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f Réanimation Médico-Chirurgicale, Centre Hospitalier de Poissy-St-Germain, 78300 Poissy, France
g Intensive Care and Anaesthesiology Department, University of Montpellier Saint-Eloi Hospital, 34000 Montpellier, France

A R T I C L E I N F O

Article history:

Available online xxx

Keywords:

Sedation

Meta-analysis

Critical care

Mechanical ventilation

Delirium

A B S T R A C T

Introduction: Dexmedetomidine may help physicians target a low level of sedation. Unfortunately, the

impact of dexmedetomidine on major endpoints remains unclear in intensive care unit (ICU).

Material and methods: To evaluate the association between dexmedetomidine use with efficacy and

safety outcomes, two reviewers independently identified randomized controlled trials comparing

dexmedetomidine with other sedative agents in non-post-cardiac surgery critically ill patients in the

PubMed and Cochrane databases. Random effects models were considered if heterogeneity was detected

using the DerSimonian and Laird estimation method. Statistical heterogeneity between results was

assessed by examining forest plots, confidence intervals (CI) and by using the I2 statistic. The risk of bias

was assessed using the risk of bias tool.

Results: This meta-analysis included 1994 patients from 16 randomized controlled trials. Comparators

were lorazepam, midazolam and propofol. Dexmedetomidine was associated with a reduction in ICU

length of stays (WMD = �0.304; 95% CI [�0.477, �0.132]; P = 0.001), mechanical ventilation duration

(WMD = �0.313, 95% CI [�0.523, �0.104]; P = 0.003) and delirium incidence (RR = 0.812, 95% CI [0.680,

0.968]; P = 0.020). Dexmedetomidine is also associated with an increase in the incidence of bradycardia

(RR = 1.947, 95% CI [1.387, 2.733]; P = 0.001) and hypotension (RR = 1.264; 95% CI [1.013, 1.576];

P = 0.038).

Conclusions and relevance: In this first meta-analysis including only randomized controlled trials related

to ICU patients, dexmedetomidine was associated with a 48 h reduction in ICU length of stay, mechanical

ventilation duration and delirium occurrence despite a significant heterogeneity among studies.

Dexmedetomidine was also associated with an increase in bradycardia and hypotension.

� 2015 Société française d’anesthésie et de réanimation (Sfar). Published by Elsevier Masson SAS. All

rights reserved.
1. Introduction

In intensive care units (ICUs), sedation is aimed at reducing
discomfort, metabolic demands during organ failure and increas-
ing tolerance towards mechanical ventilation [1]. Sedation should
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be considered as a tool helping physicians care for critically ill
patients. The most recent clinical practice guidelines in the USA
used the term ‘‘management of pain, agitation and delirium’’,
rather than ‘‘sedation’’, in the title [2]. Only those patients with
acute respiratory distress syndrome (ARDS) or with brain injury
and intracranial hypertension require deep sedation. Notwith-
standing these recommendations, observational studies have
shown that patients are still deeply sedated in our ICU
[3–5]. The occurrence of deep sedation in the first 48 hours after
initiation of mechanical ventilation is associated with an increase
fety of sedation with dexmedetomidine in critical care patients: A
n Med (2015), http://dx.doi.org/10.1016/j.accpm.2015.06.012
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257 stud ies ident ifi ed in 
datab ases

3 studies ident ifi ed f rom 
other sour ces

78 analysed s tudies

260 analysed su mma ries

182 excluded : 
14 studies in an esthesia
29 studies in  cardi ac 

surgery
49 pediatri c stud ies
11 stud ies on  ani mals
9 ph arm acol ogic 

studies
70 studies including 

revu es,  meta -
analysi s,  descripti ve 
articl es,  case reports

63 excluded : 
36 studies withou t 

compa rato r  or  versu s 
placebo,   or la ck  of 
Dexmedeto mid ine 
group

5 second ary  analysi s 
from pr eviou s stud ies

5 studies not   availabl e 
in  english or  french
language

5 retrospec tive  or no n 
random ized s tudies

12 studies withou t  at 
least  on e  of th e  6 
used criteria

15 stud ies  includ ed  in the   meta-
analysi s, on e with  two  trials   = 16 
studies included

Fig. 1. Flowchart showing study inclusion and exclusion for the meta-analysis.
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in long-term mortality [6,7]. In a recent pilot study, Shehabi et al.
[8] demonstrated that an early, goal-directed to target, light
sedation is feasible and safe. In this algorithm, early goal-directed
sedation was provided via dexmedetomidine.

