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Abstract
Background: The differences in the incidence and severity of emergence agitation (EA) and emergence times between desflurane
and sevoflurane anesthesia have not been as clearly elucidated in children as in adults.

Methods:The design of the study is a systematic reviewwith meta-analysis of randomized controlled trials. The studymethodology
is based on the Cochrane ReviewMethods. A comprehensive literature search was conducted to identify clinical trials comparing the
incidence or severity of EA and emergence times in children anesthetized with desflurane or sevoflurane. Two reviewers
independently assessed each study according to predefined inclusion criteria and extracted data from each study using a
prespecified data extraction form. The data from each study were combined using a fixed effect or random effect model to calculate
the pooled risk ratio (RR) or standardized mean difference (SMD) and 95% confidence interval (CI). Funnel plots were used to assess
publication bias. Subgroup and sensitivity analyses were performed.

Results: Fourteen studiesmet the inclusion criteria. Among the 1196 patients in these 14 studies, 588 received desflurane anesthesia
and 608 received sevoflurane anesthesia. The incidence of EA was comparable between the 2 groups (pooled RR=1.21; 95% CI:
0.96–1.53; I2=26%), and so was the severity of EA (EA score) between the 2 groups (SMD=0.12; 95% CI: �0.02 to 0.27; I2=0%).
Extubationandawakening timeswereshorter in thedesfluranegroup than in thesevofluranegroup; theweightedmeandifferenceswere
�2.21 (95%CI:�3.62 to�0.81; I2=93%)and�2.74 (95%CI:�3.80 to�1.69; I2=85%), respectively.Nopublicationbiaswas found in
the funnel plot. The subgroup analysis basedon the type of EA scale showed a higher incidence of EA in the desfluranegroup than in the
sevoflurane group in studies using 3-, 4-, or 5-point EA scales; the pooled RR was 1.38 (95% CI: 1.10–1.73; I2=37%).

Conclusion: The incidence and severity of EA were comparable between desflurane and sevoflurane anesthesia in children;
however, emergence times, including extubation and awakening times, were shorter in desflurane anesthesia.

Abbreviations: CI = confidence interval, EA = emergence agitation, PAED = pediatric anesthesia emergence delirium, RCT =
randomized controlled trial, SMD = standardized mean difference, SR = systematic review, WMD = weighted mean difference.
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1. Introduction

The use of inhalational anesthetics in children can often cause
emergence agitation (EA) during recovery from general anesthe-
sia. EA has also been referred to as emergence delirium or
emergence excitement, and it may be associated with physical
injury as well as negative postoperative behaviors in children.[1]

The risk factors for EA include rapid emergence from anesthesia
and use of short-acting volatile anesthetic agents like desflurane
or sevoflurane. These factors may lead to a dissociative state with
altered cognitive perception, excitation, and agitation during
recovery from anesthesia in children,[2,3] which results in a higher
incidence of EA. However, the differences in both EA incidence
and emergence time between desflurane and sevoflurane
anesthesia in children have not been clearly elucidated, although
differences in emergence (recovery) times between the 2 agents in
adults are well known.[4,5]

Therefore, we aimed to investigate the incidence of EA as a
primary outcome and the severity of EA (as quantified by the EA
score) and emergence times (extubation and awakening time) as
secondary outcomes in desflurane and sevoflurane anesthesia.
This was accomplished by performing a systematic review (SR) of
randomized controlled trials (RCTs) that had compared EA
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occurrence after desflurane and sevoflurane anesthesia in
children. We hypothesized that the incidence and severity of
EA, as well as the emergence times, might be higher in desflurane
than in sevoflurane anesthesia in children.
2. Methods

The SR and meta-analysis were performed to compare EA after
sevoflurane and desflurane anesthesia in children. The study
protocol is based on the Cochrane review methods.[6]
2.1. Data source and literature source

