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Emergence agitation preventive medicine should be combined with pediatric anesthesia because of the
high frequency of emergence agitation. However, it is challenging to determine the most appropriate
medication that can be introduced into pediatric anesthesia for the sake of emergence agitation
prevention. We reviewed and retrieved the data from PubMed and Embase. Various medications were
assessed based on several endpoints including Emergence agitation outcomes (EA), postoperative
nausea and vomiting (PONV), the number of patients who required analgesic (RA), pediatric anesthesia
emergence delirium (PAED), the extubation time, the emergency time and the duration of post-
anesthesia care unit (PACU) stay. Both traditional and network meta-analysis were carried in this
study. A total of 45 articles were complied with the selection criteria and the corresponding articles
were reviewed. Fentanyl demonstrated the highest cumulative ranking probability which was followed
by those of ketamine and dexmedetomidine with respect to EA and PAED. When PONV and RA were
concerned together, clonidine exhibited the highest cumulative ranking probability compared to other
medications. Our study suggested that dexmedetomidine perhaps is the most appropriate prophylactic
treatment which can be introduced into anesthesia for preventing emergence agitation.

Sevoflurane has been introduced into clinical practices as an inhaled volatile anesthetic since 1992. This medica-
tion is particularly effective for inhalation induction and maintaining the effects of general anesthesia on pediatric
patients due to its inherent stability, minimal respiratory pungency and minimal blood-gas partition coefficient’.
Another advantage of sevoflurane is its ability to rapidly induce anesthetic effects in a controllable manner once
injected.

Unfortunately, postoperative behavioral disturbance was predominantly observed in patients who received
pediatric surgeries accompanied by sevoflurane as anesthetic. Another major issue caused by sevoflurane is the
significant increase in the incidence of emergence agitation (EA). For instance, the incidence of emergence agita-
tion was increased from 12-13% to 56% when sevoflurane was introduced as the main agent>>.

Emergence agitation resulted from general anesthesia is usually characterized by either disorientation or
abnormal excitation during the early stage of patient recovery. However, more severe symptoms such as sympa-
thetic activation and arrhythmia are likely to be observed, which may further impede the recovery of patients.
Some researches argued that the toxicity of sevoflurane may affect the central nervous system and trigger EA,
while others suggested that other factors including age may contribute to EA*. Since sevoflurane is likely to induce
EA in certain circumstances, prophylactic medicine has been introduced into sevoflurane in order to enhance the
recovery of patients and reduce the risk of postoperative behavioral disturbance. Conventional prophylactic med-
icine includes sedative-hypnotic, opioid receptor agonist and narcotic analgesic and they have been introduced
into sevoflurance in clinical practices. On the other hand, treatments for preventing EA include midazolam,
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Figure 1. The flow chart of literature selection.

dexmedetomidine, clonidine, ketamine, propofol and fentanyl and they appear to have significant difference in
pharmacological characteristics. As a result, the effectiveness and safety of these treatments should be verified in
clinical practices.

This study enabled us to compare the effectiveness and safety of placebo, midazolam, dexmedetomidine, clo-
nidine, ketamine, propofol and fentanyl which are commonly introduced as prophylactic treatments. We incor-
porated various endpoints in our study so that both direct and indirect comparison can be comprehensively
achieved.

Materials and Methods

Two phases were involved in this study. Phase one was collecting all the articles about the efficacy and safety
of seven auxiliary medications that are introduced into pediatric sevoflurane anesthesia. Phase two was
meta-analysis on a select group of these techniques.

Search strategy. Articles complied with the selection criteria were thoroughly searched, including PubMed,
Embase and other databases. The following keywords and searching terms including their corresponding syno-
nyms were used to retrieve the corresponding articles according to standard PICOS (population, intervention,
comparison, outcome, study design) criteria: pediatric anesthesia (population), clonidine, dexmedetomidine,
fentanyl, ketamine, midazolam, propofol (intervention and comparison) and randomized controlled trial (study
design), emergence agitation (primary outcome).

