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Abstract

Objective: Emergence agitation (EA) is a common complication in children under sevoflurane anesthesia. The aim of this
meta-analysis was to evaluate the effects of intravenous dexmedetomidine on EA in children under sevoflurane anesthesia.

Methods: A comprehensive literature search was conducted to identify clinical trials that evaluated the effects of
intravenous dexmedetomidine and placebo on EA in children under sevoflurane anesthesia. The search collected trials from
MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL), Embase, and Web of Science. Analysis was conducted
using STATA version 12.0. Data from each trial were pooled using relative ratio (RR) for dichotomous data or weighted mean
difference (WMD) for continuous data and corresponding 95% confidence interval (95% Cl). Heterogeneity assessment,
sensitivity analysis, and publication bias were performed.

Results: Twelve trials, in which 459 patients received dexmedetomidine and 353 patients received placebo, were included in
this analysis. We found that intravenous dexmedetomidine decreased the incidences of EA (RR=0.346, 95% Cl 0.263 to
0.453, P<<0.001), and postoperative pain (RR=0.405, 95% Cl 0.253 to 0.649, P<<0.001). Intravenous dexmedetomidine also
prolonged extubation time (WMD =0.617, 95% Cl 0.276 to 958, P<<0.001), and emergence time (WMD =0.997, 95% Cl 0.392
to 1.561, P=0.001). Further evidences are required to evaluate the incidence of postoperative nausea and vomiting (PONV).
Sensitivity analysis strengthened evidences for lower incidences of EA, pain, and prolonged extubation time, and
emergence time. Funnel plots did not detect any significant publication bias.

Conclusion: Meta-analysis demonstrated that dexmedetomidine decreased the incidence of EA in children under

sevoflurane anesthesia.
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Introduction

Sevoflurane is a widely used inhalational anesthetic for pediatric
anesthesia because of its low pungency, low blood—gas partition
coeflicient, rapid onset, fast recovery properties, minimal cardiac
depressive effect, and low toxicity [1,2]. However, sevoflurane
anesthesia is associated with a high incidence (10%-80%) of
emergence agitation (EA) in children [3-6]. The etiology of EA
derives from numerous factors including rapid awakening, pain,
preoperative anxiety, surgery type, personality, and anesthetic
administered. EA is also associated with complications such as self-
injury, anxiety, and increased costs for additional medical care.

Drugs such as the a2-adrenoceptor agonist dexmedetomidine
may improve EA after sevoflurane anesthesia. Dexmedetomidine
1s highly specific for the a2-adrenoceptor and has an 8-fold higher
affinity than clonidine [7]. It has sedative, analgesic, and anxiolytic
properties with few adverse effects [8]. Several clinical trials have
shown that intravenous dexmedetomidine significantly reduces the
incidence of EA in children under sevoflurane anesthesia [9-11].
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To evaluate effects of intravenous dexmedetomidine on emer-
gence agitation, pain, postoperative nausea and vomiting (PONV),
extubation time, PACU length of stay and emergence time in
children under sevoflurane anesthesia, compared with placebo
from randomized trials, we performed this meta-analysis.

Methods
Ethics

No ethics approval was required.

Protocol

The study protocol followed the recommendations of the
PRISMA statement and Cochrane Collaboration for systematic
reviews and meta-analysis [12,13].
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Search strategy and selection of included studies

A comprehensive literature search for published randomized
controlled trials was conducted. High-sensitivity and low-specific-
ity search principles were used in PubMed, Embase, Cochrane
Central Register of Controlled Trials (CENTRAL) and Web of
Science without language restriction by two reviewers in duplicate.
The keywords “agitation”, “delirium”, “children”, “infant”,
“sevoflurane”, “dexmedetomidine,” and their alternative words
were combined by the Boolean meanings of “AND” (for
“agitation”, “children”, “sevoflurane”, “dexmedetomidine”) and
“OR” (among alternative words). The last electronic search was
performed in 15 March 2014. We also searched the references
from the eligible articles or textbooks to find potential sources. If
the full text could not be found, authors were contacted to provide
a copy of the original article.

