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Abstract
Background: To determine the preventive and therapeutic effect of dexmedetomidine on intensive care unit (ICU)
delirium.

Methods: The literature search using PubMed and the Cochrane Central Register of Controlled Trials was performed
(August 1, 2018) to detect all randomized controlled trials (RCTs) of adult ICU patients receiving dexmedetomidine.
Articles were included if they assessed the influence of dexmedetomidine compared to a sedative agent on incidence
of ICU delirium or treatment of this syndrome. Accordingly, relevant articles were allocated to the following two
groups: (1) articles that assessed the delirium incidence (incidence comparison) or articles that assessed the treatment
of delirium (treatment comparison). Incidence of delirium and delirium resolution were the primary outcomes. We
combined treatment effects comparing dexmedetomidine versus (1) placebo, (2) standard sedatives, and (3) opioids
in random-effects meta-analyses. Risk of bias for each included RCT was assessed following Cochrane standards.

Results: The literature search resulted in 28 articles (25 articles/4975 patients for the incidence comparison and three
articles/166 patients for the treatment comparison). In the incidence comparison, heterogeneity was present in differ-
ent subgroups. Administration of dexmedetomidine was associated with significantly lower overall incidence of delir-
ium when compared to placebo (RR 0.52; 95% ClI 0.39-0.70; 1> =37%), standard sedatives (RR 0.63; 95% C| 0.46-0.86;

> =69%), as well as to opioids (RR 0.61; 95% Cl| 0.44-0.83; > =0%). Use of dexmedetomidine significantly increased
the risks of bradycardia and hypotension. Limited data were available on circulatory insufficiency and mortality. In

the treatment comparison, the comparison drugs in the three RCTs were placebo, midazolam, and haloperidol. The
resolution of delirium was measured differently in each study. Two out of the three studies indicated clear favorable
effects for dexmedetomidine (i.e., compared to placebo and midazolam). The study comparing dexmedetomidine
with haloperidol was a pilot study (n=20) with high variability in the results.

Conclusion: Findings suggest that dexmedetomidine reduces incidence and duration of ICU delirium. Furthermore,
our systematic searches show that there is limited evidence if a delirium shall be treated with dexmedetomidine.
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Background

Delirium is experienced in 20% to 40% of the critically ill
and up to 80% of mechanically ventilated (MV) medical
or surgical patients [1-4]. It is a confusional state that
has been described as a transient global disorder of cog-
nition, awareness, and attention and as such is not only
challenging for the treating medical team, but also has a
considerable impact on affected patients. It is associated
with prolonged hospital length of stay and time on MV,
deterioration in cognition, and increased morbidity and
mortality causing additional health-care expenses [4—6].
Its pathophysiological mechanisms are highly heteroge-
neous—as perceived by the high number of risk factors
[7]—and have yet to be fully understood. Imbalanced
neurotransmitter systems such as the reduction of ace-
tylcholine activity, excess of serotonin and dopamine, or
the release of gamma-amino-butyric acid (GABA) seem
essential. Certain hospital care characteristics (patient
immobilization, bladder catheter, or sleep deprivation)
further contribute to the development of delirium [8, 9].

Treatment approach with sedation offers several ben-
efits: First, it reduces discomfort, anxiety, and stress.
Second, it facilitates the daily intensive care unit (ICU)
procedures for the treating nurses and physicians, pro-
viding a calm, cooperative patient who is easy to rouse
and capable of communicating pain and other needs
[10-12]. So far, there is no ideal sedative agent that fulfills
the criteria of being cheap, rapid in onset and offset, and
without local or systemic adverse effects [10].

Although the 2013 PAD guidelines suggested against
the use of antipsychotics such as haloperidol for the
treatment of delirium due to their side effects (e.g.,
extrapyramidal symptoms, neuroleptic malignant syn-
drome, and QTc interval prolongation), they are still
commonly applied today [1, 13, 14]. Moreover, the most
recent 2013 American College of Critical Care Medicine
Guidelines for the management of pain, agitation, and
delirium (PAD) in adult ICU patients recommend the use
of a non-benzodiazepine-based sedation approach [15].