Inclusion and exclusion criteria. Literature inclusion criteria: (1) researching type: randomized controlled
trials; (2) researching objects: children between the age of six months and fourteen years who received sevoflu-
rane as anesthetic (3) interventions: single or mixed clonidine, dexmedetomidine, fentanyl, ketamine, midazolam,
propofol; (4) outcomes contain at least one of the followings: EA, postoperative nausea and vomiting (PONV),
the number of patients who required analgesic, pediatric anesthesia emergence delirium (PAED), the extubation
time, the emergency time and the duration of PACU stay. Literature exclusion criteria: (1) non-randomized con-
trolled trials; (2) research objects were not complied with the inclusion criteria; (3) literatures which were not
written in English; (4) duplicated literatures which were published by the same author; (5) literatures in which
data integrity cannot be guaranteed. A Jadad Scale table concerning randomization, blinding and withdraw was
used as an appendix to qualify the included papers (Table SI).

Outcome measures and data extraction. Data extraction was performed using a standard approach:
two researchers (W. C. Wang and P. Huang) extract the corresponding data from literatures independently includ-
ing the sample size and data integration was also carried out for each study. The number of paper included varied
between researchers, and difference in data extraction was used for correction. Any disagreement or different
opinions with respect to data extraction and integration was resolved by a third researcher (X. L. Guo).

Statistical analysis. First, we accomplished a conventional meta-analysis on the selected data. Odds ratios
(OR) were selected as the appropriate statistics for comparing binary outcomes whereas standardized mean dif-
ference (SMD) were selected for comparing continuous outcomes. Apart from that, the 95% CI were also obtained
in order to assess the precision of the corresponding statistics. Heterogeneity across studies was assessed by the
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01 Lundblad 2015 | 18 mo-8yr None Hi"i“g“g;:gengilgzﬁsgas" i | Dexmedetomidine | 22 | v/
Placebo 21 |V
02 Costi 2015 1-12yr Midazﬂ:n&;?{s mg/kg None Propofol 109 | v Vv
Placebo 109 | v Vv
03 Sheta 2014 3-6yr Dexmedetomidine Paracetamol: 30-40mg/kg | Dexmedetomidine | 36 | v/ v v
Midazolam Midazolam 36 |V v v
04 Kim 2014 1-5yr None Caudal Block Dexmedetomidine | 20 | v/ v
Placebo 20 |V v
Penile Block or Ilio-inguinal/
05 Bortone 2014 2-11yr Midazolam: 0.5 mg/kg Tliohypogastric Block or Clonidine 29 |V Vv
Caudal Block
Fentanyl 29 |V ViV
Placebo 29 |V Vv
06 Kim 2013 18-72mo None Caudal Block Propofol 69 VvV Vv
Fentanyl 66 NARVAIRY, Vv
Placebo 70 VvV VAR
07 Chen 2013 2-7yr None None Dexmedetomidine | 28 | v | v/ v
Ketamine 28 |V |V v
Placebo 28 |V |V v
08 Meng 2012 5-14yr Midazolam: 40 pg/kg None Dexmedetomidine | 40 | v | vV | V ViIiviIY
Dexmedetomidine | 40 | v | v | V/ VARV
Placebo 0 |V |V |V ViIiv]|V
09 Lili 2012 3-7yr None None Dexmedetomidine | 30 | v/
Placebo 30 Vv
10 Akin 2012 2-9yr Midazolam None Midazolam 45 |V v v
Dexmedetomidine Dexmedetomidine | 45 | v/ v v
11 Pestieau 2011 6 mo-6yr None None Dexmedetomidine | 28 | v/ v v
Dexmedetomidine | 23 | v/ v v
Fentanyl 23 |V v v
Placebo 27 |V v v
12 Ozcengiz 2011 3-9yr Dexmedetomidine None Dexmedetomidine 25 v
Midazolam Midazolam 25 |V
Placebo Placebo 25 Vv
13 Ghosh 2011 1-5yr None Caudal Epidural Block Clonidine 30 |V
Clonidine 30 |V
Placebo 30 |V
14 Sato 2010 1-9yr None Acet'il)ni'ncilr:) ?5::2:1431;%@ O | Dexmedetomidine | 39 | v | V/
Placebo 2 | VIV
;g lléamp ersad 1-5yr Midazolam: 0.5mg/kg | Acetaminophen: 40 mg/kg Fentanyl 75 v
Placebo 79 v
16 Patel 2010 2-10yr None A;?fﬁi;()g};ﬁ;n: Dexmedetomidine | 61 VIiVvIiVvIV
Fentanyl 61 VIiVvIiVvIV
17 Lee 2010 2-14yr Atropine: 0.01 mg/ kg None Ketamine 30 \/ \/ \/
Ketamine 30 | V|V v
Placebo 30 |V |V v
18 Lee 2010 3-8yr Thiop(;r;zigl/igdium: Ketorolac: 1 mg/kg Propofol 4“4 |V |V v v
Placebo 4 |V |V v v
19 Inomata 2010 2-6yr None Field Block Fentanyl 45 Vv
Fentanyl 48 VARV
Placebo 46 Vv
20 Al-Zaben 2010 1-12yr None None Dexmedetomidine | 24 v v
Placebo 24 v v

