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Abstract: Many studies have reported the beneficial effects of dex-

medetomidine on postoperative neurocognitive function but overall

evidence is not as clear. We examined this conundrum by meta-

analyzing studies that used dexmedetomidine in perioperative con-

ditions or as intensive care unit (ICU) sedation and utilized reliable

neurocognitive assessment tests.

The literature search was undertaken across several electronic

databases including EBSCO, Embase, Google Scholar, Ovid SP,

PubMed, Scopus, and Web of Science.

Literature search was carried out across several electronic databases

and relevant studies were selected after following precised inclusion

criteria. Meta-analysis of risk differences (RDs) was carried out and

subgroup analyses were performed.

Twenty studies were selected from which data of 2612 individuals

were used. Initial dexmedetomidine dose was 0.68� 0.27 and main-

tenance dose was 0.54� 0.32 in the trials. Dexmedetomidine treatment

was associated with significantly lower risk of postoperative/posta-

nesthesia neurocognitive dysfunction both in comparison with saline-

treated controls (RD [95% confidence interval, CI]: �0.17 (�0.30,

�0.04); P¼ 0.008) and comparators (�0.16 [�0.28, �0.04];

P¼ 0.009). In the subgroups analyses, however, there was no significant

differences between dexmedetomidine and controls/comparators when

studies with confusion assessment method for ICU only (RD: �0.10

(�0.22, 0.02); P¼ 0.1) or midazolam as comparator only (RD: �0.26

(�0.60, 0.07); P¼ 0.12) were meta-analyzed.

Dexmedetomidine use in the perioperative conditions or as ICU

sedation is associated with lower risk of neurocognitive dysfunction.

There can be some impact of neurocognitive assessment method, drug

interactions, and clinical heterogeneity on the overall outcomes of this
u, MD, and Chengjie Gao, MD

Abbreviations: CAM-ICU = confusion assessment method for
intensive care unit, DSST = digital symbol substitution test, MMSE

= minimental state examination, RCTs = randomized clinical trials,

RD = risk difference.

INTRODUCTION

I t is well-recognized that intensive care unit (ICU) survivors
face a high risk for cognitive impairment that may persist

much longer after recovery.1 Emergence delirium is an acute
form of brain dysfunction that can become dangerous and result in
serious consequences for the patient including injury, severity in
pain, hemorrhage, and self-extubation.2 Such a form of neuro-
cognitive dysfunction affects up to 80% of mechanically venti-
lated ICU patients and is a predictor of cognitive impairment in
elderly patients without critical illness.1 The main risk factors for
postoperative cognitive impairment and decline include increas-
ing age, low education level, and severity as well as duration of
surgery3; besides, preoperative benzodiazepines use and surgery
type are also identified as risk factors.2

Dexmedetomidine is a potent, highly selective a-2 adre-
noceptor agonist that mediates its effects via the G-protein in the
central nervous system to inhibit sympathetic nerve firing
leading to reduction in blood pressure and heart rate, sedation,
and anxiolysis.4 In healthy young individuals, electroencepha-
lography of sleep spindles shows that the sedative effects of
dexmedetomidine resemble S2 sleep in humans.5 Infusion of a
small dose of dexmedetomidine in healthy individuals provides
sedation that is arousable with verbal commands.6 Dexmede-
tomidine manifests its effects in a dose-dependent manner
without respiratory depression.7

Introduced primarily as an alternative to propofol or benzo-
diazepines, dexmedetomidine has also shown promising poten-
tials in preventing postoperative delirium8 presumably because of
its g-aminobutyric acid receptor-sparing activity.9 However, a
meta-analysis could not find significant effect in delirium risk
reduction with dexmedetomidine.10 On the other hand, a recent
systematic review found promising potentials of dexmedetomi-
dine in this regard.11 In order to further refine the present day
evidence, this study systematically reviewed and meta-analyzed
the randomized clinical trials (RCTs) that utilized dexmedeto-
midine with general anesthesia perioperatively or as ICU sedation
and assessed postoperative/postinfusion neurocognitive function
by using a reliable cognitive assessment test.