Dexmedetomidine is an a-2 receptor agonist with sedative,
analgesic and anxiolytic properties [9] that is used for light to mild
sedation. Although dexmedetomidine is a first line drug for
sedation in ICUs [2], its impact on patient outcomes remains
undetermined. New trial results, such as the large randomized
controlled trials (RCTs) published by Jakob and al. [10], have yet to
be included in any meta-analysis of RCTs in ICU patients. Thus, this
updated meta-analysis compared dexmedetomidine with other
sedative agents in terms of duration of mechanical ventilation,
length of stay in the ICU, delirium, mortality and adverse events.

2. Methods

2.1. Populations, comparators, outcomes

This meta-analysis included only RCTs of adult patients
admitted to ICUs that compared dexmedetomidine with another
sedative agent, with or without opioid association. RCTs of patients
who underwent cardiac surgery, and trials of sedation started
preoperatively in patients who required postoperative admissions,
were excluded.

The main study outcomes were efficacy outcomes: ICU length of
stay and duration of mechanical ventilation. Secondary outcomes
were safety outcomes: rates of death, bradycardia, hypotension
and delirium.

2.2. Search strategy for identification of studies

We searched the PubMed and the Cochrane databases, using
the following keywords dexmedetomidine, sedation, intensive
care, and postoperative. Trials published between January
2000 and June 2014 in English or French were included.

2.3. Study selection

Titles and abstracts of studies identified by searching the
PubMed and Cochrane databases were screened to determine if
they met the inclusion criteria. The full texts of articles that met the
inclusion criteria were read, and relevant data extracted.

2.4. Data abstraction and management

Two reviewers (JMC and AM) independently extracted data,
including outcomes of interest, demographics of the enrolled
patient population, inclusion and exclusion criteria for each study,
the comparative drug used, the number of patients in each
group, sedation targets and posology. Discrepancies between
reviewers were resolved through consensus discussions. Data
were managed using Microsoft Excel 2010 (Microsoft corporation,
Redmond, WA, USA).

2.5. Measures of treatment effect

Efficacy outcomes (length of ICU stay, duration of mechanical
ventilation, and incidence of delirium) were the primary study
outcomes. Safety outcomes (rates of bradycardia and hypotension
requiring interventions, and in-hospital mortality) were the
secondary study outcomes. All outcomes were planned before
data extraction. All statistical analyses were performed using
Comprehensive Meta-analysis software (version 2, Biostat Corpo-
ration). Random effects models were considered if heterogeneity
was detected using the DerSimonian and Laird estimation method.
Please cite this article in press as: Constantin J-M, et al. Efficacy and sa
meta-analysis of randomized controlled trials. Anaesth Crit Care Pa
Statistical heterogeneity between results was assessed by exam-
ining forest plots, confidence intervals and by using the I2 statistic,
the most common (and easily interpretable) metric for measuring
the magnitude of between-study heterogeneity. I2 values range
between 0% and 100%, with < 25% considered as low, 25–50%
considered as modest, and > 50% considered as high [10]. This
statistical method generally assumes heterogeneity when the
P-value of the I2 test is < 0.05. Publication bias was assessed by a
funnel plot [11]. Categorical outcomes are reported as relative risks
(RR) with their associated 95% confidence intervals (CI); continu-
ous outcomes are reported as weighted mean differences (WMD).
All analyses were performed to independently assess propofol,
benzodiazepines (BZD) and global effects (propofol + BZD).

3. Results

Among the 260 studies initially identified, 15 articles describing
16 RCTs were included [8,10,12–24], with one of the articles
reporting two RCTs [10]. The study flowchart is shown on
Fig. 1. The 16 RCTs included 1994 patients from 19 countries.
Seven studies compared dexmedetomidine with propofol alone
[10,12,13,19,20,22,24], five with midazolam alone [10,15,17,
21,23], two with either propofol or midazolam [8,18], one with
lorazepam [14] and one with haloperidol [16]. Six studies
evaluated patients admitted to ICUs postoperatively [12,13,15,
20,22,24], with one evaluating women admitted after caesarean
section [15]. Eight studies were blinded, [10,13,14,17,18,23,24]
fety of sedation with dexmedetomidine in critical care patients: A
in Med (2015), http://dx.doi.org/10.1016/j.accpm.2015.06.012
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and 11 used a loading dose [12,13,15–22,24]. Dexmedetomidine
infusion rates ranged from 0 to 2.5 mg/kg/h. Characteristics of the
various included studies are shown in Table 1.