Continued
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21 Saadawy 2009 1-6yr None Caudal Block Dexmedetomidine 30 VARV
Placebo 30 | V|V
22 Tsai 2008 1-10yr Midazolam: 0.2 mg/kg None Propofol 20 |V v
Ketamine 20 |V v
Placebo 20 |V
%g(gbu-shahwan 2-7yr None None Propofol 2 |V Vv
Placebo 2 |V VERY
;g()T; zeroualti 1-6yr Midazolam Penile Block Midazolam 20 |V |V v
Clonidine Clonidine 20 |V |V v
Clonidine Clonidine 20 |V |V v
25 Kain 2007 2-10yr Midazolam None Midazolam 99 |V
None Placebo 98 |V
. Caudal Blocks or penile .
26 Breschan 2007 | 6mo-5yr Midazolam blocks or local infiltration Midazolam 57 |V
Midazolam 58 |V
. Paracetamol: 15 mg/kg and
27 Aouad 2007 2-6yr Midazolam: 0.5 mg/kg gfzxainaethasone: igmg kg Propofol 41 |V Vv
Placebo 36 |V vV
28 Almenrader . Peripheral Nerve Block or .
2007 1-6yr Midazolam Caudal Block Midazolam 34 |V
Clonidine Clonidine 30 |V
29 Abu-Shahwan Acetaminophen:
5007 4-7yr 30mg/kg and Ketorolac 1 mg/kg Ketamine 2 |V ViV
Midazolam: 0.5 mg/kg
Placebo 2 |V VARV
. Alfentanil: 20 ug/kg and Lo
30 Lankinen 2006 1-7yr None Diclofenac: 1 mg/kg Clonidine 24 |V |V Vv
Placebo 26 |V |V VERY
31 Isik 2006 181(r)t)1,<;— None None Dexmedetomidine 21 VARV VARV
Placebo 210 |V |V VARV
32 Dalens 2006 6 mo-8yr None None Ketamine 3 V|V
Placebo 28 v iV
33 Tesoro 2005 1-5yr Midazolam: 0.5mg/kg | Regional or Central block Clonidine 9 |V |V v
Placebo 78 |V |V v
34 Shukry 2005 1-10yr None None Dexmedetomidine | 23 | v/ v v
Placebo 23 |V v v
Acetaminophen: e
35 Guler 2005 3-7yr 15mg/kg None Dexmedetomidine | 30 | v | v/ Vv
Placebo 30 |V Vv
36 Ibacache 2004 1-10yr None Caudal Block Dexmedetomidine | 30 | v/ ViV
Dexmedetomidine | 30 | v/ VRV
Placebo 30 |V vV
37 Demirbilek . . Acetaminophen or
2004 2-7yr Midazolam: 0.5 mg/kg Paracetamol: 30 mg/kg Fentanyl 30 |V |V VY
Placebo 30 |V |V Vv
38 Binstock 2004 2-10yr Fentanyl Caudal Block Fentanyl 27 v VRV
Fentanyl Fentanyl 24 v VARV
Placebo 26 v VARV
39 Bergendahl Midazolam and . .
2004 1-11yr Atropine: 40ug/kg Fentanyl: 2.5 pg/kg Midazolam 5 |V |V
Clonidine and 1
Atropine: 40 jug/kg Clonidine 8 |V |V
40 Cravero 2003 lii(r)nycr)— None None Fentanyl 16 |V
Placebo 16 |V
41 Bock 2002 3-8yr Midazolam: 0.4 mg/kg Caudal Epidural Block Clonidine 18 |V
Clonidine 18 v
Continued
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Endpoints
1D, author, year Age Premedication Analgesia Intervention Size | 1 |2 |3 | 4|56 |7
Placebo 18 |V
42 Kulka 2001 2-7yr Midazolam: 0.5 mg/kg Penile Block Clonidine 20 |V |V |V v
Placebo 20 |V V|V v
43 Finkel 2001 6 mo-5yr None Acetaminophen: 40 mg/kg Fentanyl 51 |V |V v
Fentanyl 50 |V |V v
Placebo 9 |V |V v
Midazolam: 0.5 mg/kg
44 Galinkin 2000 | 9mo-6yr | and Acetaminophen: None Fentanyl 64 | V v
10 mg/kg
Placebo 69 |V v
45 Viitanen 1999 1-3yr Midazolam Acetaminophen: 20 mg/kg Midazolam 30 | V[V |V VARV
Placebo Placebo 30 | V|V ]|V vV