Dexmedetomidine with its broad range of effects
including easily controllable sedation, analgesia, and
anxiolysis still enables the caring medical team to interact
with the patient. It reduces the activity while still main-
taining the reactivity of neurons in the locus coeruleus.
Therefore, it is an appealing alternative to traditional
sedatives such as propofol and benzodiazepines [16].
As a highly selective oc,-receptor agonist with no effect
on the GABA receptor, it interacts with transmembrane
G-protein-binding adrenoreceptors in the periphery (o
2a)» as well as in the brain (ox,p) and the spinal cord (o).
Inducing a sleep-like state without respiratory depression
may explain the beneficial effects of dexmedetomidine
[17, 18], since disturbed circadian rhythm is a known
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contributing factor of delirium [19]. These characteristics
lead to an easily arousable, communicative, and coop-
erative patient and render dexmedetomidine a potential
therapeutic option for the ICU delirium, in addition to its
suggested use for delirium prevention [16, 20]. However,
inhibition of sympathetic activity in the periphery leads
to sequential decreases in blood pressure and heart rate
[19], the most commonly reported adverse events associ-
ated with dexmedetomidine [21].

A review from 2013 suggested dexmedetomidine could
be suitable for both prevention and treatment of ICU-
associated delirium [14]. In 2014, a systematic review
from Pasin et al. [20] including 14 RCTs with a total of
3029 patients demonstrated that use of dexmedetomi-
dine for anesthesia and sedation was associated with a
significant reduction of the incidence of delirium. Similar
results were demonstrated in a previous review from Xia
et al. where only propofol was used as a comparator [22].
Very recently, Duan et al. [23] performed a meta-analysis,
showing that dexmedetomidine can reduce postoperative
delirium incidence in adult cardiac and non-cardiac sur-
gery patient. Based on fact that in the meantime a num-
ber of additional randomized controlled trials (RCTs)
were published, we wanted to provide an up-to-date
meta-analysis on dexmedetomidine for both treatment
and prevention of ICU delirium to define areas of future
research concerning ICU delirium and dexmedetomidine
treatment. Randomized controlled trials (RCTs) were
included, assessing the effect of dexmedetomidine on
delirium in adult ICU patients. The goal was to summa-
rize current evidence on the potential of dexmedetomi-
dine to lower the incidence and duration of ICU delirium.

Methods

For this systematic review and meta-analysis, we adhered
to the PRISMA statement for reporting systematic
reviews and meta-analyses [24].

The literature search

Authors performed an electronic database search of Pub-
Med and the Cochrane Central Register of Controlled
Trials (CENTRAL). The detailed search strategy is avail-
able in appendix (Additional file 1: Appendix). We used
standard filters to search for RCTs. The last date of search
was August 1, 2018.

Inclusion criteria

Two independent investigators (JF and AH) identified all
potentially relevant studies in PubMed and CENTRAL
based on a screening of titles and abstracts. Of these,
full texts were obtained and reviewed for eligibility by
the same two investigators. Any conflict of opinion was
resolved by consensus with a third reviewer (MS).
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All studies that met the following inclusion criteria
were selected: (1) RCT; (2) adult (>18 years) medical
or surgical ICU patients; (3) sedation with dexmedeto-
midine versus any comparator either for prevention or
treatment of ICU delirium, regardless of dose, duration,
or time of administration; (4) incidence of delirium as a
mandatory outcome measurement regarding incidence
comparison; and (5) full text available in English. The
exclusion criteria were duplicate publications, missing
indication of delirium incidence, study design other than
RCT, focus on withdrawal delirium, oral administration
of dexmedetomidine, or dexmedetomidine administered
in both intervention and control groups.

Data extraction

Study-relevant information was extracted by two inde-
pendent investigators (JF and AH) for each included
RCT. Any conflict of opinion was resolved by consensus
with a third reviewer (MS).

Interventional (dexmedetomidine) and control drugs,
publication date, study location and date of study con-
duct, as well as patient characteristics, total number of
patients, and conducted procedure were considered rel-
evant for data extraction. Control drugs were divided
into three groups: placebo, standard sedatives (includ-
ing propofol, midazolam, and lorazepam), and opioids
(including morphine and remifentanil). Delirium assess-
ment tools (e.g., confusion assessment method for the
ICU=CAM-ICU or the intensive care delirium screen-
ing checklist=ICDSC) were assessed. Furthermore, we
recorded if delirium was assessed as the primary, a sec-
ondary, or no specific endpoint.

Although our inclusion criteria focused only on the
incidence of delirium, we also conducted further analyses
of other patient-relevant factors, such as adverse events
(i.e., mortality, bradycardia, tachycardia, hypotension,
hypertension, and circulatory insufficiency) and clinical
outcome data (i.e., ICU length of stay, and time to extu-
bation or duration of MV). These analyses have only an
explorative character and raise no claim to completeness.