3.1. Efficacy outcomes

There was significant heterogeneity concerning the length of
stay in the ICU (global I2 = 56%; propofol I2 = 67%; BZD I2 = 42%).
Sedation with dexmedetomidine was associated with a 48 hour-
reduction of length of stay in the ICU versus benzodiazepines and
propofol (WMD = �0.304; 95% CI [�0.477, �0.132]; P = 0.001)
(Fig. 2). There was no difference between propofol and BZD
(Random effect analysis BZD 95% CI [�0.544, �0.021], propofol 95%
CI [�0.635, �0.079], P = 0.704).

Heterogeneity for the duration of mechanical ventilation was
also observed (global I2 = 63.3%; propofol I2 = 68%; BZD I2 = 39%),
although duration was two days significantly shorter for patients
given dexmedetomidine (WMD = �0.313, 95% CI [�0.523,
�0.104]; P = 0.003). There was no difference between propofol
and BZD (Random effect analysis BZD 95% CI [�0.709, 0.0] propofol
95% CI [�0.589, �0.015], P = 0.778).

Dexmedetomidine was associated with a significant reduction
in delirium incidence (RR = 0.812, 95% CI [0.680, 0.968]; P = 0.020;
global I2 = 32%; propofol I2 = 0%; BZD I2 = 39%) (Fig. 3). There was
no difference between propofol and BZD (Random effect analysis
BZD 95% CI [�1.855, 0.064] propofol 95% CI [�1.186, 0.236],
P = 0.6).

3.2. Safety outcomes

Dexmedetomidine did not influence mortality rate (RR = 1.009;
95% CI [0.833, 1.221]; P = 0.931; I2 = 0%). There was no difference
Fig. 2. Effect of dexmedetomidine on the l

Please cite this article in press as: Constantin J-M, et al. Efficacy and sa
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between propofol and BZD (Random effect analysis BZD 95% CI
[0.865, 1.35] propofol 95% CI [0.572, 1.207], P = 0.237). Use of
dexmedetomidine was significantly associated with increased
rates of bradycardia (RR = 1.947, 95% CI [1.387, 2.733]; P = 0.001;
global I2 = 39.7%, propofol I2 = 24%; BZD I2 = 34%) and hypotension
(RR = 1.264; 95% CI [1.013, 1.576]; P = 0.038; global I2 = 30%;
propofol I2 = 7%; BZD I2 = 45%). There was no difference between
propofol and BZD for both parameters with respectively (Random
effect analysis BZD 95% CI [1.447, 3.343], propofol 95% CI [0.867,
2.749], P = 0.331) and (Random effect analysis BZD 95% CI [0.966,
1.759], propofol 95% CI [0.797, 1.943], P = 0.866).

4. Discussion

This meta-analysis demonstrated that compared with mida-
zolam and propofol, the use of dexmedetomidine was associated
with a 48 hour-reduction in ICU length of stay and duration of
mechanical ventilation. Dexmedetomidine was associated with a
significant reduction in delirium incidence. However, bradycardia
and hypotension were more frequently reported with the use of
dexmedetomidine.

Our study was different from 3 previously published meta-
analyses as concerns certain endpoints. First, we included only
RCTs performed in ICUs and excluded the peroperative adminis-
tration of dexmedetomidine. Second, studies related to post-
cardiac surgery patients were excluded because in this setting,
patients have a reduced ICU length of stay and are ventilated only
for few hours. Moreover, inflammation associated with the latte is
related to a specific pathway (extracorporeal circulation and
ischemia-reperfusion). Therefore, findings from post-cardiac
surgery ICU patients are not extrapolated to general ICU patients.
ength of stay and related funnel plot.
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Fig. 3. Effect of dexmedetomidine on delirium incidence and related funnel plot.
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Third, 2 large double-blinded RCTs were included and obviously
have influenced our results [10].

