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Objective: The aim of the current meta-analysis was to assess the effect of dexmedetomi-
dine on emergence agitation (EA) and the recovery outcomes after general anesthesia in
adults.

Methods: We searched the PubMed, the Cochrane Central Register of Controlled Trials,
Embase, Web of Science and clinicaltrials.gov for relevant randomized controlled trials
(RCTs) investigating the effects of dexmedetomidine on the EA in adults after general
anesthesia compared with placebo. The primary outcome was the incidence of EA.
Secondary outcomes included other recovery outcomes after general anesthesia.

Results: Twelve RCTs (842 participants) met the eligibility criteria. A conventional random-
effects meta-analysis demonstrated that peri-operative intravenous dexmedetomidine could
be effective for the prevention of EA [risk ratio (RR) 0.49, Trial Sequential Analysis (TSA)-
adjusted 95% confidence interval (CI) 0.35-0.68, P<0.00001]. In addition, the TSA indicated
that the meta-analysis for the incidence of EA reached the required information size (370).
Lower number of patients receiving dexmedetomidine required analgesia (P=0.0009).
Extubation time was longer (P=0.03) and hypotension (P=0.03) was more common with
dexmedetomidine. Moreover, no difference was found in the other outcomes.

Conclusion: Dexmedetomidine was shown to effectively decrease the incidence of EA and
to reduce postoperative analgesic requirements. Yet, other recovery outcomes including
extubation time, length of PACU stay, postoperative residual sedation, hypotension, brady-
cardia as well as postoperative nausea and vomiting provided no data that could be used to
form final conclusions.

Keywords: dexmedetomidine, emergence agitation, adults, general anesthesia, meta-
analysis

Introduction

Emergence agitation (EA), also known as emergence delirium, is defined as a transient
impairment of consciousness that occurs during the early stage after general
anesthesia.'” It is now considered as a common postoperative complication found in
children and adults in post-anesthesia care unit (PACU).>* Previous studies have
suggested that the prevalence of EA in adults varies from 4.7% to 21.3%.%>° EA has
complex manifestations that can suddenly become dangerous and lead to serious
consequences, such as increased pain intensity, hemorrhage, accidental self-extubation
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and catheter removal.’ In addition, even EA in the recovery
room could help to predict postoperative delirium after hip-
fracture repair and has been associated with increased total
length of hospital stay.”* Thus, strategies have been sought to
reduce the incidence of EA and improve the postoperative
conditions with various measurements.”'°

As a highly specific a,-adrenoreptor agonist,'""'? dex-
medetomidine is considered an effective drug to treat EA
in children."*'> However, there are few systematic
reviews and meta-analysis on the use of dexmedetomidine
for prevention of EA in adults.'® Recently, quite a few
studies have examined the effect of different infusion
modes of dexmedetomidine on EA, which were unfortu-
nately marked by substantial clinical and statistical hetero-
geneities that might undermine a precise estimation of the
total dexmedetomidine treatment effect.'®!”-'®

Consequently, this meta-analysis was conducted to
assess the efficacy and safety of dexmedetomidine for

preventing EA in adults after general anesthesia.

Materials and methods

Protocol and registration

The current meta-analysis was conducted and presented in
accordance with the criteria of the PRISMA statement and
the current recommendations of the Cochrane
Collaboration.' ! The protocol was registered in the

PROSPERO (ID: CRD42017065915).

Inclusion and exclusion criteria

Articles that met the following criteria were included: 1)
original and independent randomized controlled trial
(RCT), 2) the interventions that included treatment with
dexmedetomidine versus placebo (normal saline) regard-
less of administration modes; and 3) patients >18 years old
with American Society of Anesthesiologists (ASA) physi-
cal status of I-IIl. Exclusion criteria: 1) patients with
cognitive dysfunction; 2) patients undergoing neurosur-
gery or cardiac surgery; 3) dexmedetomidine admini-
strated via any non-intravenous route, such as
intravertebral or intranasal routes; and 4) abstracts or arti-

cles without complete data.