According to whether dexmedetomidine and control
drugs were applied for treatment or prevention of ICU
delirium, included trials were assigned to incidence com-
parison or delirium treatment (treatment comparison)
and analyzed according to their affiliation.

For assessment of adverse events, we also considered
studies reporting adverse events during anesthesia and
subsequent intensive care sedation to increase the reli-
ability of the study since only a few studies reported
adverse events during intensive care sedation with
dexmedetomidine.

The primary outcome measure in incidence com-
parison was incidence of delirium. The primary
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outcome measure in treatment comparison was delirium
resolution.

Risk of bias assessment

Risk of bias for each included RCT was assessed using
the Cochrane Collaboration’s tool [25]. Two investigators
(JF and BS) reviewed each RCT for risk of bias consider-
ing the following five key domains: (1) random sequence
generation (selection bias); (2) allocation concealment
(selection bias); (3) blinding of participants and person-
nel (performance bias); (4) blinding of outcome assess-
ment (detection bias); and (5) incomplete outcome data
(attrition bias). Each domain was judged as “low risk,
“high risk,” or “unclear risk” of bias. Any disagreement
in opinion was resolved by consensus. We estimated the
overall risk of bias for a RCT as low if the risk of bias was
low in all key domains, as unclear if the risk of bias was
unclear in at least one key domain, and as high if the risk
of bias was high in at least one key domain.

Statistical analysis
Meta-analyses were conducted using the Cochrane
Review Manager 5 (RevMan5). Differences in binary
outcomes were presented as risk ratios (RR) includ-
ing 95% confidence intervals (CI) based on random and
fixed effect models. RRs below 1 indicate that the event
occurred less often in patients who received dexme-
detomidine compared to patients who received a con-
trol drug. In incidence comparison, meta-analyses were
performed to compare the incidence of delirium, adverse
events, and clinical outcomes for each control drug sepa-
rately. For the incidence of delirium, the following sub-
group and sensitivity analyses were conducted: analyzing
only studies with low risk of bias according to risk of bias
assessment, population (i.e., cardiac surgery, MV, and
non-cardiac surgery), and using a trim-and-fill method
[26, 27] if there was an indication of publication bias.
Higgin’s I was conducted to assess the heterogeneity
of the studies [28]. If a subgroup consisted of sufficient
RCTs, Egger’s test was performed and funnel plot was
visually assessed to determine the risk of publication bias.
Symmetric statistics and trim-and-fill methods were con-
ducted using R version 3.4.1 (meta package) following the
Cochrane recommendations [29]. Furthermore, meta-
analyses were conducted for the following adverse events
and clinical outcomes: mortality, bradycardia, tachycar-
dia, hypotension, hypertension, circulatory insufficiency,
ICU length of stay, and time to extubation or duration of
MV. If both time to extubation and duration of MV were
presented, we used time to extubation data for the meta-
analyses. In case no means and standard deviations (SDs)
were reported (for ICU length of stay, time to extuba-
tion or duration of MV), we used medians, interquartile
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ranges (IQRs), or ranges to estimate these attributes,
forcing us to make several assumptions (Additional file 1:
Tables S1-S3) [30, 31].

Mortality rates assessed up to 45 days and the remain-
ing adverse events were pooled regardless of the time
they occurred (intraoperatively, postoperatively, during
sedation or MV).

For treatment comparison, all articles reported dif-
ferent outcomes. Therefore, results are summarized
descriptively and no meta-analysis was performed.

Results

Trial identification

After excluding duplicate studies, our literature search
on PubMed and CENTRAL retrieved 232 articles. By
screening titles and abstracts, 171 publications were
excluded at the title abstract level and an additional 33
were excluded after consulting the full text (Fig. 1). The
remaining 28 articles were included and divided into
incidence comparison consisting of 25 RCTs [32-56] and
treatment comparison consisting of three articles [57-
59] (Fig. 1).