Clinical trials comparing dexmedetomidine and placebo (saline
or lactated Ringer’s solution) intravenously administered perio-
peratively to prevent EA in children (age 1-14 years) under
standardized anesthesia protocols with sevoflurane were included
in analysis. We excluded trials that combined administered 2
prophylactic agents in 1 group during operation. We also excluded
data from scientific meetings, correspondence, case reports,
reviews, and animal studies. We evaluated quality of included
trials using the Cochrane Collaboration’s tool for assessing risk of
bias in randomized trials [14]. There are seven items to assess
random sequence generation: allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other bias
using high, low or unclear risk of bias [15].

Data extraction

Two authors independently reviewed the inclusion criteria of all
retrieved articles. Two independent authors assessed the study
quality and extracted the data. For each study, the following data
were collected: first author, publication year, patient age, surgery
type, ASA classification, number of patients, control group,
intervention group, sevoflurane anesthesia protocol, the incidence
of EA, the incidence of postoperative nausea and vomiting
(PONV), and postoperative pain, extubation time, postanesthesia
care unit (PACU) length of stay, and emergence time. All
disagreements were resolved by consensus through discussion
among authors and the final decision was made by the
corresponding author.

Statistical analysis

Analysis was conducted using STATA version 12.0. We
compared relative ratios (RR) for dichotomous data or weighted
mean differences (WMD) for continuous data with corresponding
95% confidence intervals (95% CI) for each trial. RR<1 indicated
that the incidence of the test target in the dexmedetomidine group
was lower than that in the placebo group. Each analysis was
assessed for statistical heterogeneity using the Cochran’s Q) test
and I? test. P<<0.10 was considered significant. If P>0.10 and I*<
50%, the fixed effects model was used; otherwise the random
effects model was used. Sensitivity analysis was conducted by
removing each study individually to assess the quality and
consistency of the results. Begg’s funnel plots and Egger’s linear
regression test were used to detect potential publication bias. An
asymmetric funnel plot indicated the presence of publication bias,
whereas a symmetric plot suggested that there was no publication
bias.
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Results

Literature Search Findings

A total of 67 trials were identified with 55 excluded by the
inclusion criteria. The remaining 12 relevant trials included 459
patients who received dexmedetomidine and 353 patients who
received the placebo. Details of the selection process are
summarized in Figure 1. Dexmedetomidine was administered by
single dose in 9 trials [9-11,16-21], continuous infusion in 3 trials
[22-24]. The placebo included saline in 11 trials [9-11,16-22,24]
and lactated Ringer’s solution in 1 trial [23]. There were 2
different dexmedetomidine doses examined in 3 trials [10,19,23].
For trials that comparison between control group and multiple
intervention groups using different dexmedetomidine dose, we
combined intervention groups to create a single pair-wise
comparison. For dichotomous outcomes, both the sample sizes
and the numbers of people with events were summed across
groups. For continuous outcomes, means and standard deviations
were combined using a formula recommended by the handbook
[25]. The characteristics of included articles are listed in Table 1.
The risk of bias assessment showed that the quality of included
trials was high (Table 2). All meta-analysis results were showed in
table 3.

EA incidence

EA was assessed using a 5-point scale of Agitation Cole score
(ACS), Behavior Scale or Pediatric Anesthesia Emergence
Delirium (PAED) scale. There were 12 trials [9-11,16-24] that
examined the incidence of EA in children under sevoflurane
anesthesia. No statistically significant heterogeneity was observed
according to the I’and Q tests (I°<0.1%, P=0.666), and
therefore, the fixed effects model was selected. The pooled result
showed that dexmedetomidine significantly decreased the inci-
dence of EA in children under sevoflurane anesthesia (RR =0.346,
95% CI 0.263 to 0.453, P<<0.001, Figure 2). The result was stable
when sensitivity analysis that involved removing 1 trial once from
the pooled result was conducted (RR,,;, =0.321, 95% CI,,;, 0.242
t0 0.426, and RR,,,,x = 0.363, 95% Cl,,.x 0.276 to 0.478, Figure 3).
The Begg’s funnel plots (P=0.115) and Egger’s linear regression
test (P=0.110) indicated the probability of publication bias was
low (Figure 4).