We searched MEDLINE (January 1, 1976–July 24, 2014),
EMBASE (January 1, 1985–July 24, 2014), and the Cochrane
Controlled Clinical Trials Register Database (January 1, 1987–-
July 24, 2014) using the Medical Subject Headings and free text
terms without language restriction.
The following keywords were searched through Medline:

sevoflurane, desflurane, methyl ethers, anesthetics, and inhala-
tion. Search strategies were designed for each database
(Supplementary table 1, http://links.lww.com/MD/B285). Fur-
ther, to identify unpublished or ongoing studies, we searched the
WHO International Clinical Trials Registry Platform and the
ClinicalTrials.gov database (http://clinicaltrials.gov/). After the
initial electronic search, we checked the bibliographies of
identified studies.
2.2. Study selection

Potentially eligible studies were screened and selected by 2
independent reviewers (HK and BGL) using the predefined
inclusion criteria. The 2 reviewers independently determined
which of the identified studies were suitable for inclusion. Final
selection was based on a screening of the full texts. Discrepancies
between reviewers were resolved by discussion.
Studies were included in our meta-analysis if they met the

following criteria: they included only healthy pediatric patients,
used sevoflurane as the control anesthesia (sevoflurane group)
and desflurane as the intervention anesthesia (desflurane group),
reported the incidence or severity of EA in the sevoflurane and
desflurane group, were RCTs, and were performed in elective
minor surgeries including ambulatory urologic, orthopedic,
otorhinolaryngological, ophthalmologic, and plastic surgeries.
2.3. Data extraction

Two reviewers independently extracted data from each study
using a prespecified data extraction form. The following variables
were extracted from studies: mean and standard deviation of EA
score (the severity of EA) and extubation or awakening times, and
dichotomous data on the incidence of EA in the intervention and
control groups; and demographic, clinical, and treatment
characteristics (e.g., number of patients in the intervention and
control groups). Disagreements between reviewers were resolved
in consultation with a third reviewer (HK).
2.4. Assessment of methodological quality

The methodological quality of included studies was evaluated
blindly by 2 reviewers (HK and BGL) using the Cochrane
Collaboration’s risk of bias tool, which includes selection,
performance, attrition, detection, and reporting bias through
2

assessment of the following: mentioned random sequence
generation; allocation concealment; blinding of participants,
personnel, and outcome assessments; incomplete outcome
reporting; selective outcome reporting; and other biases. We
evaluated the possible existence and direction of the bias and
whether it was likely to have an impact on the effect to be
evaluated. Publication bias was assessed using the tests for funnel
plot asymmetry and the Egger linear regression test.

2.5. Statistical analysis

The primary outcomeof our reviewwas the incidence of EA. Itwas
defined as the number of participants with postoperative
behavioral disturbances including moaning, restlessness, involun-
tary physical activity, and thrashing about, as measured by the
authors of the included studies. Thus, EA scores were assessed by
the 3-, 4-, 5-point, or pediatric anesthesia emergence delirium
(PAED) scale; EAwas defined as a PAED scale score≥10 or 16, or
>12,or a scoreof3ona3-point scale, a score≥3ona4-point scale,
or a score≥4 on a 5-point scale. The secondary outcomes were the
severity of EA, EA score measured by the scales of the included
studies, and emergence times, including extubation time and
awakening time. Extubation and awakening times were defined as
the time from the discontinuation of anesthetics (time=0 minute)
to tracheal extubation and spontaneous eye opening or response to
verbal stimuli, respectively. The incidence of EA, defined in the
study as a dichotomous variable, was analyzed using risk ratio
(RR) with 95% confidence interval (CI). The severity of EA (EA
score)was analyzed using the standardizedmeandifference (SMD)
with 95% CI; analysis of extubation or awakening times—
understood here as continuous variables—was performed using
weighted mean difference (WMD) with 95% CI.
We examined the heterogeneity between studies by scrutinizing

the forest plots and quantifying the impact of heterogeneity using
the I2 statistic. If heterogeneity between studies was found (I2

statistic >50% or any clinical heterogeneity), a random effects
model was utilized.
Initially, subgroup analyses were preplanned to compare