Study characteristics

In incidence comparison, all RCTs were published
between 2005 and 2018 (being conducted between 2002
and 2017; Table 1). Two RCTs did not state study dates
[39, 40]. Sixteen RCTs dealt with surgical patients, nine
of which were cardiac surgery RCTs [36, 39, 41, 42, 45—
47, 51, 53] and seven non-cardiac surgery RCTs, meaning
microvascular free flap surgery [34], joint replacement
[49] or total hip arthroplasty [54], major abdominal sur-
gery [52], major laparoscopic surgery [55], and elective

Articles identified by database scarch (n=232):
-PUBMED
-COCHRANE Library

Asticles excluded (n=171):

RCTs included (n=28)

Incidence comparison
(n=25)

ms: RCT, i trolled trial

Fig. 1 Flow diagram of the systematic search for RCTs
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non-cardiac surgery under general anesthesia [33, 48].
The remaining nine RCTs consisted of six studies exam-
ining MV patients [32, 38, 40, 43, 44, 50] two examining
noninvasively ventilated patients [35, 37] and one where
dexmedetomidine was used for nightly sedation [56].
Applied procedures for administering intervention and
control drugs were highly heterogeneous (Table 1). Com-
parators were placebo in eight RCTs [33-35, 45, 48, 51,
55, 56], propofol in six RCTs [42, 46, 47, 52—-54], mida-
zolam in two RCTs [37, 50], and lorazepam [32], mor-
phine [41], and remifentanil [36] in one RCT each. All
of these RCTs used a two-arm design. Two RCTs com-
pared dexmedetomidine sedation to a sedation regimen
of either propofol or midazolam [43, 44]. Two RCTs
used a three-arm design comparing dexmedetomidine to
midazolam and propofol [39, 40]. One RCT used a two-
arm design comparing dexmedetomidine to placebo, but
did not report overall results. Instead, only results for
the two subgroups “normal-aged” patients and patients
with amnestic mild cognitive impairment (aMCI) after
joint replacement were reported [49]. One article con-
sisted of two separate RCTs comparing dexmedetomi-
dine to midazolam and propofol, respectively [38]. The
total number of patients in incidence comparison was
4975. The used tools for delirium assessment are listed
in Table 1. In treatment comparison, all RCTs were pub-
lished between 2009 and 2016 (study dates ranged from
2005 to 2013; Table 1). Study populations of all RCTs
consisted of patients with agitated delirium. Two RCTs
dealt with MV patients in whom extubation was consid-
ered unsafe because of agitated delirium [57, 59]. One
RCT examined patients presenting with delirium follow-
ing extubation failure after cardiac surgery [58]. Inter-
ventional and control drugs were administered according
to the desired RASS score [57, 59], except for one RCT,
where they were administered according to blood pres-
sure and heart rate [58]. Comparators were placebo [57],
midazolam [58], or haloperidol [59]. The total number
of patients in treatment comparison was 166. Delir-
ium assessment was performed using validated tools
(Table 1).

Further information on the drug doses used through-
out the studies is provided in Additional file 2: Table S4.

Quality of evidence

The Cochrane Collaboration’s risk of bias assessment is
provided in Table 2. Six [56] articles consisting of seven
RCTs in the incidence comparison had low risk of bias
[33-35, 38, 45]. Nine RCTs had an unclear risk of bias in
at least one domain due to poor reporting (1808 patients)
[32, 36, 37, 40, 41, 48, 50, 51, 53], and ten RCTs had a high
risk of bias in at least one of the five assessed domains
[39, 42-44, 46, 47, 49, 52, 54, 55]. In the treatment
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Table 2 Risk of bias assessment of included RCTs

Incidence comparison

Chang [53]

Lee [56]

Mei [55]

Sheikh [54]
Skrobik [57]
Deiner [34]
Kawazoe [45]

Li [46]

Li [44]

Djaiani [47]

Liu [48]

Liu [50]

Su [59]
Maclaren [51]
Priye [52]

Yang [35]
Devlin [36]

Park [37]
Huang [38]
Jakob [39]
Maldonado [40]
Ruokonen [41]
Shehabi [42]
Pandharipande [33]
Corbett [43]
Treatment comparison
Reade [58]
Yapici 2010
Reade [60]

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of outcome assessment (detection bias)

+ |+ [+ |+ o]+

R - Blinding of participants and personnel (performance bias)

+ [+ |0+ |+ |

Sl | l || Incomplete outcome data (attrition bias)

+
+
+
+
+
+
+
+
?
+
+ | ?
+ | +
+ |+ |+ | ? |+
+ |+ | 2]+
2 | 2 | 2] 9 [ +
+ |+ |+ |+ |+
+ |+ |+ | + |+
PR+
P+
+ |+ |+ |+ |+
+
+ | ? |+ |+ |+
+ |+ | *] 0+ |+
+ | ? |+ |+ |+
TEEE E
+ |+ |+ | + |+
202227
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Table 2 (continued)
2 Patient blinded
b Blocked randomization in unblinded trial

¢ Patients with delayed recovery were excluded

9 Study reported as double blind; it is likely that patients and personnel were
blinded, but this is unclear for the outcome assessor

€ Study reported as double blind, but blinding of patients is not explicitly
mentioned

f No flow chart provided; unclear if more patients were originally included

comparison, there was one RCT with low risk of bias
[57], one with unclear risk of bias in all five domains [58],
and one with high risk of bias in two of the five domains
[59].