PONV incidence

PONV is assessed by nausea and vomiting behaviors from the
entrance of PACU to 24 hr.after surgery. 7 trials [9,11,16,17,21—
23] examined the incidence of PONV in children under
sevoflurane anesthesia. According to the I? and Q tests, there
was no statistically significant heterogeneity (I’<0.1%, P=0.622),
and therefore, the fixed effects model was selected. The pooled
result showed that dexmedetomidine significantly decreased the
incidence of PONV in children under sevoflurane anesthesia
(RR=0.593, 95% CI 0.391 to 0.901, P=0.014, Figure 5).
However, when the trial of Gupta et al [22] or Chen et al [17]
was removed from the pooled trials, a CI of 1 was generated in the
95% CI (0.421 to 1.009 or 0.433 to 1.099 respectively). This
decreased the reliability of the test, and therefore, further
evidences are required to reach a clear conclusion.

Pain incidence in PACU

Postoperative pain in PACU was assessed by visual analog scale
(VAS) or Objective Pain Scale (OPS) during the period in PACU
and for 24 hr on the ward. There were 5 trials [11,18,21-23]
examined the incidence of pain in PACU. Data were homoge-
neous according to the I? and Q tests (I°<0.1%, P =0.879), and
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Figure 1. Flow chart of meta-analysis.
doi:10.1371/journal.pone.0099718.g001

therefore, the fixed effects model was selected. The pooled result
showed that dexmedetomidine significantly decreased the inci-
dence of pain in children in PACU. (RR =0.405, 95% CI 0.253 to
0.649, P<<0.001, Figure 6). Removal of individual trials did not
significantly alter the result. Funnel plots did not display significant
asymmetry.

Extubation time

Extubation time which was measured as the time interval
between anesthetic discontinuation and extubation was examined
in 9 trials [9,11,16-18,20,22—24]. Data were homogeneous
(’=31.3%, P=0.168). The combined result from the fixed
effects model suggested that dexmedetomidine prolonged extuba-
tion time (WMD =0.617 min, 95% CI 0.276 to 0.958, P<<0.001,
Figure 7). Sensitivity analysis was conducted to examine the
influence of each trial on the overall risk estimate and the results
were stable.

PACU length of stay

PACU length of stay was examined in 3 trials [10,23,24]. We
selected the fixed effects model to pool data because data was
homogeneous (I7<0.1%, P=0.898). We found that PACU length
of stay in the dexmedetomidine group was prolonged compared to
that in the placebo group (WMD =4.597 min, 95% CI —0.080 to
9.275, P=0.054, Figure 8). Sensitivity analysis revealed that the
results were stable when trials were removed one by one.
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Emergence time

Emergence time was defined as the time from discontinuation of
the anesthetic to opening of eyes and was examined in 8 trials [9
11,16,18,20,22,23]. The I? test and Q tests showed that data was
homogeneous (I2<0.1%, P =0.574), and therefore, the fixed effect
model was selected. The pooled result demonstrated that
dexmedetomidine prolonged emergence time (WMD =0.977 min,
95% CI 0.392 to 1.561, P=0.001, Figure 9). Sensitivity analysis
showed that the pooled result was not influenced by individual
trials.

Adverse effects

There were no oxygen
desaturation, hypotension, bradycardia, or postoperative respira-
tory depression in any patient at any time during the study period,
except 3children had bronchospasm in the control group [9].

serious adverse events such as

Discussion

The early stages of EA in children are characterized by crying,
excitation, agitation, and delirium [1]. Sevoflurane is associated
with a high incidence of EA, and there is a general agreement
amongst anesthetists that sevoflurane can increase the incidence of
EA in the recovery stage in children compared to propofol [3-3].
Meta-analysis confirmed that EA occurs more frequently in
children under sevoflurane anesthesia than under propofol

