ITT analysis
n=77 n=74
3 Were CAM-ICU negative 3 Were CAM-ICU negative or had chronic alcohol
or RASS < #1 at inclusion consumption or not French speaking
Assigned in PP analysis Assigned in PP analysis
n=74 n=71

Fig. 1 Screenir of Patients. Non-intubated adults with agitated delirium who had been admitted to an intensive
care unit screening. A total of 17 patients hdrawn after randomization becau y Wi
consent by a smcgzte dc—:x n maker or once competent and able to give de , even after receipt of study medications, as stated
law. Four participants did not meet inclusion criteria, and 2 presented with ion criteria and were not included in per-protocol ana
data on the primary outcome was missing, but data on vital status at 30 days were not av. J|| able for 5 patients (3 in dexmedetomidine g

up and 2

in placebo group). CAM-ICU denctes confusion assessment method for the ICU, ICU intensive care unit, [TT intention-to-treat, PP per-protocel and
RASS Richmond agitation sedation scale
\ ~
Participants

Patients were enrolled at 9 centers between December 2017 and February 2022. A total of 344
patients were screened, of whom 168 were enrolled in the study (Fig. 1). Primary endpoint
data were available for all patients. At the time of the preplanned interim analysis, a total of
17 patients (7 in the dexmedetomidine group and 10 in the placebo group) were excluded after
randomization and 151 patients were included in the intention-to-treat analysis (77 in the
dexmedetomidine group and 74 in the placebo group), and 145 in the perprotocol analysis (74
in the dexmedetomidine group and 71 in the placebo group) (Fig. 1). The baseline
characteristics of the patients were well balanced between the two groups (Table 1 and Tables
S1 to S4, Figure S3). Intervention and additional treatments During the intervention period,
patients in the dexmedetomidine group received a median daily dose of 0.32 (interquartile
range, 0.20 to 0.53) pg.kg ~.h™* of dexmedetomidine for a median duration of 4 (2 to 5) days,
and patients in the placebo group received a median daily dose equivalent of 0.46
(interquartile range, 0.30 to 0.60) pg.kg ~.h™* for a median duration of 4 (3 to 5) days (Table
2). Fewer patients allocated to dexmedetomidine received haloperidol (30 (40.5%) vs 18
(23.4%), absolute difference 95% CI — 17 (— 32 to — 3), relative risk 95% CI 0.58 (0.35 to



0.94), p = 0.03, Table 2), with equivalent doses administered on inclusion day (5 (3 to 5) vs 5
(3 to 5) mg). Fewer patients allocated to dexmedetomidine required additional open-label
rescue medication on inclusion day [13 (16.9%) vs 24 (32.4%)], absolute difference 95% CI —
15.5 (— 29.1 to — 2.0), effect size 95% CI — 0.36 (— 0.68 to — 0.04), p = 0.03, Table 2). Open-
label rescue medications were administered in 45 (58.4%) patients in the dexmedetomidine
group and 60 (81.1%) patients in the placebo group (absolute difference 95% CI -23 (-37 to -
8), relative risk 95% CI 0.72 (0.58 to 0.90), p = 0.003, Table 3) during the first 30 days.

Outcomes

Joint modelling of multiple primary outcomes was significantly improved in the
dexmedetomidine group (median difference, — 30.9 points; 95% CI, — 49.4 to — 12.4; ES, -
0.46; 95% CI, — 0.78 to — 0.12, p = 0.001) (Table 3 and Fig. 2). Agitation duration was
shorter in the dexmedetomidine group (1.0 (1.0-2.0) vs 2.0 (1.0— 7.0) hours, absolute
difference 95% CI — 1.0 (— 2.0 to — 0.1); ES, — 0.60; 95% CI, — 0.92 to — 0.27, p = 0.001).
There was no between-group difference in the median time to reach a negative CAM-I1CU
score (0.83 [interquartile range, 0.50 to 1.29] days in the dexmedetomidine group and 0.98
[interquartile range, 0.50 to 1.71] days in the placebo group; absolute difference, — 0.17 [95%
Cl, — 0.36 to 0.13]; ES, — 0.09 [95% CI, — 0.41 to 0.23], p = 0.38) and in the number of
patients requiring intubation (2 [2.6%] patients in the dexmedetomidine group and 3 [4.1%)]
patients in the placebo group; absolute difference, — 1.5 [95% CI, — 7.2 to 4.3]; ES, — 0.08;
95% CI, — 0.40 to 0.24, relative risk, 0.64 [95% CI, 0.11 to 3.75], p = 0.62). Pre-planned
sensitivity analysis of the primary outcome adjusted for patient age was significant for
patients aged 65 years or older (treatment effect, — 35 [95% CI, — 60 to 10], p = 0.01) but for
patients younger than 65 years (treatment effect, — 13 [95% CI, — 51 to — 25], p = 0.12)
(Table S6). Multivariable analysis yielded similar results (mean difference, — 26 [95% CI, —
44 to — 9], p = 0.003) (Table S9). Effect sizes for primary endpoints are presented in Figure
S4. Characteristics of the per-protocol cohort are presented in Table S7 and are similar to the
intention-to- treat cohort. [Je primary outcome was significant in the per-protocol analysis
(median difference, — 27 points; 95% CI, — 46 to — 8, p = 0.001) (Table S8).

At 30 days, 10 of 74 patients (13.5%) in the dexmedetomidine group and 13 of 72 patients
(18.1%) in the placebo group had died (absolute difference, —5 [95% CI, —16 to 7]; relative
risk 0.75 [95% ClI, 0.35 to 1.60], p = 0.46) (Table 3 and Figure S5).

Adverse events
The number of patients with adverse events was similar in the two groups (Table 3, and

Tables S12a and S12b). Clinically significant events requiring treatment were similar between
groups (Table 3, Table S16, and Figures S6 to S8).