different types of EA scales: PAED versus others; age groups (e.g.,
only preschool age vs other ages); types of surgery (e.g., head and
neck surgery vs surgical procedure below the umbilicus),
premedication (e.g., none vs midazolam), induction agents
(e.g., inhalational vs intravenous), perioperative analgesic
amount (e.g., sufficient vs insufficient), and sedation degree at
extubation (i.e., standard vs deep), because sufficient numbers of
studies were identified for each subgroup analysis. After we
conducted the planned subgroup analyses, we found that—
except for types of EA scales—the subgroup analyses did not
show a specific significance in the primary and secondary
outcomes. Therefore, we only presented the results of subgroup
analysis according to different types of EA scales in the incidence
of EA. We conducted a sensitivity analysis according to the
methodological quality (risk of bias), for example, high versus
others and type of language for example, English versus others.
We used RevMan version 5.2 (The Cochrane Collaboration,
Oxford, UK) and STATA version 13.0 (Stata Corporation,
College Station, TX, USA) for performing these analyses.

3. Results

3.1. Identification of studies

Searches of the databases yielded 5275 articles (Fig. 1). Of these,
5248 publications were excluded, as it was clear from the title and
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Figure 1. Meta-analysis flowchart. RCT = randomized controlled trial.
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abstract that they did not fulfill the selection criteria. For the
remaining 27 articles, we obtained the full manuscripts; these
were scrutinized to identify 14 potentially relevant studies.
Thirteen publications were excluded because of the following
reasons: they included adult patients or did not report the
incidence or severity of EA. Therefore, the total number of studies
included in the review was 14 (Fig. 1).

3.2. Study characteristics and patient populations

The details of the selected studies are summarized. As shown in
Table 1, the included studies compared desflurane and
sevoflurane anesthesia in elective minor surgeries including
ambulatory urologic, orthopedic, ear–nose–throat, eye, and
plastic surgeries in children. In 14 studies, a total of 1196 patients
—588 patients anesthetized with desflurane and 608 patients
anesthetized with sevoflurane—were evaluated for the incidence
of EA. The included studies had a study design of RCTs, and they
were conducted in Asian (43%) and European (36%) countries
and in the United States (21%). All studies included preschool-
aged children, and many studies (71%) limited inclusion to
children 8 years of age or younger. Only 1 trial (7.1%) included
children beyond the age of 12 years, and only 2 studies (14%)
3

included infants younger than the age of 1 year. All studies
excluded children with American Society of Anesthesiology
status classification III or IV and those with a history of
developmental delay or any neurological disease associated with
agitation. Seven studies (50%) allowed no premedication, and 6
studies (43%) allowed oral or rectal midazolam. Eight studies
(57%) were performed with inhalational anesthetics (sevoflur-
ane) induction, and 5 studies (36%) were performed with
intravenous anesthetics induction. All studies enrolled children
undergoing elective minor surgeries including urologic, orthope-
dic, otorhinolaryngological, ophthalmologic, and plastic surger-
ies. Ten studies (71%) performed adequate and sufficient pre-/
intraoperative analgesia using administration of analgesics
including intravenous opioid or rectal paracetamol or similar
analgesics, or regional analgesia including caudal analgesia or
peripheral nerve block with local anesthetics; 4 studies involved
children receiving potentially inadequate or no intraoperative
analgesia. Postoperative behavioral disturbance during emer-
gence from anesthesia was most commonly termed EA or
agitation, although the term “emergence delirium”was also used.
Several definitions of EA were based on different scales. In
addition, different studies used various criteria or cutoffs to
determine the presence or absence of EA. Nine studies (64%)
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used a 3-, 4-, or 5-point categorical scale, and 4 studies used the
PAED scale. Most studies (86%) reported the incidence of EA,
and this variable was the primary outcome for this review. Of the
secondary outcomes, the severities of EA and extubation time
were reported in 6 studies (43%), and awakening time was
reported in 11 studies (79%).
3.3. Quality of the included studies (risk of bias in
included studies)

See Fig. 2.