Incidence comparison

Nine articles consisting of ten data sets compared dex-
medetomidine to placebo; 14 articles consisting of 15
data sets compared dexmedetomidine to standard seda-
tives; and two RCTs (two data sets) compared dexme-
detomidine to opioids (Table 3).

Incidence of delirium

Overall incidence of delirium in the dexmedetomidine
group was significantly lower compared to placebo (RR
0.52; 95% CI 0.39-0.70; I*>=37%; Fig. 2), compared to
standard sedatives (RR 0.63; 95% CI 0.46-0.86; I =69%;
Fig. 3), as well as compared to opioids (RR 0.61; 95% CI
0.44-0.83; I*=0%; Fig. 4). When only RCTs with a low
risk of bias were included, we retrieved a RR of 0.66 (95%
CI 0.43-1.03; five data sets included) for the placebo
comparison and a RR of 0.64 (0.41-0.98; two data sets
included) for the standard sedative comparison (Table 3).
It is important to mention that the two data sets from
the standard sedatives comparison were presented in the
same article [38]. In the opioids group, there was no RCT
without risk of bias.

Visual inspection of the funnel plot from the analysis
of standard sedatives reveals some deviation from the
funnel shape (Additional file 1: Figure S1), indicating the
presence of publication bias (Egger’s test: p =0.015). This
was, however, not the case for the placebo comparison
(Egger’s test: p=0.62; Additional file 1: Figure S2).

Results from the trim-and-fill method (dexmedeto-
midine vs. standard sedatives) were less clear about the
favorable effect compared to the overall result (RR 0.77;
95% CI 0.57-1.05; Table 3). Further subgroup and sensi-
tivity results are presented in Table 3. Considerable het-
erogeneity was found in the subgroup analysis.
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Table 3 Subgroup and sensitivity analyses for incidence of delirium

Subgroup and sensitivity analyses

Number of data sets

Number of patients Risk ratio (95% Cl) random effect /2

model
Placebo
Overall 10 2071 0.52 (0.42-0.63) 37%
Studies with no risk of bias according to our risk of 5 887 0.66 (0.43-1.03) 20%
bias assessment
Cardiac surgery 2 349 0.53(0.22-1.24) 1%
Mechanical ventilation 0
Non-cardiac surgery 6 1589 0.53 (0.35-0.80) 61%
Standard sedatives
Overall 15 2463 0.63 (0.46-0.86) 69%
Studies with no risk of bias according to our risk of 2 998" 0.64 (0.41-0.98) 0%
bias assessment
Cardiac surgery 5 509 0.40 (0.23-0.69) 11%
Mechanical ventilation 7 1536 0.82 (060-1.11) 66%
Non-cardiac surgery® 2 356 0.46 (0.23-0.90) NA
Trim-and-fill method 20¢ - 0.77 (0.57-1.05) 64%
Opioids
Overall 2 441 0.61(0.44-0.83) 0%
@ Propofol or midazolam was used in the comparison group
b One out of two studies had no events
¢ Five hypothetical studies added with by a trim-and-fill function or R package meta
Dexmedetomidine Placebo Risk Ratio Risk Ratio
StudyorSubgroup ~~ Events Total EventsTotal  Weight M-H Random 95% Cl  M-H Rapdom 95%C|
Devlin 2014 1 16 2 17 1.6% 0.53 [0.05, 5.31)
Priye 2015 1 32 5 32 1.9% 0.20 [0.02, 1.62)
Yang 2015 2 39 5 40 31% 0.41[0.08, 1.99) . .
Liu'Y 2016 (aMCI patients) 10 39 25 40 13.9% 0.41[0.23,0.74) -
Liu Y 2016 (normal aged patients) 5 60 18 58 7.6% 0.27 [0.11, 0.68]) .
Su 2016 32 350 79 350 20.3% 0.41[0.28, 0.59] =
Deiner 2017 23 189 23 201 15.1% 1.06 [0.62, 1.83] -
Li X 2017 7 142 11 143 7.7% 0.64 [0.26, 1.61) e
Lee 2018 21 114 27 109 16.1% 0.74 [0.45, 1.23) i
Skrobik 2018 10 50 23 50 12.8% 0.43[0.23,0.82) »
Total (95% CI) 1031 1040 100.0% 0.52 [0.39, 0.70] @
Total events 12 218 " : = -
Heterogeneity: Tau® = 0.07; Chi* = 14.24, df =9 (P =0.11); F = 37% . % L ke
& % A &7 5 0.01 0.1 1 10 100
FOME Sct MOGeE R E2 18508 Favours Dexmedetomidine Favours Placebo
Fig. 2 Forest plot for incidence of delirium in placebo-controlled RCTs. aMCl amnestic mild cognitive impairment