Table 1 Demographic and clinical characteristics of the patients at baseline

Median age (IQR) - years 72 (54-77) 63 (63-77)
Female sex 18(24) 14 (18}
Median body-mass indesx (1QR) - kgm™ 260 (234-298) 275(243-323)
Coexisting conditions
Cardiovascular
Hypertension 38(51) 29 (38)
Dyslipidemia 10(14) 12(16)
Arteriopathy 10 (14} 1013}
Chronic cardiac failure 1{1) 79
Arhythmia 12(16) 15(19)
Ischemic cardicpathy 12016} 18(23)
Pulmenary
COPD 151(20) 21127)
Chronic respiratory insufficiency 3(4) 3(4)
Metabolic
Diabetes 20(27) 20(26)
Chronic kidney injury 13 (18} 1418}
Intoxication
Alcohol abuse 11(15) 111(14)
Tobacco 12 (26) 22(29)
Dirugs abuse 3(4) 0
Neurclogy
Cognitive impairment & 3(4) 2(3)
Mild 203) 101}
Moderate 1(1) 1(1)
Meurovascular disease 6(8) 709
Epilepsy 3(4) 2(3)
Chronic liver disease (cirrhosis) 6 (8) 6 (8)
Malignancy
Metastatic neoplasia 41(5) 304
Hematology 7010) 10(13)
Median time from haspital admission to randomization (10R)—days 6(3to14) 7(3t015)
Median time from I1CU admission to randomization (QR) — days 5(21t09) 4(2t010)
Adrnission type
Medical 46 (62) 42 (55)
Elective surgery 15 (20 17 (22}
Urgent surgery 13(18) 18 (23)
Median SAPS 2 (IQR) § 40 (32 to 48) 38 (2910 48)
Median predictad in-hospital mortality (QR) - percentage § 247 (1281041 5) 213(@.7t0415)
Deliriurn phenotype at randomization *
Hypowic 31 (42) 27 (35)
Septic 40 (54) 47 (61}
Sedation 24 (32) 19 (25)
Metabolic 13(18) 17 (22}
Unclassified 11 {15} 11 {14}
Median RASS score (IQR)" 10 t02) 1(1to2)

# Data are presentad as median and 25th - 75th percentiles {interguartile range) or number (percentage). Characteristics listed are available baseline data for patiants
in the two groups who did not withdraw consent. There were no significant differences in baseline characteristics between the trizl groups. Additional baseline
characteristics are listed in Table 51 to 54 in the Supplemantary Appendix. No data was missing for patients at baseline

& Cognitive impairment was measurad using Mini Mental 5tate Examination tool [40]. Scores above 27 were considered to characterize a normal cognitive function,
between 27 and 20 a mildly impaired cognitive function and between 11 and 20 a moderately impaired function

5 The Simplified Acute Physiclogy Score (SAPS) 1l is a prediction tool for death and measures severity of disease in the 1CL; scores range from 0 to 163, with higher
scores indicating a greater severity of illness [41]

$ The pradicted in-hospital mortality was calculated with the use of tha SAPS Il, on which scores range from 0 to 163 (comesponding with a range of predicted
in-hospital mortality of 0 to 100%) [41]

t Delirium phenotypes have been described by Girard et al[2] Several phenotypes might be identified in the same patient

" The Richmond Agitation and Sedation Scale (RASS) is a tool to assess depth of sedation on a scale of — 5 to + 4, with negative values denoting increased sedation
and positive values denoting increasaed agitation [18]

COPD denotes chronic obstructive pulmonary disease, KU intensive care unit, IQR interquartile range, RASS Richmond agitation sedation scale and SAPS simplified
acute physiclogy score



Discussion

In this multicenter, randomized trial involving non-intubated adult ICU patients with
hyperactive delirium, in accordance with our hypothesis, we found that dexmedetomidine
reduced a joint modelling of multiple outcomes of duration of agitation or delirium or
intubation with deep sedation and mechanical ventilation over a placebo. Moreover, the
incidence of adverse event rates requiring treatments was similar, even in pre-specilled
subgroups according to age above or below 65 years old [7].

Our results suggest that dexmedetomidine allows for improved control of agitation in non-
intubated hyperactive delirious ICU patients, and reduces the need for additional psychotropic
agents to control psychomotor agitation. These findings add to those published by Carrasco et
al. [14] which found that dexmedetomidine allowed for better control of agitation and reduced
the use of mechanical ventilation when compared to haloperidol. As a selective alpha-2
agonist, dexmedetomidine provides sedation and anxiolysis (thus addressing agitation)
without necessarily resolving the underlying brain dysfunction that is delirium [3]. Agitation
might be a symptom of delirium [3, 9], and its control does not always equate to delirium
resolution. The impact of haloperidol administration at the start of dexmedetomidine infusion
raises questions. Post-hoc analyses suggest that agitation control was much longer in the
placebo group that received haloperidol, despite a slightly higher RASS score at inclusion
(see Tables S17 to S19 in the Supplementary Appendix). These results support the superiority
of dexmedetomidine over placebo and haloperidol. They are also consistent with the
previously reported inefficacy of haloperidol treatment in approximately 30% of cases, as
documented by Carrasco [14] and Dumont [25].

Table 2 Use of dexmedetomidine or placebo, and open-label rescue medication on inclusion day in the ICU after rand-

omization
Median duration of trial intervention (IQR)}—days 4(3-5) 4(2-5) OF1tol) 031
Median daily dose (IQR)—pakg "h™" 046 (030-060) 032(020-053) — 013 (- 024 to— 0.03) 0.03
Median cumulative dose (IQR}—milligrams * 1.7{1.2tc 2.4) 1.2 (06-24) —05(-09tc—0.1) 0.02
Use of open-label rescue medication on inclusion day &
Number of patients requiring haloperidol 30 (40.5) 18(23.4) —17{-32t0-3) 0.03
Median haloperidol dose (QR)—milligrams (30/18) * 513-5) 5 (3 to 5) 00 to 0) 0.38
MNumber of patients requiring other open-label rescue medication 24 (32.4) 13(165) —16(-29to—2) 0.03

? Data are presented as median and 25th-75th percentiles (interquartile range) or number (percentage). Results are expressed for the dexmedetomidine group as
compared with the placebo group using relative risks (95% CI) for binary and categorical outcomes and with median differences (95% Cl) for continuous outcomes

* The median daily infusion rate (in micrograms per kilogram per hour} and the median cumulative dosa (in milligrams during trial drug administration)

were calculated as the cumulative infusion rate received divided by the total number of days that the patient received dexmedetomidine or placebo; and the
cumulative dose received during the total number of days that the patient received dexmedetomidine or placebo, respectively. Doses for placebo are presented as
dexmedetomidine-equivalents

5 Patients could receive more than one rescue medication on the same day. Rescue medication was defined as the use of any psychotropic agent to treat
uncontrollable agitation, insomnia or delirium (e.g. haloperidel or other psychotropic drugs such as propofol, benzodiazepines or any antipsychotic drug)

t Figures depict the number of patients that received haloperidol on inclusion day according to randomization group
(I denctes confidence interval, ICU intensive care unit and IR interquartile range
P-values < 0.05 are provided in bold

Recruitment was stopped before the planned sample size was reached, due to the absence of
safety issues and statistical significance of joint modelling of multiple primary outcomes.
Using type | error correction and a statistical significance of 0.01, the trial was considered
adequately powered to detect a 0.5 effect-size difference between groups for the primary
outcome. The decision to stop enrollment was made by the investigators and the sponsor, who



were unaware of the study groups. The absence of a difference in safety outcomes obviated
the need to convene a data safety monitoring board.