Search strategy and study selection

Two authors independently searched and retrieved relevant
studies from the following databases: PubMed, EMBASE,
Web of Science and Cochrane Library. This search strat-
egy combined medical subject headings (MeSH), Emtree

text words and controlled vocabulary terms relating to
dexmedetomidine and EA that were limited to English-
language literature for practical reasons. Details of the
search strategy are presented in the Appendix. The most
recent search was performed on October 25, 2017. In
addition to the planned literature search, we have also
examined www.clinicaltrials.gov for completed studies.

The titles and article abstracts were independently
identified, and any disagreement between the authors was
settled by discussion with a third author until a consensus
was reached. If there was a potential correlation, a full-text
search was performed. During the review, the reasons for
the exclusion of each publication were indicated. In addi-
tion, reference lists of relevant reviews, meta-analysis and
included studies were examined to identify potentially
relevant additional studies. Endnote X7 was used for com-
bining and removing duplicate citations.

Data extraction and outcome measures
The data extraction was conducted independently by two
co-authors. Any discrepancies were resolved by reexamin-
ing the source data as a first resort, followed by consulting
with a third author. The following study characteristics and
relevant clinical outcomes were extracted: the first author,
year of publication, sample size, age, type of surgery, ASA
status, detailed intervention of dexmedetomidine and out-
comes of interest.

A priori hypothesis for sources of

variability in effect sizes

We made a priori hypothesis for sources of variability in
effect sizes and we considered the following factors that
may affect the efficacy of dexmedetomidine on EA: 1) age
of participants, 2) type of anesthesia, 3) timing of the
administration of dexmedetomidine, 4) type of surgery
and 5) sample size. Therefore, we tested whether these
factors affected the efficacy of dexmedetomidine and if
they could explain the heterogeneity in the study.

Risk of bias in individual studies

The quality of the included trials was independently assessed
by two authors according to the guidelines of the Cochrane
Reviewer’s Handbook.”> The following six aspects were
assessed: 1) sequence generation, 2) concealment of alloca-
tion, 3) method of blinding, 4) completeness of outcome data,
5) selective outcome reporting and 6) other sources of bias.
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Data analysis

Summary measures and synthesis of results
Random-effects models were used to determine the dex-
medetomidine effect a priori for random-effects models
dealing more rationally with heterogeneity.> For dichot-
omous outcomes, the relative effect sizes were calculated
as relative risk (RR) with 95% confidence intervals (95%
CIs). For continuous outcomes, standard mean difference
(SMD) with 95% CIs was performed. The heterogeneity y
was calculated as the I for the variation due to
heterogeneity.***’

Due to sparse data and the repeated testing of cumu-
lative data, and since meta-analysis may bring about
type I errors, trial sequence analysis (TSA) was applied
for primary outcomes. Trial sequential analysis was
performed to estimate the necessary sample size for
the meta-analysis to be reliable and conclusive, and to
determine the statistical boundaries for efficacy and
futility.?*>° The required information size (RIS) and
the trial sequential monitoring boundaries (the statistical
significance test before reaching the RIS) provided rele-
vant information necessary to estimate the level of evi-
dence for an experimental intervention and whether
additional evidence and further trials were needed.
Two-sided tests with type I error of 5% and power of
90% were used. We performed random-effects models
for analysis, and the adjusted 95% CI was calculated at
the same time. Computational problems occurred if no
events were observed in one or both groups in an
individual study. We used a constant continuity correc-
tion of 0.01 to process “zero event” tests by increasing
the continuity correction factor for the number of events
and non-events in each intervention group by using the
TSA software v.0.9.5.10 Beta. We made a priori hypoth-
esis that dexmedetomidine might significantly reduce the
incidence of EA and we calculated the relative risk
reduction (RRR) and the incidence of control group
(Pc) based on the raw data from the meta-analysis for
the outcome EA (RRR =52.6%, Pc =45.9%).