Adverse events

Explorative analysis of adverse events raising no claim for
completeness is presented in Additional file 1: Table S5.
When compared to placebo, dexmedetomidine sedation
showed a RR of 0.92 for mortality (95% CI 0.51-1.64;
P=0%) [33, 35, 45, 48, 56] and a RR of 0.80 for circula-
tory insufficiency (95% CI 0.32-2.00; Additional file 1:
Table S5) [48]. The risks of bradycardia [33-35, 45, 48,
56] and hypotension [33-35, 45, 48, 56] were significantly

higher in the dexmedetomidine group, as opposed to
tachycardia [35, 48] and hypertension [33, 48].

When compared to standard sedatives, only risks of
bradycardia (RR 2.05; 95% CI 1.31-3.22; I*=36%) [32, 37,
38, 40, 44, 49, 50, 52] and hypotension (RR 1.26; 95% CI
1.04—1.54; I’ =9%) [37, 38, 40, 42, 47, 50, 52] were signifi-
cantly higher in the dexmedetomidine group.

When compared to opioids, dexmedetomidine showed
a RR of 0.48 for mortality (95% CI 0.09-2.60) [41] and
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Dexmedetomidine Standard sedatives Risk Ratio Risk Ratio
StudyorSubgroup _ Events  Total Events Total ___ Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Corbett 2005 1 43 1 46 1.2% 1.07 [0.07, 16.57]
Pandharipande 2007 41 52 2 5 13.9% 0.96 [0.79, 1.16] B i
Maldonado 2009 4 40 33 76 6.2% 0.23 [0.09, 0.60] e
Ruokonen 2009 18 41 1 a4 9.4% 1.76 [0.95, 3.26) |
Huang 2012 1 33 5 29 2.0% 0.18 [0.02, 1.42]
Jakob 2012 (Midex-Trial) 19 249 25 251 9.9% 0.77 [0.43, 1.35] e
Jakob 2012 (Prodex-Trial) 12 251 24 247 8.8% 0.49 [0.25, 0.96] ——
MacLaren 2015 1 11 5 12 22% 0.22 [0.03, 1.59] v
Djaiani 2016 16 a1 29 92 10.3% 0.56 [0.33. 0.95) o
Liu X 2016 0 29 2 32 1.0% 0.22 [0.01, 4.40]
LiY 2017 18 64 34 62 1.3% 0.51[0.33, 0.81] T
Kawazoe 2017 44 100 45 101 12.9% 0.99 [0.72, 1.35) T
Chang 2018 11 148 24 148 8.8% 0.46 [0.23, 0.90] —
Sheikh 2018 1 30 7 30 21% 0.14 [0.02, 1.09]
Mei 2018 0 31 0 29 Not estimable
Total (95% CI) 1213 1250 100.0% 0.63 [0.46, 0.86) ’
Total events 187 287
Heterogeneity: Tau? = 0.18; Chi* = 42.00, df = 13 (P < 0.0001); F = 69% :0.01 0;.1 1 1'0 108
Fixed effect model: 0.68 [0.59, 0.79] = % PP - - o
Favours Dexmedetomidine Favours Standard sedatives
Fig. 3 Forest plot for incidence of delirium in standard sedative-controlled RCTs

Total events 47 78
Heterogeneity: Tau? = 0.00; Chi* = 0.00,df =1 (P =0.98), " = 0%
Fixed effect model: 0.61 [0.44, 0.83)

Fig. 4 Forest plot for incidence of delirium in opioid-controlled RCTs

Dexmedetomidine Opiates Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Shehabi 2009 35 152 56 147 75.3% 0.60 [0.42, 0.86) .
Park 2014 12 67 22 75 24.7% 0.61[0.33, 1.14) Lt
Total (95% CI) 219 222 100.0% 0.61 [0.44, 0.83] @

b I ! i

0.01 0.1 1 10 100
Favours Dexmedetomidine Favours Ooiates

a higher risk of bradycardia with a RR of 2.03 (95% CI
1.07-3.83; P=22%) [36, 41].