Table 3 Clinical outcomes and adverse events

Primary cutcome 1 30(—=23410513) —268(-45410102) Fscor—309{-494t0—124)  0.001
Effect-size: — 0.46 [ 0.78 to — 0.13]
Separate itemns
Median delay to RASS < 1 (IQR—hours 20010t 70) 1.0(1.0to020) —10(—20to—0.1) 0.001

Z—score:— 543 (— 982to0 — 103)

Effect-size: — 0.60 [ 0.92 to — 0.27]
Median delay to negative CAM-ICU (IOR—days 10{05t017) 08 (05t013) —01{—03to01) 038

Z-score:— 25.1 {(~ 69510 194)

Effect-size: — 0.09 [— 0.41 to 023]
Intubation—nao. (3&) 3{4.1) 2(25) —15(-72t043) 062

L-score:— 8.1 (— 405 to 24.3)

Effect-size: — 0.08 [— 0.40 to 024]

Secondary outcomes £

Median days alive without delirium or mechanical ventila- 4 (2-6) 4(2-6) D(=1tal) 051

tion (IQR)

Median days alive without delirium (IQR) &1(4-9) 6(3-9) 0f—1tol) 075

Median days alive without mechanical ventilation (IQR) 6(3-7 71(2-13) 1{=1tos) 038

Median length of ICU stay (IOR)—days 12 (8-19) 13 (7-21) 1{(—3to5) 077

Msdian length of ICU stay post-randomization (QR)— 6(4to10) 613-12) 0(—2to2) 050

ys

All— cause mortality at day 7—no. / total no. (%) 5 (a8) 6(7.8) 1{—7to9) 081

All— cause mortality at day 30—no./ total no. (%) & 13/72018.1) 10474 (135) —50-161t07) 046

Septicemia—no. %) 4(54) 6(7.8) 2(—5tc10) 056

Preumonia—no. (%) 14 (18.9) 1001300 —6(-181t06) 033

Delirium recurrerme—no.[%]s 7(95) 13(1649) 7(—3t018) 019

Medizn number of delirium recurrence (IQR) 101 to 2) (/7) 1(1ta2}(/13) 0(—2t02) 073

Open-label dexmedetomidine use during recurrence— 4/7(57.1) 713 (539) — 23— 4910 42) 089

no. ()

Median duration of open label dexmedsetomidine usein 9 (3-15) (¥4) 3(2to5) (7 —5(=15t03) 034

case of deliriumn recurrence (IQR)—days
Safety &

Median number of days with use of open-label rescue 2(1-5) 2(1to8) 0(—1tal) 073

medication (60/45) (10R)

Use of open-label rescue medication during first &0(81.1) 45 (58.4) —23(—37to—8) 0.003

30 days—no. (%)

Benzodiazepines—no. (3) 23(53.0) 23(67.7) 18— 4 to 39) o
Hydroxyzine—no. (%) 25(54.4) 15 (44.1) —10(—32t012) 038
Haloperidol—no. (3) 41(55.4) 33429 —13(—28t03) 013
MNeurcleptics—no. (38) 46(62.2) 34 [44.2) —18(—3to—2) 0.03

Adverse Events *
Se(%ri?)us adverse event in ICU related to treatment—no. 0 (00} 0 (0.0 NE NE
Serious adverse event in ICU non-related to treatment— 37 (36.5) 26(338) —3(-18to13) 073
no. (%)
Hypotension
Murnber of patients with at least 1 episode—no. (%) 41(554) 52 (67.5) 12 (— 310 28) 013
Number of patients requiring treatment—noJ/total no. (%)  25/74 (33.8) 34/77 (44.2) 10 (— 5 to 26) 020
Days with at least cne event reguiring treatment during 39/71(54.9) 69/103 (67.0) 12 (— 310 27) 030
study drug administration—nou/total no. (36)
Bradycardia
Murmber of patients with at least 1 episode—no. (%) 36(48.7 37 (48.1) 0(—17to 15) 0.94
Number of patients requiring treatment—noJ/total no. (%) 2/74 (2.7) Y77 (39) 1{—41ta7) 069
Days with at least cne event requiring treatment during 2/538(35) 1/55 (1.7} — 2= 7tod4) 056
study drug administration—noutotal no. (%)
Ary other cardiovasoular event
MNumber of patients with at least 1 episode—no. (3) 4(54) 8(104) S5(—4to14) 027
MNumber of days with at least one event—noJ/total no. (%) 5/58 (86) 23/103 (223) 14 (3 to 25) 0.05
Days with at least cne event during study drug adminis- 1/5 (20.0) 423 (17.4) — 31— 41 to38) 089

tration—nics/total no. (39)

# Data are presentod as median and 25th - 75th percentiles (interguartile range) or number (percentage). Results are expressed for the dexmedetomidine group as
comipared with the placebo group using madian differences (95% Cl) for continuous outcomes. The absolute difference is given in percentage points for categorical
outcomes. Confidence intervals for differences between groups for secondary cutcomes are not adjusted for multiple comparisons of secondary outcomes and
cannot be usad to infer treatment effects




* Difference between randomization groups is considered statistically significant for a type | error at 0.01 (Kim-DeMets correction), taking into account pre-planned
interim analysis and primary outcome based on 3 compasite criterion. The primary endpaint was defined as a composite score of duration of agitation (in hours),
defined by a RASS = +1; duration of delirium (in days), defined by a positive CAMACU; and requirement of intubation and mechanical ventilation related to deep
sedation to control delirium. As aforementicned, the primary endpoint was calculated as suggested by O'Brien: weighted summation of single endpoints with
standard procedures leads to asymptotically normal statistics. Continuous (RASS delay and CAM-ICU delay) and dichotomous (intubation) variables were converted to
z-scores by subtracting an individual's value from the overall mean and dividing by the standard-deviation of the pooled group. The z-scores were then aligned to the
same direction so that worse outcomes have smaller scores. The z-scores were then averaged across endpoints for each patient. Compaosite Z-scores were multiplied
by a factor of 100 to improve readability. Treatment groups were compared with respect to this average z-score. The higher the value of the primary endpoint, the
more unfavorable it was. Groups were also compared using Hedge's effect-sizes (ESs) and 95% Cls and were interpreted according to the recommendations of Cohen,
who defined the ES bounds as small (ES= 0.2), medium (ES= 0.5), 2nd large (ES=0.8). Further details are provided in Figure 54 (Supplementary Appendix)

£ Secondary outcomes are censored at day 30

& Safaty description of the use of open-label rescue medication during first 30 days include data on inclusion day (D). Further details are provided in Table 55
(Supplementary Appendix)