Publication bias

Funnel plots were proposed as means for detecting pub-
lication bias, while the exaggeration of treatment effects in
small studies of low quality provided a plausible alterna-
tive mechanism for funnel-plot asymmetry.*' Small-study
effects can be observed due to real differences in the
relative effectiveness in small and large trials. Therefore,
the funnel plots were used for the qualitative data and

Egger’s regression test for quantitative data and small-
study effects.*” To disentangle the effects of heterogeneity
caused by sample size and publication bias, we used a
contour-enhanced funnel plot.*?

Meta-regression, subgroup analysis and sensitivity
analysis

Regression analysis was performed according to the a
priori hypothesis to explore whether the aforementioned
factors affected the effectiveness of dexmedetomidine and
whether these variables were partially involved in the
observed heterogeneity. The results from meta-regression
are based on observational evidence, and since these stu-
dies cannot be randomized for specific characteristics, the
results should be interpreted with caution. We aimed to
explain the heterogeneity of the studies through these
covariates.>* Based on the results of meta-regression ana-
lysis, we performed subgroup analysis to quantitatively
explore the effectiveness of drug across different
subgroups.

A recent study has indicated that the estimation of the
outcome in the meta-analysis differs depending on the
method used, which may lead to significant changes in
the outcome.®” Sensitivity analysis was used to overcome
this problem, by repeating the analysis after removing one
study at a time, which showed the effect of each study on
the overall effect size and heterogeneity.

Software used

RevMan 5.3 (The Cochrane Collaboration, Copenhagen,
2014) was used to carry out traditional meta-analysis, assess
the risk of bias and draft a PRISMA flow diagram. The meta-
regression and publication bias were analyzed in STATA
version 12.0 (STATA Corp., USA). The TSA software ver-
sion 0.9.5.10 beta (Copenhagen Trial Unit, Denmark, 2011)
was used for TSAs.

Results

After a systematic retrieval, 694 relevant documents were
identified. Only 30 RCTs were included as potentially
eligible after reviewing of the titles and abstracts. After
full-text search and review, 10 clinical studies were con-
sistent with our inclusion criteria.>'"'®3¢42 After the
citation search, another RCT was identified.** Therefore,
11 studies including 12 RCTs (842 participants) resulted
eligible and were included in the study. The PRISMA flow
diagram is shown in Figure 1.
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Records identified through
database searching

(n =692)
* PubMed (n = 122)
* Web of Science (n = 238)
* Cochrane library (n = 132)
* Embase (n = 200)

* Clinical trials.gov registers (n = 1)
* Screening previous references (n = 1)

Additional records identified
through other sources

(n=2)

l

l

Records after duplicates removed
(n=324)

|

Records screened
(n=324)

Records excluded
(n =294)

l

(n = 30)

Full-text articles assessed for eligibility

Full-text articles exluded,
with reasons (n = 19)

l

* No primary outcomes

(n=11)

Studies included in qualitative synthesis

suitable for analysis (n = 8)
* Participants all wth

l

emergence agitation (n = 1)

(meta-analysis)
(n=12)

Studies included in quantitative synthesis

* Without placebo controlled
(n=1)
* Publication in Chinese (n = 9)

Figure | Flow diagram of the literature search.

Characteristics of the studies included
The detailed characteristics of the included studies are

presented in Table 1. Several types of surgery were

36-38,42,43

included: ENT surgery, oral and maxillofacial

surgery,'®

trointestinal surgery*' and urological surgery.*” Patients

217 thoracic surgery,*® gas-

orthopedic surgery,
were kept in the PACU after surgery in all trails. The
paper of Kim et al was divided into two RCTs in accor-
dance with methods of anesthesia;®> where one was per-
formed with total intravenous anesthesia, and the other
with intravenous-inhalation combined anesthesia.

Risk of bias in included studies

Using the guidelines from the Cochrane Reviewer’s
Handbook, our team assessed the risk of bias for each
RCT included in the study. Cochrane risk of bias analysis
is shown in Figure 2.