METHODS
e based on previous published studies,
al and patient consent are required.
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Literature Search
The literature search was undertaken across several

electronic databases including EBSCO, Embase, Google Scho-
lar, Ovid SP, PubMed, Scopus, and Web of Science. The major
MeSH and other keywords—dexmedetomidine, analgesia,
anesthesia, surgery, perioperative, postoperative, intraoperative,
premedication, cognitive dysfunction, cognition, neurocogni-
tive, brain function, delirium, emergence agitation, minimental
state examination (MMSE), digital symbol substitution test
(DSST), adapted cognitive examination, confusion assessment
method for ICU (CAM-ICU), randomized trial, clinical trial,
etc—were used in different logical combinations and phrases.
The search encompassed original research articles published
between 1985 and 2014.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: studies with

medical/surgical/ICU patients or that used dexmedetomidine
experimentally to healthy individuals in order to examine the
effects of dexmedetomidine on the incidence of neurocognitive
dysfunction in the postanesthesia period; used suitable controls/
comparators; and utilized a valid neurocognitive assessment
tool to diagnose and measure the neurocognitive function and
provided the incidence of the neurocognitive dysfunction as
number of events. Exclusion criteria were as follows: studies
examining mental state by means other than the use of a
neurocognitive assessment tool; studies examining the effects
of dexmedetomidine on memory; case reports or case series;
and studies with relevant but inadequate information for the
meta-analysis of risk differences (RDs).

Quality Assessment of Trials
The Cochrane Collaboration Risk of Bias Assessment

Tool for the assessment of RCTs12 was used for the quality
assessment of the randomized controlled trials included in
this meta-analysis. This tool examines internal validity of the
trial, and risk of bias in various phases of trial conduct and
outcome analyses. Each of the individual studies was also
thoroughly evaluated with respect to study design, method-
ology, outcome dissemination and interpretation, and strengths
and limitations.

Data Extraction, Synthesis, and Statistical
Analysis

Important information including outcome measures, anes-
thetic dosage and usage, surgery type and duration, and partici-
pants’ demographic characteristics were obtained from
identified articles and synthesized on datasheets for use in
the meta-analyses by 2 researchers independently. Interrater
reliability was good (Cohen k¼ 0.95).

Meta-analyses were carried out with the RevMan software
(Version 5.2; The Cochrane Collaboration, 2008) under fixed
effects model as well as random effects model (REM). Neuro-
cognitive dysfunction events presented in the individual studies
were used to calculate the RDs between dexmedetomidine-
treated and control or comparator-treated patients and then an
overall effect was generated which was a weighted average of
the inverse variance adjusted effect sizes of individual studies
(RD, along with 95% confidence interval).

Li et al
Statistical heterogeneity between studies was tested by I2

index. Sensitivity analyses were performed, wherever necess-
ary. Visual examinations of the asymmetry of the funnel plots
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were performed as a proxy measure of the rough assessment of
selection biases, including publication bias.

Subgroup analyses were carried out in order to evaluate the
impact of dose concentration, mode of dexmedetomidine
administration, type of neurocognitive assessment test, and
comparator type on the overall results. For each variable,
subgroup pair was first defined and then meta-analyzed. The
effect sizes of each member of a subgroup pair were subjected to
x2 test for examining the significance of difference.

RESULTS
Twenty studies13–32 were selected for the meta-analyses.

A flowchart of the study screening and selection process is
given as Figure 1. Data of 2612 patients and healthy individuals
from the included studies are used for this meta-analysis.
Demographic characteristics as mean� standard deviation
(range) of these individuals were age, 53� 9 (14–75) years;
weight, 63� 7.5 (58–78) kg; and height, 165� 6.6 (155–
177) cm. There were no significant differences between the
comparative groups in the included studies with respect to age,
weight, and height.

Major characteristics of the included studies relevant to the
present study are presented in Table 1 and the quality assess-
ment of the included studies is presented in Table 2. Quality of
the included studies was moderate to good, in general. Selec-
tions biases including publication bias were also minimal as
depicted by the funnel plot (Figure S1, http://links.lww.com/
MD/A221).

Of the included studies, 413–16 recruited healthy individ-
uals in crossover designs, and 1617–32 recruited ICU medical/
surgical patients. Mode of dexmedetomidine administration
in the studies that recruited patients was intraoperative in
10, postoperative in 3, and ICU sedation in 3. In these
studies, initial dose of dexmedetomidine (mean� standard
deviation) was 0.68� 0.27 (initial) and maintenance dose
was 0.54� 0.32.