5 Three patients in dexmedetomidine group and 2 patients in placebo group were lost of sight 2t 30 days
€ Delirium recurrence was defined as 2 CAM-ICU positive result after initial delirium resolution (i.e. 4 consecutive CAM-ICU) during ICU stay
% Further details on adverse events are proposed in Supplementary Appendix

° Cardiovascular events include the occurrence of any rhythm disorder and/or myocardial ischemia and/or tachycardia and/or hypertension and/or prolonged
comected OTc interval on the electrocardiogram

CAM-ICU denotes confusion assessment method for the ICU, €l confidence interval, ICU intensive care unit, IQR interquartile range and RASS Richmond agitation
sadation scale

P-values < 0,05 are provided in bold
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Fig. 2 Frequency Distribution of Primary Dutcorme and [tems of the Primary Outcome. The bars represent the frequency distribution of z-scores of
each item of primary outcome and of primary cutcome. The higher the frequency at low values, the lower the delay to normalize RASS (in hours)
and CAM-ICU {in days) (panel A and B, respectively), and the maore favorable primary compaosite endpoint in each group (panel D). Panel C repre-
sents percentages of intubation during study (2 (26%) and 3 (4.1%), in dexmedetomidine and placebo groups, respectively). The primary endpoint
was defined as a composite score of duration of agitation (in hours), defined by a RAS5 > + 1, duration of delirium (in days), defined by the time to
reach a negative score on the CAM-ICU), or the use of intubation with deep sedation and mechanical ventilation. As aforementicned, the primary
endpoint was calculated as suggested by O'Brien: weighted summation of single endpoints with standard procedures leads to asymptotically
narmal statistics. Continuous (RASS delay and CAMHICU delay) and dichotomous (intubation) variables were converted to z-scores by subtracting
an individual's value from the overall mean and dividing by the standard-deviation of the pooled group. The z-scores were then aligned to the same
direction so that worse outcomes have smaller scores. The z-scores were then averaged across endpoints for each patient. Treatment groups were
compared with respect to this average z-score. The higher the value of the primary endpoint, the more unfavorable it was. CAM-ICU denotes confu-
sion assessment method for the ICU, KU intensive care unit and RASS Richmond agitation sedation scale

This study has many strengths. First, to our knowledge and to date, this is the only
randomized trial evaluating the effect of dexmedetomidine in non-intubated ICU patients with
hyperactive delirium. Second, the study design includes a double-blind, placebo-controlled
fashion, a relatively large sample size, and a high level of data completeness. The protocol
and statistical analysis plan were published before the last patient underwent randomization
[17]. Third, the primary outcome was clinically relevant and patient-centered. Fourth, we used
a single validated tool (CAM-ICU) to homogenize delirium diagnosis. Fifth, the population
included in the present study represents critical ICU patients for whom control of delirium-
related agitation remains difficult to manage because the addition of sedatives may
compromise respiratory status. Sixth, the generalizability of results relies on the relatively



frequent encounter of this typology of patients for whom control of agitation might overcome
delirium. The study design allowed for the initial administration of haloperidol to control
delirium-associated agitation (without reducing delirium-free days) [10, 20] and the additional
use of rescue medications so that clinical staff could safely manage patients with hyperactive
delirium and maintain routine practices. Therefore, the rapid addition of dexmedetomidine
might limit in-hospital and post-discharge antipsychotic prescribing [26].

Finally, all data were fully monitored at participating sites by dedicated researchers unaware
of group allocation. This study has several limitations. First, the trial was stopped early as
advised by the steering committee and the promotor after the pre-planned interim analysis
[27, 28]. This can lead to an overestimation of the treatment effect because early signs of
benefit often appear larger than the actual effect that would be observed in a fully completed
trial [27, 29]. It can also restrict the ability to fully assess less frequent or long-term adverse
events, with a complete safety profile of dexmedetomidine remaining unclear. Furthermore, it
can raise concerns about the interpretation of the clinical significance of the findings (e.g. the
limited reduction in agitation duration (approximately 1 h), while being statistically
significant, has debatable clinical meaningfulness. Second, the primary endpoint was a joint
modelling of multiple outcomes of duration of agitation or delirium, or intubation with deep
sedation and mechanical ventilation, which could challenge the interpretation of the results
[30], but all items showed similar trends. Third, the difference in joint modelling of multiple
primary outcomes was driven by a significant reduction in median delay to control agitation
of about 1 h, but there was no effect on delirium duration and intubation in the study
population. This small reduction in agitation duration may be beneficial in some scenarios,
such as enabling essential procedures or limiting the removal of crucial devices, while
recognizing that it may not fundamentally alter patient trajectory in some other cases. [le
main benefit of improved control of agitation may be the impact on nursing workload [31-34]
and therefore patients’ outcomes [35]. Moreover, additional post-hoc analyses showed that a
substantial subset of patients experienced prolonged agitation in the placebo group whereas it
resolved more quickly and more consistently in the dexmedetomidine group. Complementary
threshold-based analyses (dichotomizing the delay to RASS < 1 at multiple time points)
revealed that the risk of persistent agitation beyond 3, 5, 8, or even 15 h was significantly
higher in the placebo group, with relative risks ranging from 2 to over 9 (Figure S9). These
findings support the idea that the benefit of dexmedetomidine is not limited to a median effect
but is particularly relevant for preventing prolonged and potentially harmful agitation in a
subgroup of patients. Fourth, the uneven number of patients enrolled at inclusion sites may
limit the generalizability of the findings despite the absence of a center effect as demonstrated
by multivariable analysis (Table S9). Fifth, the low enrollment rate may be related, in part, to
the low incidence of hyperactive delirium in non-intubated ICU patients in including centers
with expected high adherence to the A2F bundle, which remains unreported [5, 6]. Sixth,
inflection of enrollment rate may be due to dexmedetomidine overuse during and after the
COVID-19 pandemic [36] and non-inclusion criteria of the present study (absence of
dexmedetomidine or haloperidol in the previous 72 h). The study has focused on a very
specific patient population: non-intubated, agitated, and delirious ICU patients. This narrow
focus is a strength for internal validity but questions generalizability. Application of results to
populations under invasive mechanical ventilation or presenting with hypoactive or mixed
delirium motor subtype remains unknown. Eighth, the administration of haloperidol and of
open-label rescue medications are potential confounders, despite being intended to represent
the real-life management of agitated ICU patients. However, the dexmedetomidine group
required fewer rescue medications, suggesting improvements in the management of non-
intubated, agitated, and delirious ICU patients (Tables 2 and 3). Further post-hoc analyses



indicated that dexmedetomidine was superior to placebo and haloperidol (Figure S9 and
Tables S17 to S19). However, definitive exclusion of confounding elJects would require a
new randomized clinical trial with a different design. Ninth, while being numerically more
frequent in the dexmedetomidine group, adverse events exploratory outcomes did not reach
statistical significance, and thus must be interpreted with caution. Tenth, despite rigorous
physical blinding procedures, clinical side effects such as bradycardia and/or hypotension
might have compromised blinding. Eleventh, no long-term outcomes have been explored in
the present study. Twelfth, the use of an alternative delirium screening tool, such as the
ICDSC [15] or the subjective bedside assessment by clinicians [37] (not recommended) might
have led to different results. Finally, given the multiple secondary outcomes analyzed, we
acknowledge the potential for false positive findings.