The reduction in length of ICU stay confirms the results of three
previously published meta-analyses [25], but only one of these has
also shown that dexmedetomidine reduced the duration of
mechanical ventilation [26]. In contrast to other hypnotics,
dexmedetomidine induces minimal and non-clinically relevant
changes in respiratory drive [9]. Since patients must be awake or
aroused prior to performing spontaneous breathing tests [27],
beginning the weaning process earlier results in earlier spontane-
ous breathing tests in awake patients. Regardless of the compara-
tor, patients on dexmedetomidine are more likely to be awake,
aroused and communicating [10].

The lower incidence of delirium with dexmedetomidine is in
good agreement with the results of one meta-analysis [25] and the
results of a study based on post-cardiac ICU patients [28]. The
inclusion of new, large RCTs probably explains why the present
meta-analysis did not report findings similar to previous ones
[29]. The reduction of sedation-induced delirium is suitable from a
pathophysiological point of view. In contrast to other hypnotics,
the mechanism of action of dexmedetomidine is not mediated by
GABA receptors. Modulation of GABA receptor activity is a well-
known trigger of delirium mediated by sleep pathway disturban-
ces [30]. This reduction of delirium incidence may partly explain
the reduction in length of stay and duration of mechanical
ventilation associated with dexmedetomidine [31]. Nevertheless,
certain limitations related to delirium evaluation must be stressed.
The criteria used to assess delirium vary among studies, and
include delirium days, delirium free days, and delirium prevalence.
Please cite this article in press as: Constantin J-M, et al. Efficacy and sa
meta-analysis of randomized controlled trials. Anaesth Crit Care Pa
In addition, methods of evaluation vary, with some studies using
the CAM-ICU instrument and others mixed criteria [32].

The mechanism of action of dexmedetomidine involves its
binding to a2-receptors, which may explain the increased rate of
bradycardia in these patients. Similar findings were observed in
one previous meta-analysis [26]. Use of a loading dose and high
infusion doses have been reported as risk factors for bradycardia
[22,29]. Eleven studies included in our meta-analysis used a
loading dose, with a mean of 1 mg/kg in 10 to 60 minutes, although
some patients received loading doses as high as 2.5 mg/kg. Infusion
doses were as high as 2.5 mg/kg/h. Avoiding loading doses may
reduce the incidence of bradycardia. Many treatments associated
with dexmedetomidine in ICUs can worsen bradycardia, including
treatments with anti-arrhythmic agents and opioids. Bradycardias
in these studies were rarely severe, with reductions in infusions
allowing heart rates to return to normal range [17,18]. Most of the
studies included in our meta-analyses excluded patients with a
low heart rate at admission and those with atrioventricular
blockades without pacing. In contrast to other meta-analyses, we
observed significant hypotension associated with dexmedetomi-
dine. However, this result had borderline significance.

This study has several limitations. Although we excluded
studies that involved post-cardiac-surgery ICU patients, the
included studies were heterogeneous. Most studies included both
medical and surgical patients, whereas others included medical
patients only, reflecting the heterogeneous populations admitted
to ICUs. Sedation protocols also differed among studies, with
differences including the type of comparative hypnotic, the use or
not of a loading dose or an adjunct opioid, and the possibility of
fety of sedation with dexmedetomidine in critical care patients: A
in Med (2015), http://dx.doi.org/10.1016/j.accpm.2015.06.012
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another rescue hypnotic. Only half of the studies were blinded, and
sedation objectives differed. Interestingly, previous meta-analyses
found that the dexmedetomidine-associated benefits in regards to
length of stay and duration of ventilation did not affect mortality
rates. However, even this criterion differed among studies, and
included deaths prior to discharge from the hospital, or after 28 or
30 days or 3 months. Overall, no study was designed to show a
statistical difference in mortality. Moreover, the time to randomi-
zation was long in all studies, with the exception of a preliminary
study by Shehabi [8]. The time to randomization was up to
96 hours in SEDCOM and 72 hours in MIDEX and PRODEX, allowing
non-protocol sedatives to be used unchecked in the first 3 to
4 days. An early goal-directed sedation may be able to show
changes in mortality, but this issue will be addressed in the SPICE
III trial (NCT01728558).

5. Conclusion

In conclusion, in association with significant heterogeneity
among the included studies, dexmedetomidine (as compared to
midazolam and propofol) was associated with a 48 hour-reduction
in length of ICU stay and duration of mechanical ventilation, as
well as a decrease in incidence of delirium. Dexmedetomidine was
also associated with increased incidences of bradycardia and
hypotension. Awareness of these adverse events must be raised,
even if our meta-analysis is not able to describe their clinical
relevance.
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