3.4. Allocation

All of the 14 included studies reported that the study was
randomized, but only 7 studies (50%) reported the method of
random sequence generation applied. Allocation concealment
was adequately reported in only 1 study (Sethi, 2013).
3.5. Blinding

Given that most participants were preschoolers, they were
effectively blinded to the intervention of the studies. Nine studies
(64%) that reported blinding of the outcome assessors were
assessed as having low risk of bias, and other studies were
considered to have unclear risk of bias.
3.6. Incomplete outcome data

Eight studies (57%) that reported the completeness of outcome
data for each main outcome were assessed as having low risk of
bias, and only 1 study (Lee, 2007)—which did not describe the
attrition and exclusions from the analysis—was assessed as
having high risk of bias.
2

Figure 2. Risk of bias summary: review of authors’ judgments about each risk
of bias item for each included study. Green circle: low risk of bias, yellow circle:
unclear risk of bias, and red circle: high risk of bias.
3.7. Selective reporting

Seven studies (50%) were assessed as having low risk of bias;
however, 4 studies (Bae, 2008; Lee, 2007; Singh, 2012; Valley,
2003) in which 1 or more reported primary outcomes were not
prespecified or in which not all of the study’s prespecified
primary outcomes have been reported were assessed as having
high risk of bias.

3.8. Other potential sources of bias

Three studies (Bae, 2008; Lee, 2007; Singh, 2012) that had a
potential source of bias related to the specific study design used
were assessed as having high risk of bias.

3.9. Result 1: the primary outcome

The incidence of EA was comparable between desflurane and
sevoflurane group, the pooled RR of which was 1.21 (95% CI:
0.96–1.53; I2=26%) (Fig. 3A). This result showed low
heterogeneity.

3.10. Result 2: the secondary outcomes

The severity of EA (EA score) was comparable between the 2
groups, the SMD of which was 0.12 (95%CI:�0.02 to 0.27; I2=
0%) (Fig. 4). This result showed no heterogeneity. Extubation
time and awakening time were shorter in the desflurane group
than in sevoflurane group, theWMDs of whichwere�2.21 (95%
5

CI: �3.62 to �0.81; I =93%) and �2.74 (95% CI: �3.80 to
�1.69; I2=85%), respectively (Fig. 5). These results showed high
heterogeneity.

3.11. Subgroup analysis

The subgroup analysis with different types of EA scale—PAED
scale versus others—showed a different result in the incidence of

http://www.md-journal.com


Figure 3. Incidence of emergence agitation (EA). (A) Incidence of EA in all study groups. (B) Incidence of EA in each subgroup as a result of use of different types of
EA scales.

Lim et al. Medicine (2016) 95:38 Medicine
EA (Fig. 3B). In the studies using 3-, 4-, or 5-point scales, the
incidence of EA was higher in the desflurane group than in the
sevoflurane group, the pooled RR of which was 1.38 (95% CI:
1.10–1.73; I2=37%). However, in the analyses using the PAED
scale, EA incidence did not differ between desflurane and
sevoflurane groups, the pooled RR of which was 0.96 (95% CI:
0.68–1.36; I2=0%) (Fig. 3B). Moreover, the heterogeneity index
values (I2) of both subgroup analyses were significantly different
(the subgroup analysis for studies using 3-, 4-, or 5-point scales
6

showed higher heterogeneity than that for studies using the PAED
scale) (P=0.09, I2=61.9%).
3.12. Sensitivity analysis and publication bias

We found that there were no significant differences in
heterogeneity according to the methodological quality (risk of
bias; high vs others), study region (e.g., Western vs Asian), type of
language (e.g., English vs others), or age group (e.g., preschool



Figure 4. Severity of emergence agitation (EA) as determined by EA score.
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age vs others) in the primary outcome of incidence of EA
(Table 2).
Publication bias was not discovered on the results of the tests

for funnel plot asymmetry (Fig. 6) or the Egger linear regression
test (P=0.36).