Table 1. Main characteristics of included studies. *Age: mo-month; yr-year; Endpoints: 1-emergence
agitation; 2-postoperative nausea and vomiting; 3-requiring an analgesic; 4-pediatric anesthesia emergence
delirium; 5-extubation time; 6-emergency time; 7-duration of postanesthesia care unit stay.

statistic of I and significant heterogeneity was presented if I > 50%. The fixed-effect model was implemented if
studies are homogeneous in nature (P-value of heterogeneity >0.05). By contrast, the random-effects were chosen
in the case of significant heterogeneity (P-value for heterogeneity <0.05).

Moreover, the network meta-analysis was conducted in the same manner and the surface under the cumula-
tive ranking curve (SUCRA) in order to rank the corresponding interventions. SUCRA, a transformation of the
mean rank, provides a hierarchy of treatments and accounts for the location and variance of clinical outcomes.
Higher accumulative SUCRA values indicate better treatment ranks, which is equal to 1 when the treatment is
certain to be the best.

Results

Literature search results. We identified a total of 1,598 publications and 537 of them were removed since
they are either duplicated literatures, comments, letters and case reports. Another 605 publications were removed
since they were not related to the research topic and 411 of the remaining articles contain incomplete data. As a
result of this, 45 articles published from 1999 to 2015 were complied with the selection criteria (Fig. 1)>**. A total
of 4,032 cases were included and the detailed baseline characteristics of the included studies were displayed in
Table 1. A Jadad Scale table concerning randomization, blinding and withdraw was used as an appendix to qualify
the included papers (Table S1).

Conventional meta-analysis. We carried out conventional meta-analysis to compare the efficacy
and safety of seven auxiliary medications that are introduced into pediatric sevoflurane anesthesia (Table 2).
Clonidine, dexmedetomidine, fentanyl and ketamine and propofol significantly reduced the risk of EA (Fig. 2).
The same approach was adopted to evaluate the relative safety of these auxiliary medications compared to pla-
cebo. Both clonidine and dexmedetomidine were associated with a decrease in the risk of PONV. Furthermore,
patients with dexmedetomidine experienced a reduced risk of sedative. Fentanyl exhibited less favorable results
than the placebo with respect to PONO, the emergency time and the duration of PACU stay. However, Fentanyl
showed compelling results with respect to RA and PAED. Ketamine exhibited convincing results in both PAED
and the emergency time. We also observed that patients treated with clonidine, dexmedetomidine, fentanyl and
midazolam and propofol exhibited significantly longer emergency response time compared to placebo. Patients
treated with propofol were associated with a downward trend of RA and PAED.

Network meta-analysis. We also carried out pair wise comparisons among these medications through net-
work meta-analysis Table 3: patients treated with clonidine, dexmedetomidine, fentanyl, ketamine and propofol
were less likely to have EA. Fentanyl exhibited the least favorable results with respect to PONV compared to the
other six auxiliary medications whereas clonidine and dexmedetomidine exhibited more compelling results than
placebo. Additionally, dexmedetomidine, fentanyl, ketamine and midazolam were less likely to result in sedatives
use compared to placebo. Our study also demonstrated that dexmedetomidine, fentanyl and ketamine signifi-
cantly reduced the average PAED in comparison to placebo and dexmedetomidine appeared to be more effective
than clonidine with respect to PAED.