Clinical outcomes

Explorative analysis of clinical outcomes raising no
claim for completeness is presented in Additional file 1:
Table S6. Two outcome measures (i.e., ICU length of stay
and time to extubation or duration of mechanical venti-
lation) were estimated for dexmedetomidine compared
to placebo, standard sedatives, and opioids with overall
results in favor of dexmedetomidine (Additional file 1:
Table S6).

Treatment comparison

Three RCTs were identified, which reported different
clinical outcomes (Additional file 1: Table S7). Control
drugs were placebo [57], midazolam [58], and halop-
eridol [59], each in one RCT. Comparing dexmedetomi-
dine to placebo, Reade et al. [59] found a significantly
accelerated resolution of delirium in patients receiving

dexmedetomidine (median, 23.3 h; #=39 vs. 40.0 h;
n=32; median difference between groups, 16.0 h [95%
CI 3.0-28.0 h]; P=0.01). The risk of bias according to
our assessment was low in this study. Using midazolam
as control medication, Yapici et al. (2011) who assessed
delirium based on CAM-ICU at 36 h and 60 h postop-
eratively had an unclear risk of bias in all five domains.
While after 36 h all patient still had a delirium (i.e., 37
dexmedetomidine treated and 34 midazolam treated
patients), they stated significantly lower number of
patients with delirium in the intervention group 60 h
postoperatively (1/37 patients; 2.7% vs. 7/34 patients;
21%; P<0.05). Comparing dexmedetomidine to halop-
eridol, Reade et al. [59] measured proportion of time with
satisfactory ICDSC below 4 and desirable ICDSC below 1
as clinical outcome. Patients who received dexmedetomi-
dine “tended to spend a greater proportion of time with
satisfactory scores” (median [IQR], 95.5% [51-100%]
vs. 31.5% [17-97%]; P=0.122 and 61% [0—-100%] vs. 0%
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[0-0%]; P=0.134, respectively) [59]. The RCT was a non-
blinded pilot study (including 10 patients in each treat-
ment arm) which had to goal to assess the feasibility of
the trial design and the safety of the two treatments.

Discussion

This meta-analysis suggests dexmedetomidine to be an
efficient and reliable sedative agent to reduce the inci-
dence of delirium in critically ill patients when com-
pared to placebo, standard sedatives, and opioids. Our
results indicate that the overall incidence of delirium
in the dexmedetomidine group was significantly lower
compared to placebo, standard sedatives, and opioids.
The 2009 study by Maldonado et al. [39] proposed two
theories to explain the decreased rates of delirium asso-
ciated with sedation of dexmedetomidine: The first the-
ory is based on the intrinsic delirium-sparing property
determined by multiple characteristics of dexmedeto-
midine. Since GABA, the primary inhibitory neuro-
transmitter in the central nervous system seems to play
a key role in the pathogenesis of delirium, it is plausible
that GABAergic agents such as benzodiazepines and
propofol are strongly involved in the development and
prolongation of delirium [60, 61]. The second theory
is that dexmedetomidine-induced sedation provides a
more natural sleep-like sedation pattern, which might
reduce the risk of developing delirium [19, 62]. Fur-
thermore, dexmedetomidine has very little effect on
the cholinergic system, which is strongly linked to cog-
nitive functions and the development of delirium [63].
Finally, when used as an alternative to sedation with
GABAergic agents and/or opioids, dexmedetomidine
may decrease delirium incidence.

When analyzing cardiac and non-cardiac surgery
patients separately, the risk ratios for placebo and stand-
ard sedatives seem to be similar to the overall results. As
the number of included data sets becomes small in all
sensitivity-and subgroup analyses, the results have to be
interpreted with caution.