Publication bias

A visual inspection of the funnel plot showed an asymme-
try. This finding was further evaluated by conducting
Eggers test for small-study effects (regression line show-
ing the association between SE and effect size embedded
in the funnel plot), which gave a P-value of 0.001, clearly

suggesting the presence of small study effects (Figure 3A).
Small-study effects may be caused by publication bias or
true differences between small and large studies. By draw-
ing a contour-enhanced funnel plot, small nonpositive
studies were missing (from the white area), thus suggest-
ing that the omission of small negative studies may be
causing asymmetry in the funnel plot (Figure 3B).

Meta-analysis of outcomes
Incidence of emergence agitation
Twelve RCTs (842 participants) reported the incidence of EA.
The results suggested that dexmedetomidine could decrease
the incidence of EA in patients after general anesthesia (RR
0.49, 95% CI 0.36-0.66, P<0.00001, 1’=49%). Sensitivity
analysis did not find any source of heterogeneity among
studies.

Based on the a priori hypothesis and principles of

meta-regression, we conducted a meta-regression
analysis of the relevant studies from three
perspectives: types of anesthesia (total intravenous

anesthesia TIVAZ*! or intravenous-inhalation combined

2.17.18.36-4042.43y " timing of administration of

2,36,38,39,41,43/

anesthesia

dexmedetomidine  (pre-operative intra-

operative®***/ postoperative'’-'#4°

(5602,37—39,41,42 or >6017,1 8,36,40,43

) and sample size
). The analysis showed
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Figure 2 Risk of bias in the included randomized controlled trials.

might reduce the degree of postoperative pain and the
number of patients requiring analgesics in PACU (RR
0.66, P=0.0009, 1°=0%; Table S4).

Adverse effects

Adverse effects included residual sedation,!”2>%43
. 17,18,36,38-43 . _18,36,38-40,42,43
hypotension,” ">~ bradycardia > e and

2,17,18,36-43

postoperative nausea and vomiting (PONV).
The pooled results demonstrated that dexmedetomidine

could increase the incidence of hypotension (RR =2.37,
P=0.03, 12=34%). Besides, dexmedetomidine did not have
a significant effect on residual sedation (P=0.24), even
though the Ramsay sedation score was increased in
patients. Moreover, there was no significant reduction in
the incidence of PONV in the dexmedetomidine group
(P=0.10), as well as the incidence of bradycardia (P=0.05).

Discussion

Conventional meta-analysis of random-effects models
showed that dexmedetomidine could decrease the inci-
dence of EA after general anesthesia in adults (RR 0.49,
TSA-adjusted 95% CI 0.35-0.68, P<0.00001). Sensitivity
analysis suggested that the results of the meta-analysis
were robust. In addition, TAS showed that the information
size of the study reached RIS (370). According to the
current data, the peri-operative intravenous dexmedetomi-
dine might have a significant effect in the prevention of
EA compared with placebo in adults.

There remains lots of queries and incomprehension
about EA. So far, the etiology of EA deriving from numer-
ous factors has been described, including male gender,
inhalational anesthetics, pain, otolaryngological surgery
and the presence of a tracheal tube and/or urinary
catheter.® And we found several of these factors such as
all male patients included, inhalational anesthetics admin-
istration and otolaryngological surgery existed in the trial
of Jung et al, resulting in a high incidence of EA (94.7%)
in control group.’” Thus, various drugs and techniques
have been applied to control EA. Arthura D. Moore et al
found that adjunctive agents can be rated in the following
order of most effective to least effective interventions:
dexmedetomidine, fentanyl, ketamine, clonidine and pro-
pofol bolus at the end of sevoflurane-based anesthesia.*’