4. Discussion

The SR of RCTs examined the incidence of EA after sevoflurane
and desflurane anesthesia. Our main findings were that the
incidence of EA after sevoflurane and desflurane is comparable
and that the emergence time is shorter with desflurane. In terms of
the overall completeness of this SR, the relatively large sample
size of 14 RCTs with 1127 patients was able to show a significant
difference between the 2 inhaled anesthetics. Furthermore,
because of the comprehensive searching strategy, it is very
unlikely that important studies were omitted. We found 14 RCTs
Figure 5. Extubation time and awakening tim
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related to EA due to sevoflurane and desflurane in pediatric
patients, a robust finding that likely was a result of our complete
comprehensive search strategies relative to other SRs.[7] We did
not find any explicit publication bias (Fig. 6).
In the quality of evidence assessment, all 14 studies reported

that the study was performed in a randomized trial design.
However, only 7 studies reported the applied method of random
sequence generation. Furthermore, it is unclear whether most of
the studies were performed with adequate allocation conceal-
ment, which was found in only 1 study (Sethi, 2013). Ambiguous
reporting could induce methodological weakness. It is possible
that there are considerable confounding factors affecting the
result of RCTs; such factors could include using different kinds of
scales for EA, different cutoff values for EA within the same scale,
and methods for reducing pain. It is well known that numerous
factors are implicated in the development of EA, including age,
type of surgery, premedication, and pain.[8–10] Conducting
e. (A) Extubation time, (B) awakening time.
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Table 2

Summary of risk ratio or weighted mean difference for primary and secondary outcomes among subgroup.

Primary outcome or subgroups N Participants RR (95% CI) P value for heterogeneity I2, %

Incidence of EA
All 12 1127 1.21 (0.96, 1.53) 0.19 26

Subgroup analysis
Type of EA scale
PAED scale 3 385 0.96 (0.68, 1.35) 0.67 0
Other scales

∗
8 692 1.41 (1.03, 1.93) 0.13 37

Age
1–8 8 775 1.16 (0.82, 1.65) 0.08 44
>10 4 352 1.28 (0.95, 1.71) 0.58 0

Study region
Western 7 675 1.47 (0.99, 2.19) 0.08 47
Asian 5 452 1.06 (0.81, 1.39) 0.71 0

Analgesic method
Sufficient 8 839 1.15 (0.93, 1.43) 0.71 0
Insufficient 3 238 1.66 (0.62, 4.40) 0.01 78

Premedication
Oral/rectal midazolam 4 477 1.71 (0.78, 3.77) 0.02 68
None 7 600 1.17 (0.94, 1.47) 0.56 0

Secondary outcomes or subgroups N Participants WMD (95% CI) P value for heterogeneity I2, %

Extubation time
All 6 400 �2.21 (�3.62, �0.81) <0.00001 93

Subgroup analysis
Extubation criteria
Not described 3 220 �1.10 (�2.69, 0.49) <0.00001 93
Predetermined 3 180 �3.49 (�5.65, �1.33) 0.001 85

Awakening time
All 11 1019 �2.74 (�3.80, �1.69) <0.00001 85

Subgroup analysis
Criteria of awakening
Steward/Aldrete recovery score 4 230 �3.58 (�5.33, �1.83) 0.0001 86
Spontaneous eye opening 5 422 �1.72 (�3.18, �0.26) 0.002 76

Depth of sedation at extubation
Light 6 526 �3.06 (�4.95, �1.18) <0.00001 86
Deep 3 383 �1.10 (�1.48, �0.73) 0.68 0

Study region
Western 7 685 �3.75 (�5.16, �2.33) 0.004 69
Asian 4 334 �1.51 (�2.74, �0.28) 0.001 81

Analgesic method
Sufficient 8 839 �1.99 (�2.99, �1.00) 0.0002 75
Insufficient 2 120 �4.36 (�9.26, 0.53) 0.0007 91

Premedication
Oral/rectal midazolam 5 537 �3.86 (�5.54, �2.19) 0.0007 79
None 6 482 �1.71 (�2.84, �0.57) 0.002 73

Induction agent
Inhalational agent 7 542 �3.10 (�4.87, �1.32) <0.00001 89
Intravenous agent 4 477 �2.24 (�2.85, �1.63) 0.52 0