Reduction of overall delirium risk by dexmedetomi-
dine compared to standard sedatives confirms the find-
ings from a meta-analysis conducted and published by
Xia et al. [22]. Moreover, a 2014 meta-analysis by Pasin
et al. [20] reported that dexmedetomidine significantly
decreased delirium incidence when compared to control
patients and in a subgroup analysis comparing dexme-
detomidine to midazolam. A subgroup of RCTs assessing
only cardiac surgery patients showed also results favor-
ing dexmedetomidine. This finding supports Herr et al’s
[64] statement, suggesting a potentially positive effect
of dexmedetomidine on the incidence of ICU delirium
when compared to standard sedatives. The only article
[38] with a low risk of bias included two data sets which
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have similar results when compared to the 12 included
data sets.

When compared to opioids, the overall risk of delirium
seems to be significantly lower favoring dexmedeto-
midine. The result has to be interpreted with caution
because the opioid-controlled group in this meta-analysis
consists of only two RCTs with unclear risk of bias [36,
41].

Of note, it can be interpreted from the subgroup and
sensitivity analysis that all data sets point into the same
direction, but there are not many studies of high level of
evidence estimated by the five dimensions of the risk of
bias assessment.

Our additional explorative meta-analyses assessing
clinical outcomes confirmed that the use of dexmedeto-
midine significantly increased the risks of bradycardia
and hypotension [32-38, 40-42, 44, 45, 47, 48, 50]. How-
ever, we had only limited data to assess the mortality risk
or risk of circulatory insufficiency. Large uncertainties
exist as indicated by wide 95% Cls. Here a comprehensive
meta-analysis for this endpoint is warranted.

For the treatment of delirium, we identified only three
RCTs including all different comparators. Therefore, it
is difficult to draw any conclusion about the potential
of dexmedetomidine in the treatment of delirium. This
systematic review demonstrated the essential need for a
standardized measurement for the clinical recovery from
delirium. Otherwise, it is impossible to meta-analyze
subsequent RCTs on this topic.

Several limitations in our study need to be acknowl-
edged. First, since we focused on incidence of delirium
as our primary outcome, we excluded all RCTs not con-
taining delirium data. Of these studies, some might prob-
ably have evaluated adverse events and clinical outcome.
Therefore, our meta-analysis of adverse events and clini-
cal outcome raises no claim to completeness. Second, we
only search in PubMed and CENTRAL for articles pub-
lished in English. Therefore, it is possible that we missed
relevant RCTs because they were published in other lan-
guages or published in journals which are not indexed in
PubMed or CENTRAL. However, a recently published
meta-epidemiological study showed that searching only
PubMed and CENTRAL leads in the vast majority to the
same conclusion (eventually with less certainty) when
compared to more comprehensive Cochrane reviews
[65]. Third, only seven out of 28 RCTs could be classified
as low risk of bias RCTs. Fourth, there were many signifi-
cant variations across all RCTs, potentially affecting their
comparability. These include different ICU populations,
severities of illness, and sedation protocols, leading to
heterogeneity in drug doses and potentially influencing
outcomes, or different durations of drug administration.
Fifth, publication bias could not be assessed in one of the
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three main comparisons due to the limited number of
studies [29]. The found effect for the comparison between
standard sedatives and dexmedetomidine seemed to be
affected by publication bias. Therefore, the results from
the trim-and-fill method might be more valid. A further
potential limitation, common in all sedation trials, is a
masking of differences in sedation if opioids have been
administered for clinical reasons [40].

Overall, our systematic review and meta-analysis are
the first to focus on the role of dexmedetomidine in the
prevention and treatment of the ICU delirium with-
out making any restrictions concerning comparator
drugs or types of ICU population. It uses a systematic
approach to evaluate the hypothesis that dexmedetomi-
dine is more effective than common therapeutic strate-
gies for the treatment and prevention of delirium.

The results of our meta-analysis suggest that dex-
medetomidine may be more efficient in reducing ICU
delirium incidence than placebo standard sedatives and
opioids. The evidence on treatment of ICU delirium
with dexmedetomidine is limited, as only three trials
with different comparators each were suitable for our
investigation, and needs to be further investigated [66].
Additionally, it is necessary to standardize clinical out-
comes in general, and especially in the treatment sec-
tion to facilitate meta-analyses, thereby ensuring robust
evidence.

Additional files

Additional file 1. Detailed search strategy of electronic database
search of PubMed and the Cochrane Central Register of Controlled Trials
(CENTRAL).

Additional file 2: Table S4. Table of drug doses used throughout the
analyzed studies.
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