Dexmedetomidine exhibits sedative, anxiolytic and
analgesic properties by inhibiting the release of norepi-
nephrine mediated through alpha-2 adrenergic receptors in
the locus ceruleus and spinal cord.*® Moreover, it could not
lead to respiratory depression or excessive sedation through
accumulation, as propofol and midazolam did. Therefore,
dexmedetomidine was used not only as an ideal short-term
sedative for patients with mechanical ventilation in inten-
sive care units but also for the prevention or treatment of
postoperative agitation and delirium.*’~*°

The current meta-analysis showed that the number of
patients requiring rescue analgesia in dexmedetomidine
group was significantly decreased, just as VAS scores.
Nevertheless, pain itself resulted as a predisposing factor
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Dexmedetomidine Control

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl

1.1.1 Pre-operative

Hina et al. (2015) 13 50 25 50 11.9%
Kim et al.(T) (2015) 3 30 13 30 5.0%
Kim et al. (2013) 14 50 26 50 12.3%
Kim et al.(S) (2015) 3 27 21 28 5.4%
Kwon et al. (2016) 3 30 1" 30 4.8%
Polat et al. (2015) 6 30 14 30 8.0%
Yun et al. (2016) 2 30 8 30 34%
Subtotal (95% Cl) 247 248  50.7%
Total events 44 118

Heterogeneity: Tau?=0.04; Chi?=7.44, df=6 (P=0.28); ’=19%

Test for overall effect:Z=5.30(P<0.00001)

1.1.2 Intra-operative

Jung et al. (2015) 12 19 18 19 15.3%
Xu etal. (2016) 7 30 16 30 9.0%
Subtotal (95% Cl) 49 49  24.3%
Total events 19 34

Heterogeneity: Tau?=0.03; Ch?=1.36, df=1 (P=0.24); ’=26%

Test for overall effect:Z=2.41 (P<0.02)

1.1.3 Postoperative

Ham et al. (2014) 13 34 17 36 11.8%
Lee et al. (2016) 0 50 7 50 1.0%
Yang et al. (2015) 15 39 18 40 122%
Subtotal (95% Cl) 123 126  25.0%
Total events 28 42

Heterogeneity: Tau?=0.11; Chi?=3.51, df=2(P=0.17); *=43%
Test for overall effect:2=0.96 (P<0.34)

Total (95% Cl)
Total events 91 194
Heterogeneity: Tau?=0.11; Ch?=21.57, df=11 (P=0.03); 2=49%
Test for overall effect:Z=4.74 (P<0.00001)

Test for subgroup difference: Chi?=4.50, df=2 (P=0.11); [’=55.5%

419 423 100.0%

Figure 4 Subgroup analysis of timing of administration of dexmedetomidine.

for the development of EA,*° thus suggesting that the
agitation-sparing pharmacoprophylaxis could provide a
new strategy to reduce postoperative pain, which would
be a better alternative to increasing putative agitation-
enhancing analgesic drugs.

In addition, dexmedetomidine exerts hypnotic proper-
ties by activating the endogenous sleep-promoting
pathway.”' A series of studies has indicated that dexme-
detomidine significantly improves the subjective sleep
quality for ICU patients after surgery.*>>> We speculated

that dexmedetomidine produced a state akin to natural
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sleep that stabilized the recovery time of the central ner-
vous system, thereby reducing the occurrence of agitation,
which is more optimal approach compared to the use of
sedative-hypnotics (such as benzodiazepines) that may
increase the incidence of emergence delirium.>?
Conventional meta-analysis demonstrated that extuba-
tion time in the dexmedetomidine group was delayed,
while the sensitivity analysis showed that these results
were not robust. A latest published study showed that
intravenous dexmedetomidine did not affect postoperative
extubation time.>* Since there were not enough data
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Figure 5 Trial sequential analysis of the effect of dexmedetomidine on the prevention of emergence agitation in adults compared with placebo. We used two-sided tests
with type | error set at 5% and power set at 90%. The variance was calculated from the data obtained from the included trials. Dexmedetomidine significantly reduced the
incidence of emergence agitation. The blue line is the cumulative Z curve, and each square frame on the dot represents | trial. The red horizontal line represents a Z score
of +1.96 and —1.96, indicating a conventional significant P-value of 0.05. The red inward lines are the trial sequential monitoring boundaries. A total of 842 patients were
analyzed, and the blue line crossed the monitoring boundary before the number reached the required information size (TSA=370), which suggested that there was a

significant difference and no more clinical trials were required to prove the hypothesis.

available and substantial clinical heterogeneity was
observed, the effect of dexmedetomidine on extubation
time remained to be confirmed by the future studies.