95% CI = 95% confident interval, EA = emergence agitation, N = the number of studies, PAED = pediatric anesthesia emergence delirium, RR = risk ratio, WMD = weighted mean difference.
∗
Indicates 3-, 4-, 5-point scale for EA. Indicate a subgroup analysis after excluding articles which were the key contributors to between-study heterogeneity.
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subgroup analysis, we confirmed in this SR that there are more
potential EA-contributing factors with desflurane than sevoflur-
ane anesthesia. The PAED scale is composed of 5 items: eye
contact with caregiver, purposeful action, awareness of
surrounding, restlessness, and inconsolability. Each item has 5
grades (0–4), and total PAED scores were calculated from the
sum of the grades of each item. In contrast, scales using point
systems (3-, 4-, and 5-point scales) simply assess the EA of
patients as part of a rating scale from “not at all” to “extremely”.
The precise scaling and threshold with the PAED scale provides
relatively high sensitivity and specificity for predicting EA.[11,12]

The discrepancy between the incidence of EA with desflurane
8

using a scale such as PAED versus a 3-, 4-, and 5-point scale may
result from the validity and reliability of the scale. An SR of the
effects of desflurane and sevoflurane in pediatric anesthesia was
recently published.[7] The authors analyzed many effects of
desflurane and sevoflurane in pediatric patients, such as recovery
time from anesthesia, extubation time, nausea, vomiting, pain,
and agitation. They included 13 studies using sevoflurane and
desflurane anesthesia in pediatric patients, and 5 studies were
used for analyzing the incidence of agitation. The SR suggested
that desflurane used in pediatric anesthesia had more favorable
results than sevoflurane in terms of times to recovery, but
agitation was found to be slightly higher in desflurane than in



Figure 6. Funnel plot obtained using data from 14 trials comparing emergence
agitation after sevoflurane and desflurane anesthesia in children. There was no
publication bias.
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sevoflurane anesthesia. There are several possible reasons for the
different results in our SR with regard to incidence of agitation:
unlike our SR, which is focused on agitation, the study byHe et al
analyzed the overall effects of sevoflurane and desflurane in
pediatric patients. Although there were 14 studies in our SR, 5
separate studies reported on agitation in the recent SR byHe et al.
The different number of included studies and participants may
have influenced the results. In our SR, there were 3 studies using
the PAED scale. In contrast, there were 4 studies using a 3-point
scale in the SR by He et al and 1 study did not reveal the results
concerning agitation. Consistent with this, our SR also showed
that the EA incidence was similar to that in the SR byHe et al (i.e.,
desflurane showed a higher incidence of agitation) when a 3- or 4-
point scale was applied.
It is believed that rapid recovery from inhalation anesthetics

with a relatively low blood/gas partition coefficient causes a
higher incidence of EA.[13] However, more rapid emergence and
extubation time after desflurane had not been associated with an
increased incidence of EA. Despite more rapid emergence from
anesthetics andmore rapid extubation time with desflurane, these
results should be interpreted with caution, because some studies
did not clearly define the emergence or the extubation criteria that
were used to assess the patient. There are some limitations in our
review: this SR included studies with degrees of variability in
scales and threshold and each study used different protocols, such
as premedication, type of surgery, age range, and method of pain
management.
9

Our review suggests that desflurane has a comparable
incidence and severity of EA with sevoflurane. These findings
are consistent with a review of 6 studies that focused on the effect
of sevoflurane versus other general anesthetics on EA (Cohen,
2002; Demirbilek, 2004; Singh, 2012; Uzun, 2003; Valley, 2003;
Welborn, 1996).[14] We have found additional 8 RCTs along
with the 6 studies previously included in a review.
In conclusion, this SR revealed that there is comparable

incidence of EA in children administered sevoflurane and in those
receiving desflurane anesthesia, despite desflurane having a more
rapid awakening time than sevoflurane. In the subgroup analysis,
the incidence of EA was higher in the desflurane group than in
sevoflurane group with studies using 3-, 4-, or 5-point scales for
analysis.
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