These results should therefore be interpreted with caution and validated in independent
studies before drawing firm conclusions. Our secondary outcomes were prespecified but
intended for exploratory analysis, rather than definitive hypothesis testing. As such, we did
not apply formal adjustments for multiple comparisons, in line with established
recommendations for secondary and hypothesis-generating analyses [38, 39]. While these
findings provide valuable insights, they should be interpreted with caution and considered
hypothesis-generating, requiring confirmation in future studies, including diverse populations
with a wider range of patients, and comparing dexmedetomidine to other standard
medications for agitation and delirium.

Conclusions

Among non-intubated patients with hyperactive delirium in the ICU, the administration of
dexmedetomidine was associated with a greater clinical benefit than placebo for the joint
modelling of multiple endpoints of duration of agitation or delirium, or intubation with deep
sedation and mechanical ventilation. Dexmedetomidine appears to be a valuable alternative
that significantly reduced the median duration of agitation by approximately 1 h compared to
placebo in hyperactive delirious non-intubated ICU patients. Present findings are hypothesis-
generating and require validation by additional trials.

Acknowledgements

Members of the 4D study group: Mona Assefi, Russell Chabanne, Marc Garnier, Antoine
Rouget, Bertrand Souweine, Juliette Piot L’Emeillet, Mathilde Lapeyre, Manon Thourot-
Robert, and Lise Bernard Mona Assefi, MD. Assistance Publiqgue—Hoépitaux de Paris
(AP—HP), Département Anesthésie Réanimation, Hopital La Pitié-Salpétriere, Paris, France.
Russell Chabanne, MD, MSc. Centre Hospitalier Universitaire (CHU) Clermont-Ferrand,
Pble de Médecine Péri-opératoire, Département Anesthésie Réanimation, Clermont-Ferrand,
France. Marc Garnier, MD, PhD. Centre Hospitalier Universitaire (CHU) Clermont-Ferrand,
Pble de Meédecine Péri-opératoire, Département Anesthésie Réanimation, Clermont-Ferrand,
France. Université Clermont-Auvergne, iGReD, INSERM, CNRS, Clermont-Ferrand,
France. Antoine Rouget, MD. Centre Hospitalier Universitaire (CHU) Toulouse, Département
Anesthésie Réanimation, Toulouse, France. Bertrand Souweine, MD, PhD. Centre



Hospitalier Universitaire (CHU) Clermont-Ferrand, Département Médecine Intensive et
Réanimation, Clermont-Ferrand, France. Juliette Piot L’Emeillet, MD. Centre Hospitalier
Universitaire (CHU) Grenoble, Département Anesthésie Réanimation, Grenoble, France.
Mathilde Lapeyre, MD, MSc. Centre Hospitalier Universitaire (CHU) Clermont-Ferrand,
P6le de Médecine Péri-opératoire, Département Anesthésie Réanimation, Clermont-Ferrand,
France. Manon Thourot-Robert, MD. Centre Hospitalier Universitaire (CHU) Dijon,
Département Anesthésie Réanimation, Dijon, France. Present affiliation: Centre Hospitalier
de Pau, Service d’Anesthésie, Pau, France. Lise Bernard, MD, PhD. Centre Hospitalier
Universitaire (CHU) Clermont-Ferrand, Département de Pharmacie, Clermont-Ferrand,
France.

Author contributions

TG, CL, and JMC designed the study. TG, CL, GP, PC, BR, NB, LB, MJ, EF, and JMC
collected data. TG, ADJ, and BP conducted statistical analyses. TG, MJ, EF, SJ, GC, and
JMC participated in manuscript writing and reviewing. All authors read and approved the
Cnal manuscript.

Funding

Funded by the French Ministry of Health. Research was approved by the French national
ethics committee (Comité de Protection des Personnes Sud-Est V, Grenoble, France) with
trial registration number 17-CHCF-02, on April 7th, 2017. The trial is registered in the
European Clinical Trials Database (eudract. ema.europa.eu, EudraCT number 2017-000731-
14). The trial was stopped for efficacy at the time of the only preplanned interim analysis.

Data availability

Deidentified data will be shared with other authenticated researchers for further research and
research publications on this topic, but only if they guarantee to preserve the confidentiality of
the information requested. Requests for data sharing will be considered by the data sharing
committee of the Clermont-Ferrand University Hospital in accordance with its data sharing

policy.

Declarations
Conflicts of interest

SJ is the Editor in Chief of Intensive Care Medicine. He has not taken part in the review or
selection process of this article. Dr. De Jong reports receiving speaker fees from Medtronic,
Sanofi, Fisher and Paykel Healthcare, Sedana Medical, Viatris, and Mindray. Dr. Couhault
reports receiving lecture fees from AOP Health. Dr. Jabaudon reports receiving lecture and
consulting fees from Abbvie and Sedana Medical. Dr. Rieu reports receiving travel fees and
honoraria from LFB Biomédicaments. Dr. Godet reports receiving lecture and consulting fees
from General Electrics Healthcare, Drager, Fisher and Paykel Healthcare, Edwards



Lifescience, AOP Health, and Aspen Pharma. Dr. Futier reports receiving consulting fees
from General Electrics Healthcare and Dréger. Dr. Jaber reports consulting fees from Dréager,
Mindray, Medtronic, Baxter, Fresenius-Xenios, and Fisher and Paykel Healthcare. Dr.
Chanques reports no conflict of interest. Dr. Constantin reports receiving lecture and
consulting fees from Sedana Medical, Baxter, General Electrics Healthcare, Drager,
Lowenstein, AOP Health, Gilead, Mindray, Shionogi, Fisher and Paykel Healthcare, Viasys,
and LFB Biomédicaments. The remaining authors have no conflicts of interest to declare.

10.

11.