Neurocognitive assessment was carried out with CAM-
ICU in 7, DSST in 4, and MMSE in 4 studies, and 1 study each
utilized intensive care delirium screening checklist, trail making
test, montreal cognitive assessment test, Stroop color word
interference test, and sedation–agitation scores.

Main findings of the meta-analysis are summarized in
Table 1. Pooling of data from 3 studies with healthy individ-
uals13–15 showed that dexmedetomidine treatment decline neu-
rocognitive function in a dose-dependent manner (Figure 2) and
2 studies16,17 also demonstrated that dexmedetomidine antag-
onization with atipamezole can reverse neurocognitive decline
in healthy individuals.

Dexmedetomidine treatment was associated with signifi-
cantly lower risk of neurocognitive dysfunction in the post-
operative/postanesthesia period. In the overall meta-analysis,
RD (95%) was �0.16 (�0.25, �0.08); P¼ 0.0002; REM
(Figure 3), whereas, it was �0.17 (�0.30, �0.04); P¼ 0.008;
REM between dexmedetomidine and saline-treated patients and
�0.16 (�0.28, �0.04); P¼ 0.009; REM between dexmedeto-
midine and comparator-treated patients.

In the subgroup analyses, however, there was no signifi-
cant difference between dexmedetomidine and control/com-
parators when studies with CAM-ICU only (RD:�0.10 (�0.22,
0.02); P¼ 0.1; REM; Figure 4) or midazolam as comparator

Medicine � Volume 94, Number 14, April 2015
only (RD:�0.26 (�0.60, 0.07); P¼ 0.12; REM; Figure 5) were
meta-analyzed. Outcomes of other subgroup analyses are pre-
sented in Table 3.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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When the effect sizes of submeta-analyses were subjected
to a x2 test in order to test the between subgroup differences,
there were no significant differences in the outcomes between
the subgroup pairs—CAM-ICU versus MMSE neurocognitive
assessment; midazolam versus propofol as comparators
(Table 1; Figures 4 and 5); dexmedetomidine maintenance dose
of equal to or above versus under median (0.425 mg/kg/h); and
intraoperative versus postoperative/ICU-sedation dexmedeto-
midine administration (Table 1; Figures S2 and S3, http://
links.lww.com/MD/A221 in supplementary material).

DISCUSSION
This meta-analysis has revealed that dexmedetomidine use

significantly reduces the risk of neurocognitive dysfunction in
the postinfusion period in comparison with saline as well as with

FIGURE 1. Flowchart of study screening and selection process.
comparator anesthetics. However, in the subgroup analyses, a
meta-analysis of 7 studies that utilized CAM-ICU for neuro-
cognitive assessment, no significant difference between

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
dexmedetomidine and comparators/controls-treated patients
was found. Moreover, meta-analysis of 4 studies that used
midazolam as comparator anesthetic also could not meet with
any significance difference. These findings indicate that there
can be some impact of the neurocognitive assessment method,
dexmedetomidine dosage, and clinical heterogeneity on the
overall outcomes of postoperative/postinfusion neurocognitive
function as well as its assessment.

Some studies with relevant information could not be
included in the present meta-analysis because of the eligibility
criteria of the present study. Among these, Ji et al,33 who
retrospectively analyzed the outcomes of over 1000 patients
who underwent coronary artery bypass surgeries, could not find
any significant difference in the incidence of neurocognitive
events between dexmedetomidine-treated and control patients.
These authors defined delirium as ‘‘illusions, confusion, and

cerebral excitement in the postoperative period and having a
comparatively short course.’’ In a similar retrospective analysis,
Dasta et al34 also could not find any significant difference in the
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TABLE 2. Risk of Bias Assessment in the Included Studies