June 2014 | Volume 9 | Issue 6 | €99718



Dexmedetomidine on Preventing Emergence Agitation

L00¥81£6600°3u0d [euInof/L Z€1°0L:10p

K1sbins buunp

€< JO d|eds (Utw/7 1) e pue (uiw ulw oL 404 Al (B3/6N 1) (VW) A19bans
Joineyag iod-g /1 1) €O ul aueIN|JOAIS 20 Ul dULIN|JOASSYS ON 65/6n g0 auipiwolepawxag 97/19 adeyNs JoUIN 1-€ €102 [61] ®H
ISETINY
< €0 Ul O°N %09 €0 ul O°N 4O puUd 3y} 310§3q UlW G Al
9|eds souoy juiod-g ‘QURIN|JOASS %E-%T  %0L PUB SURIN|JOASS %8 (Jes0) wejozepiw by/6w g0 63/6n €0 auIpIWoIBPaWX] (012004 Awod3)|Isuojouspy 9-¢ €10z [91] v
oL=
wnueq dduabiawl
eIsay1sauy (0'L=%014) t0 ulw (0'L=%014) “0 uw K1aBans ayy ul
Jujelpad wiod-0g /1 S Ul BURIN|JOASS %8 /1 G Ul 3URIN|JOASS %8 ON Al B%/6n | suipiwolspawxag /LT (YWT)A19buns snwsiqens /=T SEL0T [£1] usyd
ulw/1 € Jo moy seb (Y«b%)/6w 0 Aq
€< 91025 3|0D) YS3Jj B 1B SURIN|JOASS (deino>snwenur) POMO]||0} UIW Q| J9AO snjoq wsydeisAp
uoneyby juiod-g pue 20 ul O°N %09 ‘%8 dURIN|JONSS a1ejonAdodA|6 bw z'0 65/6w | dulpiwolepawxaq 8L/8lL Jeuids aAnRda110D 71-8 €10z [z] edno
20 ul (uonesUIdUOD
lepn-pus ulw QL Jo pouad e JaA0 A
< 9|eds y3 iod- 9%C—%1) dUeIN|JOASS €0 Ul dURIN|JOAS %8 ON 63/6n g0 aulpiwolepawxag 0€/0€ £K13buns |eunaioanip /€ z10z [07] nX
K19b.ns ay1 19n0 (Y,63)
uiw/1 0T Jo Moy seb /bW (£°0)T°0 Yyum pautejurew
NO ysaJ} suein|jonss .r__rc QL49A0 Al mv_\mrc
7< 3|ed2s y3 iod- %S°T-%S'L auoN (A1) wejozepiw 63/6n o (0°L) S0 duIplwolRpaWXSQ 0%/08 Awoyda|jisuo] vL-§ zloz [€2] Pus
Jle uiw
/1% pue o ulw/1 ¢ €0 ulw ulw L J3n0 Al
< 9leds y3 iod- Ul SURINYOASS %G—%T /1 9 Ul SUBIN|JOASS %8 ON 63/6n €0 auipiwolepawxag L¥/6€ K19buns fio1e|nquuy 6-1 010z [LZ] oles
¢0/0°N
90/ Ul (uoljesusduod
€< JO 9|eds paaidsul) %5 €0 Ul sueIn|JoAss Al
Joineyag uiod-g 0} G'| dURINJJOAIS %8 pPue 0N %0S  (A]je1as) joweladeied Hy/6w ot 63/6w G'0 duIpiwoIPPaWXI] 0£/0€ Awodaplousapy /-T 600z [8L] I'P13
€< 40 20 ulw 0
9leds /1T pue OIN ulw/] ¢ ulw/7 G pue 0N ulw uoldNpPUl I3)je Ul ¢ ISA0
Jolneysg iod-g Ul SUBIN|JOASS %G'| /1 G°T Ul SURINJOASS %8 ON Al B3/6n | suipiwolspawxaq 12/12 (VA7) uoneulwexa |4 0LS’L 9002 [6] S|
JSETINN
€< 3[edS 0 %0 pue O°N %09 20 ur O°N 3y} Jo pus 3Ys 210J3q A
Joineyag juiod-g Ul SUBIN|JOADS %Z-G'L  %0S PUe SURINYOASS %8  (|eso) By/bw gLusydoulwelsdy | 6%/6n g0 dulpiwolapawxag 0€/0€ Awo3|jisuolouspy L~€ 500T [LL] 13D
Al (Us6)
09-0t SIg e /bn z°0 jJ0 uonesuadUod sainpadcoud 5007
Z< 9eds Y3 wiod- 9A3IYde 0] SURIN|JOASS 2D Ul SURIN|JOAIS %8 ON e Ul SUIpIWO01apawxaqg €T/€T |ea1bans juanedinQ oL-1L [¥Z] AMnys
NI(Bx/6n €0) B
O°N 20 ul O°N /BN GL°0 SuIpIWOoIIPIWXIP uolspwWNI Jo ‘Axadolydio 00T
Z< 9eds Y3 wiod- %05 Ul SUBIN[JOASS 0%E  9%0S PUB SURIN[JOASS %8 ON asop 9|buls 0£/09 ‘Jledas ejuiay |euinbug oL-1L [0L] ®yoedeq|
V3 JO SPOYIdA UlejulewW DURINJJOASS  UOIDNPUI dURINJOADS uonedipaw-aid uonuaAidlu| Apnis |os3uo0)/Apnis £196ang  (saeak)aby Jea ) Joyiny