References

American Psychiatric Association (2013) DSM-5 : diagnostic and statistical manual of
mental disorders. American Psychiatric Association, Washington D.C. USA

Girard TD, Thompson JL, Pandharipande PP, Brummel NE, Jackson JC, Patel MB et
al (2018) Clinical phenotypes of delirium during critical illness and severity of
subsequent long-term cognitive impairment: a prospective cohort study. Lancet Respir
Med 6:213-222. https://doi.org/10.1016/S2213-2600(18)30062-6 - DOI - PubMed -
PMC

Stollings JL, Kotfis K, Chanques G, Pun BT, Pandharipande PP, Ely EW (2021)
Delirium in critical illness: clinical manifestations, outcomes, and management.
Intensive Care Med 47:1089-1103. https://doi.org/10.1007/s00134-021-06503-1 -
DOI - PubMed - PMC

Kotfis K, Mesa P, Ely EW (2024) How to end quiet suffering in the intensive care
unit? Identifying and treating hypoactive delirium. Intensive Care Med 50:1695-1698.
https://doi.org/10.1007/s00134-024-07534-0 - DOI - PubMed

Devlin JW, Skrobik Y, Gelinas C, Needham DM, Slooter AJC, Pandharipande PP et al
(2018) Clinical practice guidelines for the prevention and management of pain,
agitation/sedation, delirium, immobility, and sleep disruption in adult patients in the
ICU. Crit Care Med 46:e825-e873. https://doi.org/10.1097/CCM.0000000000003299
- DOI - PubMed

Pun BT, Balas MC, Barnes-Daly MA, Thompson JL, Aldrich JM, Barr J et al (2019)
Caring for critically Il patients with the ABCDEF bundle: results of the ICU
liberation collaborative in over 15,000 adults. Crit Care Med 47:3-14.
https://doi.org/10.1097/CCM.0000000000003482 - DOI - PubMed - PMC

Shehabi Y, Howe BD, Bellomo R, Arabi YM, Bailey M, Bass FE et al (2019) Early
sedation with dexmedetomidine in critically Il patients. N Engl J Med 380:2506—
2517. https://doi.org/10.1056/NEJM0a1904710 - DOI - PubMed

Hughes CG, Mailloux PT, Devlin JW, Swan JT, Sanders RD, Anzueto A et al (2021)
Dexmedetomidine or propofol for sedation in mechanically ventilated adults with
sepsis. N Engl J Med 384:1424-1436. https://doi.org/10.1056/NEJM0a2024922 - DOI
- PubMed - PMC

Aubanel S, Bruiset F, Chapuis C, Chanques G, Payen JF (2020) Therapeutic options
for agitation in the intensive care unit. Anaesth Crit Care Pain Med 39:639-646.
https://doi.org/10.1016/j.accpm.2020.01.009 - DOI - PubMed

Andersen-Ranberg NC, Poulsen LM, Perner A, Wetterslev J, Estrup S, Hastbacka J et
al (2022) Haloperidol for the treatment of delirium in ICU patients. N Engl J Med
387:2425-2435. https://doi.org/10.1056/NEJM0a2211868 - DOI - PubMed

Girard TD, Exline MC, Carson SS, Hough CL, Rock P, Gong MN et al (2018)
Haloperidol and ziprasidone for treatment of delirium in critical illness. N Engl J Med
379:2506-2516. https://doi.org/10.1056/NEJM0al1808217 - DOI - PubMed - PMC


https://doi.org/10.1016/S2213-2600(18)30062-6
https://doi.org/10.1016/s2213-2600(18)30062-6
https://pubmed.ncbi.nlm.nih.gov/29508705/
https://pmc.ncbi.nlm.nih.gov/articles/6709878/
https://doi.org/10.1007/s00134-021-06503-1
https://doi.org/10.1007/s00134-021-06503-1
https://pubmed.ncbi.nlm.nih.gov/34401939/
https://pmc.ncbi.nlm.nih.gov/articles/8366492/
https://doi.org/10.1007/s00134-024-07534-0
https://doi.org/10.1007/s00134-024-07534-0
https://pubmed.ncbi.nlm.nih.gov/39037606/
https://doi.org/10.1097/CCM.0000000000003299
https://doi.org/10.1097/ccm.0000000000003299
https://pubmed.ncbi.nlm.nih.gov/30113379/
https://doi.org/10.1097/CCM.0000000000003482
https://doi.org/10.1097/ccm.0000000000003482
https://pubmed.ncbi.nlm.nih.gov/30339549/
https://pmc.ncbi.nlm.nih.gov/articles/6298815/
https://doi.org/10.1056/NEJMoa1904710
https://doi.org/10.1056/nejmoa1904710
https://pubmed.ncbi.nlm.nih.gov/31112380/
https://doi.org/10.1056/NEJMoa2024922
https://doi.org/10.1056/nejmoa2024922
https://doi.org/10.1056/nejmoa2024922
https://pubmed.ncbi.nlm.nih.gov/33528922/
https://pmc.ncbi.nlm.nih.gov/articles/8162695/
https://doi.org/10.1016/j.accpm.2020.01.009
https://doi.org/10.1016/j.accpm.2020.01.009
https://pubmed.ncbi.nlm.nih.gov/32777434/
https://doi.org/10.1056/NEJMoa2211868
https://doi.org/10.1056/nejmoa2211868
https://pubmed.ncbi.nlm.nih.gov/36286254/
https://doi.org/10.1056/NEJMoa1808217
https://doi.org/10.1056/nejmoa1808217
https://pubmed.ncbi.nlm.nih.gov/30346242/
https://pmc.ncbi.nlm.nih.gov/articles/6364999/

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Lewis K, Alshamsi F, Carayannopoulos KL, Granholm A, Piticaru J, Al Duhailib Z et
al (2022) Dexmedetomidine vs other sedatives in critically ill mechanically ventilated
adults: a systematic review and meta-analysis of randomized trials. Intensive Care
Med 48:811-840. https://doi.org/10.1007/s00134-022-06712-2 - DOI - PubMed

Reade MC, Eastwood GM, Bellomo R, Bailey M, Bersten A, Cheung B et al (2016)
Effect of dexmedetomidine added to standard care on ventilator-free time in patients
with agitated delirium: a randomized clinical trial. JAMA 315:1460-1468.
https://doi.org/10.1001/jama.2016.2707 - DOI - PubMed

Carrasco G, Baeza N, Cabre L, Portillo E, Gimeno G, Manzanedo D et al (2016)
Dexmedetomidine for the treatment of hyperactive delirium refractory to haloperidol
in nonintubated icu patients: a nonrandomized controlled trial. Crit Care Med
44:1295-1306. https://doi.org/10.1097/CCM.0000000000001622 - DOI - PubMed
Bergeron N, Dubois MJ, Dumont M, Dial S, Skrobik Y (2001) Intensive care delirium
screening checklist: evaluation of a new screening tool. Intensive Care Med 27:859—
864. https://doi.org/10.1007/s001340100909 - DOI - PubMed