Other
Bias

Selective
Reporting

Incomplete
Outcome

Data

Blinding of
Outcome

Assessment

Blinding of
Participants/

Personnel
Allocation

Concealment

Random
Sequence
Generator

Angst et al, 200413 L L L L L L L
Ebert et al, 200014 L L L H H H H
Khan et al, 199915 L L L L L L L
Schienin et al, 199816 L L L L L L L
Aho et al, 199117 L L L L L L L
Aydogan et al, 201318 L L L L L L L
Chen et al, 201319 L L L L L L L
Chueng et al, 201120 L L L L L L L
Devlin et al, 201421 L L L L L L L
Jakob et al, 201222 L L L L L L L
Kim et al, 201323 L L L L L L L
Moldanado et al, 200924 L L L H H H L
Mohamed et al, 201425 L L L L L L L
Pandharipande et al, 200726 L L L L L L L
Park et al, 201427 L L L H H H L
Riker et al, 200928 L L L L L L L
Ruokonen et al, 200929 L L L L L L L
Shehabi et al, 200930 L L L L L L L
Zhang W et al, 201431 L L L H H H L
Zhang Y et al, 201432 L L L L L L L
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incidence of delirium between dexmedetomidine–propofol–
midazolam-treated and only propofol–midazolam-treated
patients where the diagnosis guidance was based on ICD-9-
CM (International Classification of Diseases, 9th Revison,
Clinical Modification, codes 292.81, 293.1). Martin et al35

against control, and Herr et al36 and Terao et al37 against propofol
found no significantly different effects of dexmedetomidine in
the incidence of confusion and agitation as adverse events.

Among others, Bekker et al38 in a RCT compared dexme-
detomidine treatment with saline (both with propofol and fenta-

H¼ high risk, L¼ low risk, U¼ unclear risk.
nyl) in patients with major spinal surgery and found that MMSE
scores dropped significantly from baseline on postoperative day 1
and a significant difference persisted between dexmedetomidine

FIGURE 2. Synthesis of 3 studies13,14,16 that evaluated the dose–resp
increase in the dose parallels percent change from baseline in the pe

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
and saline-treated groups 3 days after surgery. Ohtsuka39 found
that postoperative dexmedetomidine administration to elderly
patients with cognitive impairment manifested beneficial effects
in preventing neurocognitive dysfunction-related effects. Bus-
tillo et al40 have reported that neurocognitive testing was not
possible even at 1 hour after the cessation of infusion when they
administered dexmedetomidine to individuals requiring inter-
ventional neuroradiologic procedures.

It has been opined that one possible mechanism of dex-
medetomidine action can be its dose-sparing effects for other

anesthetics such as lorazepam.26 It is well recognized that a-2
agonists especially dexmedetomidine possess anesthetic and
analgesic-sparing effects.41,42 Moreover, synergistic effects of

onse relationship of dexmedetomidine. From left to right, percent
rformance of a neurocognitive test of the healthy volunteers.
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FIGURE 3. Forest graph showing the results of the meta-analyses of risk differences between dexmedetomidine and controls/comparators
in the performance of a neurocognitive assessment test. Study identities follow comparator (L, lorazepam; M, midazolam; Mor, morphine;
P, propofol; R, remifentanil) and neurocognitive assessment test name. CAM-ICU ¼ cognitive assessment method for intensive care unit,
DSST¼ digital symbol substitution test, ICDSC¼ intensive care delirium screening checklist, MCAT¼Montreal cognitive assessment test,
MMSE ¼ minimental state examination, SAS ¼ sedation–agitation score, SCWIT ¼ Stroop color word interference test.

FIGURE 4. Forest graph showing the results of a subgroup meta-analysis of the studies that utilized CAM-ICU versus all other
neurocognitive assessment tools. CAM-ICU ¼ cognitive assessment method for intensive care unit, DSST ¼ digital symbol substitution
test, ICDSC ¼ intensive care delirium screening checklist, MCAT ¼ Montreal cognitive assessment test, MMSE ¼ minimental state
examination, SAS ¼ sedation–agitation score, SCWIT ¼ Stroop color word interference test.

Li et al Medicine � Volume 94, Number 14, April 2015
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FIGURE 5. Forest graph showing the results of a subgroup meta-analysis of the studies that utilized midazolam versus all other
comparators. CAM-ICU¼ cognitive assessment method for intensive care unit, DSST¼ digital symbol substitution test, ICDSC¼ intensive

ssm
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dexmedetomidine with benzodiazepines are also reported.43 In
the trial of Jakob et al,22 although there was no significant
difference in the incidence of neurocognitive dysfunction
events in comparison with midazolam, dexmedetomidine
administration led to significantly lower incidence of neuro-

care delirium screening checklist, MCAT ¼Montreal cognitive asse
agitation score, SCWIT ¼ Stroop color word interference test.
cognitive dysfunction when compared with propofol. On the
other hand, dexmedetomidine has also been found to prevent
sevoflurane-induced emergence agitation in children when