JuULWISsassy

‘Sjel1 papnjpul JO sdnsualdeIey) L djgel

June 2014 | Volume 9 | Issue 6 | €99718

PLOS ONE | www.plosone.org



Dexmedetomidine on Preventing Emergence Agitation

€00¥'81£6600"3uod [euinof/L/g1°0L:10p

9v€0 992°0 L00'0 (1L9S°L'26€°0) LL60 paxi4 Y450 %000 8 awiny adusbrawl
88€°0 96C°0 500 (S£76'0800—) L6SY paxi4 8680 %000 € Keis jo yibus| NDVd
196'0 £16°0 0000 (856'0'9£2°0) £19°0 paxi4 8910 %0€°LE 6 |wi uoiieqnixy
70€0 Lezo 0000 (69°0°€SC°0) Sov'0 paxi4 6/8°0 %000 S ured
[44)] ¥9.°0 7100 (L06°0L6€°0) €650 paxi4 790 %000 L ANOd
Lo SLL'O 0000 (€S¥°0'€92°0) 9ve0 paxi4 9990 %000 cl v3
19663 6b6ag d D %S6 AdWM/HY ISPON Kysuaboialay 10§ 4 asenbs-| sjen L swiay|
‘SWId [|e JO synsal sisAjeue-e1d|\ *€ d|gel
20038126600 2uod jeuinof/L/g1°01L:10p
Mo Mo Mo Mo Mo Jeapun MO [61] ®H €107
Mo MO MO Mo Mo moq moT oL v €10C
MO MO Jespun MO MO Jespun MO [£1] uayd €102
MO MO MO MO MO Jespun MO [zz] eadno €102
Mo moq MO Mo Mo Mo Mo [oz] nx zioz
Jeapun MO MO MO MO Jespun MO [€7] Busiy zioz
Jespun MO MO MO Mo Jespun MO [LZ] oles 0Loz
Mo Mo Mo Mo Mo Mo MmoT [81] 1'p43 600C
Mo Mo Mo Mo Mo Jespun Mo l6] Xis1 900C
Jespun Mo Mo Mo Mo 1eapun MO [LL] 43InD 5007
1eapun Mo Jespun Mo Mo 1eapun MO [¥z] Apnys 5002
MO MO MO MO MO Jespun MO [0L] ayoedeq| 00T
seiq 19410 Buniodaa ejep JuUdWISsasse |]ouuosiad pue JUBWE3dUOD UOIEdO||Y uoneiduab AKpnmis FL-CYN
EYVIRETETS awodino 3djdwodu]  3awodino jo bulpulg syuedpnied jo buipulg @>uanbas wopuey

‘sjel1 papnjaul yoea jo Aujenb syl uonen|eAd 10j JUSWSSISSE Seiq JO MsiY T djgel

June 2014 | Volume 9 | Issue 6 | €99718

PLOS ONE | www.plosone.org



Study
ID

Ibacache (2004)
Shukry (2005)

Guler (2005)

Isik (2006)

Erdil (2009)

Sato (2010)

Meng (2012)

Xu (2012)

Gupta (2013) <
Chen (2013)

Ali (2013)

He (2013)

Overall (I-squared = 0.0%, p = 0.666) @

L 4

sty

|

4

|

}

Dexmedetomidine on Preventing Emergence Agitation

%
RR (95% CI) Weight
1.00 (0.33,3.06) 3.58
0.43 (0.20,0.92) 9.40
0.29(0.12,0.69) 11.42
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T
00642 Favours DEX 1

Figure 2. Forest plot of EA incidence.
doi:10.1371/journal.pone.0099718.g002

anesthesia [26]. In addition, another meta-analysis demonstrated
that EA occurs more frequently under sevoflurane anesthesia than
under halothane anesthesia [5]. The reported incidence of EA
following sevoflurane anesthesia varies from 10%-80% [6]. The
etiology of EA includes rapid awakening, pain, preoperative
anxiety, personality, surgery type, and anesthetic [5]. Further-
more, children between the age of 2 and 5 years are more likely to
suffer from EA [27]. EA has additional complications in pediatric
patients that include an increased risk of self-injury, dissatisfaction,
and associated extra medical care [21].