Minami T, Watanabe H, Kato T, lkeda K, Ueno K, Matsuyama A et al (2023)
Dexmedetomidine versus haloperidol for sedation of non-intubated patients with
hyperactive delirium during the night in a high dependency unit: study protocol for an
open-label, parallel-group, randomized controlled trial (DEX-HD trial). BMC
Anesthesiol 23:193. https://doi.org/10.1186/s12871-023-02158-1 - DOI - PubMed -
PMC

Louis C, Godet T, Chanques G, Bourguignon N, Morand D, Pereira B et al (2018)
Effects of dexmedetomidine on delirium duration of non-intubated ICU patients (4D
trial):  study  protocol for a randomized trial.  Trials  19:307.
https://doi.org/10.1186/s13063-018-2656-x - DOI - PubMed - PMC

Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O’Neal PV, Keane KA et al (2002)
The richmond agitation-sedation scale: validity and reliability in adult intensive care
unit  patients. Am J Respir Crit Care Med  166:1338-1344.
https://doi.org/10.1164/rccm.2107138 - DOI - PubMed

Ely EW, Inouye SK, Bernard GR, Gordon S, Francis J, May L et al (2001) Delirium in
mechanically ventilated patients: validity and reliability of the confusion assessment
method for the intensive care unit (CAM-ICU). JAMA 286:2703-2710.
https://doi.org/10.1001/jama.286.21.2703 - DOI - PubMed

Smit L, Slooter AJC, Devlin JW, Trogrlic Z, Hunfeld NGM, Osse RJ et al (2023)
Efficacy of haloperidol to decrease the burden of delirium in adult critically ill
patients: the EURIDICE randomized clinical trial. Crit Care 27:413.
https://doi.org/10.1186/s13054-023-04692-3 - DOI - PubMed - PMC

O’Brien PC (1984) Procedures for comparing samples with multiple endpoints.
Biometrics 40:1079-1087 - DOI - PubMed

Liu X, Xiong J, Tang Y, Gong CC, Wang DF (2021) Role of dexmedetomidine in the
treatment of delirium in critically ill patients: a systematic review and meta-analysis.
Minerva Anestesiol 87(1):65-76. https://doi.org/10.23736/S0375-9393.20.14492-4 -
DOI - PubMed

Lewis K, Balas MC, Stollings JL, McNett M, Girard TD, Chanques G et al (2025) A
focused update to the clinical practice guidelines for the prevention and management
of pain, anxiety, agitation/sedation, delirium, immobility, and sleep disruption in adult
patients in the ICU. Crit Care Med 53:e711-727.
https://doi.org/10.1097/CCM.0000000000006574 - DOI - PubMed

Page VJ, Ely EW, Gates S, Zhao XB, Alce T, Shintani A et al (2013) Effect of
intravenous haloperidol on the duration of delirium and coma in critically ill patients


https://doi.org/10.1007/s00134-022-06712-2
https://doi.org/10.1007/s00134-022-06712-2
https://pubmed.ncbi.nlm.nih.gov/35648198/
https://doi.org/10.1001/jama.2016.2707
https://doi.org/10.1001/jama.2016.2707
https://pubmed.ncbi.nlm.nih.gov/26975647/
https://doi.org/10.1097/CCM.0000000000001622
https://doi.org/10.1097/ccm.0000000000001622
https://pubmed.ncbi.nlm.nih.gov/26925523/
https://doi.org/10.1007/s001340100909
https://doi.org/10.1007/s001340100909
https://pubmed.ncbi.nlm.nih.gov/11430542/
https://doi.org/10.1186/s12871-023-02158-1
https://doi.org/10.1186/s12871-023-02158-1
https://pubmed.ncbi.nlm.nih.gov/37270483/
https://pmc.ncbi.nlm.nih.gov/articles/10239100/
https://doi.org/10.1186/s13063-018-2656-x
https://doi.org/10.1186/s13063-018-2656-x
https://pubmed.ncbi.nlm.nih.gov/29866205/
https://pmc.ncbi.nlm.nih.gov/articles/5987410/
https://doi.org/10.1164/rccm.2107138
https://doi.org/10.1164/rccm.2107138
https://pubmed.ncbi.nlm.nih.gov/12421743/
https://doi.org/10.1001/jama.286.21.2703
https://doi.org/10.1001/jama.286.21.2703
https://pubmed.ncbi.nlm.nih.gov/11730446/
https://doi.org/10.1186/s13054-023-04692-3
https://doi.org/10.1186/s13054-023-04692-3
https://pubmed.ncbi.nlm.nih.gov/37904241/
https://pmc.ncbi.nlm.nih.gov/articles/10617114/
https://doi.org/10.2307/2531158
https://pubmed.ncbi.nlm.nih.gov/6534410/
https://doi.org/10.23736/S0375-9393.20.14492-4
https://doi.org/10.23736/s0375-9393.20.14492-4
https://pubmed.ncbi.nlm.nih.gov/33300321/
https://doi.org/10.1097/CCM.0000000000006574
https://doi.org/10.1097/ccm.0000000000006574
https://pubmed.ncbi.nlm.nih.gov/39982143/

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

(Hope-1CU): a randomised, double-blind, placebo-controlled trial. Lancet Respir Med
1:515-523. https://doi.org/10.1016/S2213-2600(13)70166-8 - DOI - PubMed - PMC
Skrobik YK, Bergeron N, Dumont M, Gottfried SB (2004) Olanzapine vs haloperidol:
treating delirium in a critical care setting. Intensive Care Med 30:444-449.
https://doi.org/10.1007/s00134-003-2117-0 - DOI - PubMed

Jaworska N, Soo A, Stelfox HT, Burry LD, Fiest KM (2023) Impacts of antipsychotic
medication prescribing practices in critically ill adult patients on health resource
utilization and new psychoactive medication prescriptions. PLoS ONE 18:e0287929.
https://doi.org/10.1371/journal.pone.0287929 - DOI - PubMed - PMC

Bassler D, Briel M, Montori VM, Lane M, Glasziou P, Zhou Q et al (2010) Stopping
randomized trials early for benefit and estimation of treatment effects: systematic
review and meta-regression analysis. JAMA 303:1180-1187.
https://doi.org/10.1001/jama.2010.310 - DOI - PubMed

Viele K, McGlothlin A, Broglio K (2016) Interpretation of clinical trials that stopped
early. JAMA 315:1646-1647. https://doi.org/10.1001/jama.2016.2628 - DOI -
PubMed

Deichmann RE, Krousel-Wood M, Breault J (2016) Bioethics in practice:
considerations for stopping a clinical trial early. Ochsner J 16:197-198 - PubMed -
PMC

Irony TZ (2017) The “utility” in composite outcome measures: measuring what is
important to patients. JAMA 318:1820-1821.
https://doi.org/10.1001/jama.2017.14001 - DOI - PubMed