Besides, we compared the average extubation and emergency time for determine the overall safety of these
medications. Patients treated with dexmedetomidine exhibited significantly longer extubation time compared to
those who were given placebo. On the other hand, patients treated with clonidine, dexmedetomidine, fentanyl
and ketamine and midazolam exhibited significantly shorter emergency time compared to those treated with
propofol, and ketamine group had significantly shorter average emergency time compared to the midazolam
group. The comparison of duration for the corresponding treatments revealed that both clonidine and fentanyl
demonstrated relatively longer duration of PACU stay compared to placebo whereas such a figure in the propofol
group is significantly shorter than that in the clonidine group.
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Endpoints Direct comparisons N P Py, values OR (95% CI) Pyg values
EA Clonidine vs. Placebo 461 0.657 0.012 0.332 (0.146, 0.754) 0.008
Dexmedetomidine vs. Placebo | 826 0.183 0.259 0.244 (0.160, 0.372) <0.001
Fentanyl vs. Placebo 483 0.000 0.528 0.233 (0.133, 0.406) <0.001
Ketamine vs. Placebo 331 0.563 0.058 0.248 (0.102, 0.605) 0.002
Midazolam vs. Placebo 307 0.665 0.051 0.727 (0.235, 2.248) 0.579
Propofol vs. Placebo 507 0.511 0.085 0.351 (0.178, 0.692) 0.002
PONV Clonidine vs. Placebo 259 0.000 0.777 0.282 (0.094, 0.844) 0.024
Dexmedetomidine vs. Placebo | 419 0.000 0.595 0.438 (0.224, 0.857) 0.016
Fentanyl vs. Placebo 577 0.139 0.326 3.154 (1.578, 6.303) 0.001
Ketamine vs. Placebo 207 0.000 0.788 0.828 (0.394, 1.742) 0.619
Midazolam vs. Placebo 60 0.000 0.000 0.097 (0.005, 1.877) 0.123
Propofol vs. Placebo 227 0.126 0.285 1.010 (0.322, 3.168) 0.285
RA Clonidine vs. Placebo 40 0.000 0.000 0.054 (0.003, 1.044) 0.053
Dexmedetomidine vs. Placebo | 286 0.324 0.218 0.128 (0.048, 0.339) <0.001
Fentanyl vs. Placebo 186 0.359 0.212 0.094 (0.016, 0.555) 0.009
Midazolam vs. Placebo 60 0.000 0.000 0.187 (0.009, 4.062) 0.286
Propofol vs. Placebo 139 0.000 0.000 0.046 (0.006, 0.356) 0.003
N P Py values SMD (95% CI) Pgyp values
PAED Fentanyl vs. Placebo 275 0.848 0.010 —1.251 (—1.936, —0.565) <0.001
Ketamine vs. Placebo 84 0.000 0.000 —5.435 (—8.051, —2.818) <0.001
Propofol vs. Placebo 300 0.509 0.131 —1.044 (—1.396, —0.691) <0.001
Extubation Clonidine vs. Placebo 40 0.000 0.000 0.424 (—0.203, 1.051) 0.185
Time Dexmedetomidine vs. Placebo | 274 0.910 0.000 0.837 (—0.064, 1.738) 0.069
Fentanyl vs. Placebo 199 0.000 0.575 0.230 (—0.061, 0.521) 0.121
Ketamine vs. Placebo 90 0.000 0.000 0.221 (—0.218, 0.661) 0.324
Propofol vs. Placebo 88 0.000 0.000 0.379 (—0.042, 0.801) 0.078
Emergency Clonidine vs. Placebo 277 0.077 0.338 0.394 (0.140, 0.648) 0.002
Time Dexmedetomidine vs. Placebo | 390 0.867 0.015 0.754 (0.149, 1.359) 0.015
Fentanyl vs. Placebo 381 0.886 0.000 0.821 (0.163, 1.479) 0.014
Ketamine vs. Placebo 84 0.000 0.000 —0.651 (—1.091, —0.212) 0.004
Midazolam vs. Placebo 60 0.000 0.000 0.843 (0.314, 1.372) 0.002
Propofol vs. Placebo 518 0.000 0.000 0.804 (0.624, 0.983) <0.001
E:é‘;}igt‘;;’f Clonidine vs. Placebo 108 | 0.000 0.959 0213 (~0.166, 0.591) 0.270
Dexmedetomidine vs. Placebo | 354 0.896 0.000 0.672 (—0.052, 1.395) 0.069
Fentanyl vs. Placebo 554 0.470 0.109 0.314 (0.072, 0.555) 0.011
Ketamine vs. Placebo 180 0.948 0.000 0.627 (—0.799, 2.053) 0.389
Midazolam vs. Placebo 60 0.000 0.000 0.435 (—0.077, 0.947) 0.096
Propofol vs. Placebo 646 0.741 0.002 0.119 (—0.202, 0.439) 0.468

Table 2. Pair-wise meta-analyses of direct comparisons between the six drugs and placebo. *N: number
of studies; H: heterogeneity; OR: odds ratio; CI: confidence interval; SMD: standard mean difference;

EA: emergence agitation; PONV: postoperative nausea and vomiting; RA: requiring an analgesic; PAED:
pediatric anesthesia emergence delirium.