Meta—analysis estimates, given named study is omitted

| Lower Cl Limit @ Estimate

Gupta (2013) | ®
Chen (2013) \ L
Ali (2013)
Meng (2012) [ L4
Xu (2012) | e
He (2013) | ®
Sato (2010) ®
Isik (2006) [ ]
Shukry (2005) | ]
Guler (2005) | [ ]
Ibacache (2004) || [}

Erdil (2009) | e

Favours placebo

T
156

A previous meta-analysis showed that the o2-adrenoceptor
agonists dexmedetomidine and clonidine were effective in
preventing EA related to sevoflurane and desflurane in children
[8]. It is difficult to clear which is more effective. Thus, we only
focused on the effects of a single agent—dexmedetomidine which
may prevent EA in children under sevoflurane anethesia. Our
meta-analysis suggests that dexmedetomidine can significantly
reduce the incidence of EA after emergence from sevoflurane
anesthesia in pediatric patients. These results also support
dexmedetomidine as an effective and safe agent in preventing EA.

| Upper Cl Limit

024 0.26 0.35

Figure 3. Sensitivity analysis result of EA incidence.
doi:10.1371/journal.pone.0099718.9003
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Figure 4. Funnel plot of EA incidence.
doi:10.1371/journal.pone.0099718.9g004

Some authors insist that rapid awakening is the cause of EA
[28]. The low blood—gas solubility and rapid recovery character-
istics of sevoflurane may contribute to EA [29-34]. In a meta-
analysis of Kanaya et al [26] showed that the incidence of EA is
higher under sevoflurane anesthesia than that under propofol
anesthesia in children, extubation time in propofol group was
slightly longer (WMD =1.09 min, 95% CI 0.096 to 2.09),
however, because of the significant data heterogeneity, it is
difficult to confirm whether rapid emergence plays a role in the

Dexmedetomidine on Preventing Emergence Agitation

1.5

higher incidence of EA after sevoflurane anesthesia. In our
findings that children administered dexmedetomidine had slightly
prolonged  extubation  time, and  emergence  time
(WMD =0.617 min, 95% CI 0.276 to 0.958, and
WMD =0.997 min, 95% CI 0.392 to 1.561 respectively), and
lower incidence of EA. However, the prolonged time is slight
without clinically significant. Thus, it is difficult to confirm that
rapid emergence is a contributing factor to EA.

Study %
ID RR (95% Cl) Weight
Guler (2005) —j—o—— 0.69 (0.39, 1.22) 36.28
Isik (2006) ( -+ i 0.50 (0.05, 5.10) 4.53
Erdil (2009) i 1.00 (0.07,15.26) 2.27
Sato (2010) i na 1.05 (0.23, 4.90) 6.63
Gupta (2013) = i 0.31 (0.08, 1.26) 17.08
Chen (2013) ——O—E 0.32(0.12,0.88) 26.41
Ali (2013) i - 1.33(0.32,5.58) 6.80
Meng (2012) i (Excluded) 0.00
Overall (I-squared =0.0%, p = 0.622) <> 0.59 (0.39, 0.90) 100.00
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Figure 5. Forest plot of PONV incidence.
doi:10.1371/journal.pone.0099718.g005
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T - T
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Figure 6. Forest plot of pain incidence.
doi:10.1371/journal.pone.0099718.g006

Pain is considered to be one of the major causes of EA.
However, symptoms of screaming, irritability, and anxiety
potentially associated with pain are very difficult to distinguish
from those of EA, especially in young children. Some studies
suggest that EA can be provoked without pain. Isik et al [9]
reported that EA was observed in 48% of pediatric patients under

Study

sevoflurane anesthesia when undergoing magnetic resonance
imaging. Several studies [26,31] demonstrate that children under
propofol anethesia, which does not have analgesia effects, had
lower incidence of EA. In addition, children recovered smoothly
and pleasantly compared with those under sevoflurane anethesia
[26,31]. Others argue that using fentanyl as a preemptive analgesic

%

WMD (95% CI) Weight

Shukry (2005) i 1.10 (—4.74, 6.94) 0.34
Guler (2005) —— 173(0.78,268)  13.02
Isik (2006) —_— 0.90 (0.27, 1.53) 29.18
Erdil (2009) —8— -1.00 (-2.87,0.87) 3.32
Meng (2012) i 1.65 (—=1.90, 5.20) 0.93