Huang Y, Huang L, Xu J, Bao Y, Qu Y, Huang Y (2024) Bispectral index monitoring
effect on delirium occurrence and nursing quality improvement in post-anesthesia care
unit patients recovering from general anesthesia: a randomized controlled trial. Cureus
16:€66348. https://doi.org/10.7759/cureus.66348 - DOI - PubMed - PMC

Tingsvik C, Bexell E, Andersson AC, Henricson M (2013) Meeting the challenge:
ICU-nurses’ experiences of lightly sedated patients. Aust Crit Care 26:124-129.
https://doi.org/10.1016/j.aucc.2012.12.005 - DOI - PubMed

Everingham K, Fawcett T, Walsh T (2014) “Targeting” sedation: the lived experience
of the intensive care nurse. J Clin Nurs 23:694-703.
https://doi.org/10.1111/jocn.12058 - DOI - PubMed

Tsuyada H, Inoue S, Tsujimoto T, Ogawa T, Inada M, Kawaguchi M (2019) Impact of
nursing experience on cancellation of light sedation for mechanically ventilated
patients in a setting of 1: 2 nurse-patient ratio. Anaesthesiol Intensive Ther 51:210—
217. https://doi.org/10.5114/ait.2019.87359 - DOI - PubMed

Ross P, Howard B, llic D, Watterson J, Hodgson CL (2023) Nursing workload and
patient-focused outcomes in intensive care: A systematic review. Nurs Health Sci
25:497-515. https://doi.org/10.1111/nhs.13052 - DOI - PubMed

Payen JF, Chanques G, Futier E, Velly L, Jaber S, Constantin JM (2020) Sedation for
critically ill patients with COVID-19: Which specificities? One size does not fit all.
Anaesth Crit Care Pain Med 39:341-343. https://doi.org/10.1016/j.accpm.2020.04.010
- DOI - PubMed - PMC

Chanques G, Ely EW, Garnier O, Perrigault F, Eloi A, Carr J et al (2018) The 2014
updated version of the confusion assessment method for the intensive care unit
compared to the 5th version of the diagnostic and statistical manual of mental
disorders and other current methods used by intensivists. Ann Intensive Care 8:33.
https://doi.org/10.1186/s13613-018-0377-7 - DOI - PubMed - PMC


https://doi.org/10.1016/S2213-2600(13)70166-8
https://doi.org/10.1016/s2213-2600(13)70166-8
https://pubmed.ncbi.nlm.nih.gov/24461612/
https://pmc.ncbi.nlm.nih.gov/articles/4730945/
https://doi.org/10.1007/s00134-003-2117-0
https://doi.org/10.1007/s00134-003-2117-0
https://pubmed.ncbi.nlm.nih.gov/14685663/
https://doi.org/10.1371/journal.pone.0287929
https://doi.org/10.1371/journal.pone.0287929
https://pubmed.ncbi.nlm.nih.gov/37384760/
https://pmc.ncbi.nlm.nih.gov/articles/10310007/
https://doi.org/10.1001/jama.2010.310
https://doi.org/10.1001/jama.2010.310
https://pubmed.ncbi.nlm.nih.gov/20332404/
https://doi.org/10.1001/jama.2016.2628
https://doi.org/10.1001/jama.2016.2628
https://pubmed.ncbi.nlm.nih.gov/27092832/
https://pubmed.ncbi.nlm.nih.gov/27660563/
https://pmc.ncbi.nlm.nih.gov/articles/5024796/
https://doi.org/10.1001/jama.2017.14001
https://doi.org/10.1001/jama.2017.14001
https://pubmed.ncbi.nlm.nih.gov/29136430/
https://doi.org/10.7759/cureus.66348
https://doi.org/10.7759/cureus.66348
https://pubmed.ncbi.nlm.nih.gov/39246973/
https://pmc.ncbi.nlm.nih.gov/articles/11377963/
https://doi.org/10.1016/j.aucc.2012.12.005
https://doi.org/10.1016/j.aucc.2012.12.005
https://pubmed.ncbi.nlm.nih.gov/23369717/
https://doi.org/10.1111/jocn.12058
https://doi.org/10.1111/jocn.12058
https://pubmed.ncbi.nlm.nih.gov/23336366/
https://doi.org/10.5114/ait.2019.87359
https://doi.org/10.5114/ait.2019.87359
https://pubmed.ncbi.nlm.nih.gov/31434469/
https://doi.org/10.1111/nhs.13052
https://doi.org/10.1111/nhs.13052
https://pubmed.ncbi.nlm.nih.gov/37784243/
https://doi.org/10.1016/j.accpm.2020.04.010
https://doi.org/10.1016/j.accpm.2020.04.010
https://pubmed.ncbi.nlm.nih.gov/32360979/
https://pmc.ncbi.nlm.nih.gov/articles/7189860/
https://doi.org/10.1186/s13613-018-0377-7
https://doi.org/10.1186/s13613-018-0377-7
https://pubmed.ncbi.nlm.nih.gov/29492696/
https://pmc.ncbi.nlm.nih.gov/articles/5833335/

38.

39.

40.

41.

Bender R, Lange S (2001) Adjusting for multiple testing—when and how? J Clin
Epidemiol 54:343-349. https://doi.org/10.1016/s0895-4356(00)00314-0 - DOI -
PubMed

Moye L (2015) What can we do about exploratory analyses in clinical trials? Contemp
Clin Trials 45:302-310. https://doi.org/10.1016/j.cct.2015.09.012 - DOI - PubMed -
PMC

Folstein MF, Folstein SE, McHugh PR (1975) “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician. J Psychiatr Res
12:189-198. https://doi.org/10.1016/0022-3956(75)90026-6 - DOI - PubMed

Le Gall JR, Lemeshow S, Saulnier F (1993) A new Simplified Acute Physiology
Score (SAPS IlI) based on a European/North American multicenter study. JAMA
270:2957-2963. https://doi.org/10.1001/jama.270.24.2957 - DOI - PubMed


https://doi.org/10.1016/s0895-4356(00)00314-0
https://doi.org/10.1016/s0895-4356(00)00314-0
https://pubmed.ncbi.nlm.nih.gov/11297884/
https://doi.org/10.1016/j.cct.2015.09.012
https://doi.org/10.1016/j.cct.2015.09.012
https://pubmed.ncbi.nlm.nih.gov/26390962/
https://pmc.ncbi.nlm.nih.gov/articles/4674334/
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://pubmed.ncbi.nlm.nih.gov/1202204/
https://doi.org/10.1001/jama.270.24.2957
https://doi.org/10.1001/jama.270.24.2957
https://pubmed.ncbi.nlm.nih.gov/8254858/