TABLE 3. Outcomes of the Meta-Analyses and Subgroup Analyse

Risk Difference (95% CI)

Comparison Studies Patients
Fixed
Effect

Overall 15 2476 �0.12 (�0.15, �0.08); P< 0.0
DEX vs control (saline) 7 500 �0.17 (�0.25, �0.10); P< 0.0
DEX vs comparator 8 1976 �0.10 (�0.14, �0.06); P< 0.0

Subgroups
Studies

Studies/
Patients

Risk D
Tre

D1 DEX dose
�

over median (0.45 mg/kg/h) 7 (1685) �0.17 (�
D2 DEX dose

�
under median (0.45 mg/kg/h) 5 (434) �0.20 (�0

O1 Intraoperative DEX administration 7 (745) �0.14 (�0
O2 Postoperative DEX administration 6 (1731) �0.18 (�0
T1 Confusion assessment method for ICU 7 (1886) �0.10 (�
T2 All other tools 8 (591) �0.23 (�0.
C1 Dexmedetomidine vs midazolam 4 (894) �0.26 (�
C2 Dexmedetomidine vs propofol 5 (1087) �0.12 (�0

CI ¼ confidence interval, DEX¼ dexmedetomidine, ICU ¼ intensive ca�
Maintenance dose.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
administered 5 minutes before the end of surgery44 that shows
that interactions with other drugs also play a role in manifesting
effects of dexmedetomidine.

Several factors are needed to be taking into account while
interpreting the results of trials examining efficacy of dexme-

ent test, MMSE¼minimental state examination, SAS ¼ sedation–
detomidine in postoperative neurocognitive function. Among
these, the equivalence of dosing while using a comparator
anesthetic45,46 and the outcome measure reliability47 are more

s

Between DEX Treated and Controls

Random
Effect I2, %

I2 After Sensitivity
Analyses, %

0001 �0.16 (�0.25, �0.08); P¼ 0.0002 84 79
0001 �0.17 (�0.30, �0.04); P¼ 0.008 67 50
0001 �0.16 (�0.28, �0.04); P¼ 0.009 89 81

ifference (95% CI) Between DEX
ated and Control Individuals

Between Subgroup
Significance Analysis

0.32, 0.03); P¼ 0.02; REM; I2¼ 90% x2¼ 0.05; P¼ 0.82; I2¼ 0%
.33, �0.07); P¼ 0.003; REM; I2¼ 55%
.23, �0.05); P¼ 0.002; REM; I2¼ 56% x2¼ 0.17; P¼ 0.68; I2¼ 0%
.32, �0.03); P¼ 0.02; REM; I2¼ 92%
0.22, 0.02); P¼ 0.1; REM; I2¼ 90% x2¼ 2.02; P¼ 0.15; I2¼ 51%

35, �0.10); P¼ 0.0003; REM; I2¼ 72%
0.60, 0.07); P¼ 0.12; REM; I2¼ 95% x2¼ 0.64; P¼ 0.42; I2¼ 0%
.21, �0.04); P¼ 0.003; REM; I2¼ 90%

re unit, REM ¼ random effects model.

www.md-journal.com | 7



important. In the present study, these factors might have
also played role in determining the overall effect size as the
statistical heterogeneity was higher. Moreover, there was dis-
agreement in the results with different neurocognitive assess-
ment tools. Studies have also shown that hypoactive delirium is
more common than agitational delirium (61% vs 8%), but the
identification of hypoactive delirium is difficult under normal
neurocognitive tests.48

For this meta-analysis, neurocognitive dysfunction events
on the first postoperative/postinfusion day were taken into
account because of the less availability of data for later days.
This is an important limitation. Clinical and methodological
heterogeneity between the included studies may also have
impact on the overall results that is also evident from statistical
heterogeneity that was higher in the overall meta-analysis and
some submeta-analyses.

CONCLUSION
Dexmedetomidine treatment during perioperative con-

ditions or as ICU sedation has been found to be associated
with significantly better neurocognitive function of the patients,
but factors such as neurocognitive assessment method, drug
interactions, and clinical heterogeneity may have impacts on
these results. Further studies are required to refine the evidence
achieved herein.
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