Xu (2012) — 0.51(-0.94,1.96) 5.56
Gupta (2013) vi 0.50 (-1.27,2.27) 3.73
Chen (2013) — 0.20 (—0.41,0.81) 31.44
Ali (2013) —_— 0.27 (-0.70, 1.24) 12.49
Overall (I-squared = 31.3%, p = 0.168) @ 0.62 (0.28, 0.96) 100.00
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Figure 7. Forest plot of extubation time.
doi:10.1371/journal.pone.0099718.g007
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Study %

ID WMD (95% CI) Weight
Meng (2012) 9 510(-099,11.19)  59.00
Shukry (2005) 0 500(-4.24,1424) 2562
Ibacache (2004) . 200(-9.93,1393) 1538
Overall (I-squared = 0.0%, p = 0.898) <> 460 (~0.08,9.28) 100.00

-142

Figure 8. Forest plot of PACU length of stay.
doi:10.1371/journal.pone.0099718.g008

can reduce the incidence of EA without delaying emergence
associated with desflurane or sevoflurane anesthesia in children
[31,32,35-37]. From the results of our meta-analysis, children who
administered dexmedetomidine had lower incidence of EA, as well

Favours DEX ° Favours placebo

142

as frequency of postoperative pain. Thus, we believe that pain may
play a role in the incidence of EA in children.
Dexmedetomidine, a highly specific a2-adrenoceptor agonist
with sedative, analgesic, and anxiolytic properties without
significant respiratory depression at clinical dosages, has been

Study %
D WMD (95%Cl)  Weight
Ibacache (2004) N 150 (<1.14,4.14)  4.89
Guler (2005) . 210(068,352)  17.00
Isik (2006) ——0—:— 0.60(~075,195)  18.68
Erdil (2009) * 070(~1.19,259)  9.57
Meng (2012) N 2.05(-008,4.18)  7.54
Xu (2012) - 0.68(~1.69,3.05)  6.11
Gupta (2013) e 110 (~067,287) 1097
Ali (2013) —+—~ 020(-096,136) 2525
Overall (I-squared = 0.0%, p = 0.574) <> 0.98(0.39,1.56)  100.00
T
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Figure 9. Forest plot of emergence time.
doi:10.1371/journal.pone.0099718.9g009
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widely used in pediatric and adult populations [7,8,38]. Our
findings support several prospective clinical trials in children that
dexmedetomidine significantly reduces the incidence of EA after
sevoflurane anesthesia [9-11]. In addition, we found that
dexmedetomidine prolonged emergence time and extubation
time. Dexmedetomidine is generally well tolerated with few
adverse effects. It has little effect on direct memory impairment,
respiratory depression, opioid-related pruritus, and PONV at
clinical doses [39]. Numerous studies demonstrate that dexmede-
tomidine has an opioid-sparing effect [40-46] which can
contribute to sufficient analgesia duration, emergence stage, and
improve appropriate sedation to offset rapid elimination. The
combined actions of attenuated pain, prolonged sedative duration
and depth also reduce the incidence of EA. Dexmedetomidine
infusions are generally well tolerated with few adverse effects
[47,48]. In all the included trials, we did not find any serious
adverse effects. We propose that the sedative and analgesic
properties of dexmedetomidine work together to reduce the
incidence of EA. Thus, dexmedetomidine appears to be a
promising agent to prevent EA in children under sevoflurane
anesthesia.

Our meta-analysis has a number of limitations. First, each study
was based on a different study protocol (including the adminis-
tration methods of dexmedetomidine and sevoflurane) that may
cause significant data heterogeneity, although, based on our data
analysis at least, we did not find significant heterogeneity. Second,
the age range of children differed between the trials examined,
with the symptoms of EA being more likely from 2 to 5 years [27].
In our study, age ranged from 1.5 to 14 years, and this large range
may influence the incidence of EA.
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Conclusions

Our meta-analysis demonstrated that dexmedetomidine de-
creases the incidence of EA in children under sevoflurane
anesthesia. Our analysis also indicated that dexmedetomidine
can decrease the incidence of postoperative pain, prolong
emergence time, and extubation time. These findings are
reinforced by our sensitivity and publication bias analyses.
However, more studies are required to evaluate the effect of
dexmedetomidine on the prevention of PONV. We propose that
dexmedetomidine is a promising agent to prevent EA in children
under sevoflurane anesthesia.
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