The results of adverse effects in our analysis should be
cautiously interpreted. What attracted attention was that
bradycardia we analyzed was increased by almost 5 times
in dexmedetomidine group. Conventional meta-analysis
demonstrated that dexmedetomidine did not significantly
increase the incidence of residual sedation, bradycardia,
PONYV, as well as hypotension. Nevertheless, there were
not enough details to clarify what each author interpreted
as unfavorable events, which had a major influence on the
results of our study. Apart from this, data on adverse
events were sparse in all studies, while some studies men-
tioned that no adverse effects were collected, which was
also known as “zero event”. Considering all of this, it was
not possible to make any conclusions regarding side
effects of dexmedetomidine because of the lack of infor-
mation. More clinical trials and samples are needed to
verify the safety of dexmedetomidine.

Since elderly people have a higher risk of postoperative
cognitive dysfunction, they have also attracted greater
attention among researchers.> Latest guidelines on post-
operative delirium have clarified that for emergence imme-
diately after surgery, agitation scales such as the RASS
were supposed to be used, which meant the early diagnosis

and treatment for cognitive impairment at any time after
surgery.'> Accordingly, we extracted the age range accord-
ing to the inclusion criteria and data reported in result
section for our subgroup analysis. Regrettably, subgroup
analysis showed that there was no significant difference
between the subgroups. Kim et al reported that EA
occurred more frequently among young people which
might be related to the elderly having slower metabolism
of sedative drugs and having a higher pain threshold.>®
The current subgroup analysis showed that compared with
placebo, dexmedetomidine might have a significant effect
in the prevention of EA whatever in the elderly or in the
non-elderly.

Nowadays, anesthesiologists focus on the route of
administration of dexmedetomidine expecting to find a
more optimal administration mode. Our results showed
that the timing of administration of dexmedetomidine
was the main source of heterogeneity among studies.
After conducting regression analysis and subgroup ana-
lysis, we found that intravenous dexmedetomidine at
the end of surgery did not benefit restlessness during
the recovery period, while a recent prospective multi-
center RCT revealed that postoperative dexmedetomi-
dine could significantly reduce the occurrence of EA.”’
We found that Ham et al have added low-dose remi-
fentanil to the experimental group and control group.'’
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Moreover, Lee and colleagues have used opioids PCA
after surgery,*® which contributed to a lower incidence
of EA.®

Limitations

We were expecting to find that dexmedetomidine used
with different doses and at different time could bring
about different effects, but subgroup analysis was not
conducted due to the small number of documents and
different clinical designs. All the included RCTs were
small sample and single center studies, which might
have led to the risk of overestimating the estimated
effect and underestimating the adverse effects. The
misalignment of the funnel plot potentially occurred
due to small sample tests and true heterogeneity
(I’=49%), rather than publication bias. In addition,
quite a few included trials had uncertain allocation
concealment, which was the bias domain most consis-
tently suggested as the source of bias effect.”® We did
not perform a detailed search for the secondary out-
comes. Therefore, there was a possibility of insuffi-
cient analysis.

Conclusion

The meta-analysis showed that peri-operative intravenous
dexmedetomidine significantly reduced the incidence of
EA and decreased the number of patients in need of rescue
analgesia. As for other recovery outcomes such as emer-
gence time, extubation time, length of PACU stay and
adverse reactions, they were not useful for drawing any
final conclusions and more researches are required to
justify it.
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