The corresponding SUCRA values of seven pediatric sevoflurane anesthesia auxiliary medications with respect
to each efficacy and safety endpoint were illustrated in Table 4, Fig. 3 and Figs S1a-S6a. Fentanyl had the highest
cumulative ranking probability with respect to EA and PAED (EA, 88.8%; PAED, 83.9%) whereas both ketamine
and dexmedetomidine demonstrated robust results with respect to EA (70.5% and 66.7%, respectively); clonidine
exhibited the most compelling SUCRA values with respect to PONV and RA (PONV, 91.6%, RA, 75.0%) and
ketamine ranked the best with respect to the emergency time (96.0%). More importantly, placebo exhibited the
highest cumulative ranking probability with respect to the extubation time and PACU, therefore other medica-
tions may trigger several adverse effects which are reflected by longer extubation time and PACU (Extubation
Time, 80.7%; the PACU, 92.2%).

Discussion

In current study, we conducted a network meta-analysis to compare the relative efficacy and safety of six prophy-
lactic treatments including clonidine, dexmedetomidine, fentanyl, ketamine, midazolam and propofol. Our
results showed that fentanyl, ketamine, and dexmedetomidine are significantly associated with a lower risk of EA
and PAED together with enhanced effectiveness compared to the placebo. It appears that dexmedetomidine is
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Placebo 0.31(0.17,0.57) 0.26 (0.16, 0.42) 0.17 (0.08, 0.38) 0.24 (0.12,0.52) 0.71 (0.36, 1.39) 0.34(0.17, 0.69)
Clonidine 0.86 (0.41, 1.83) 0.56 (0.21, 1.50) 0.80 (0.30, 2.11) 2.31(1.04,5.12) 1.13 (0.45, 2.84)
Dexmedetomidine 0.65 (0.27, 1.58) 0.93(0.39,2.21) 2.68 (1.30, 5.54) 1.31 (0.57,3.02)
EA-Emergence Agitation Fentanyl 1.42(0.48, 4.22) 4.10(1.48,11.38) 2.00 (0.70, 5.72)
Ketamine 2.89 (1.06, 7.86) 1.41 (0.54, 3.68)
Midazolam 0.49 (0.19, 1.28)
Propofol
Placebo 0.25 (0.09, 0.69) 0.43 (0.22, 0.82) 3.06 (1.68, 5.58) 0.96 (0.47,1.97) 0.40 (0.11, 1.47) 0.64 (0.26, 1.61)
Clonidine 1.68 (0.51, 5.56) 11.99 (3.73, 38.57) 3.76 (1.10,12.92) 1.56 (0.60, 4.05) 2.52 (0.65, 9.80)
Dexmedetomidine 7.13(2.93,17.32) 2.24(0.92, 5.44) 0.93 (0.22, 4.00) 1.50 (0.49,4.62)
{’,ON.V.'P““P“*‘ﬁ"e Nausea and Fentanyl 0.31 (0.12, 0.80) 0.13 (0.03, 0.55) 0.21 (0.08,0.52)
'omiting
Ketamine 0.41 (0.09, 1.84) 0.67 (0.21, 2.15)
Midazolam 1.62 (0.33,7.98)
Propofol
Placebo 0.05 (0.00, 1.25) 0.09 (0.04, 0.22) 0.22 (0.06, 0.75) 0.24 (0.07, 0.86) 0.08 (0.01, 0.61) —
Clonidine 1.72 (0.07, 44.51) 3.99(0.14,115.87) 4.48 (0.15,131.08) 1.51 (0.04, 62.36) —
Dexmedetomidine 2.32(0.78, 6.85) 2.60 (0.98, 6.93) 0.88 (0.10, 7.74) —
RA-Requiring an Analg Fentanyl 1.12(0.26,4.75) 0.38 (0.04, 4.07) —
Ketamine 0.34 (0.03, 3.58) —
Midazolam —
Propofol
Placebo ~1.13(-4.74,2.48) | -5.18 (~7.39,-2.97) _6'2‘; §3'46’ -4.82(-6.72,-2.91) — —
Clonidine -4.04(-6.91,-1.18) | -4.87(-9.87,0.14) | —3.69 (~7.47,0.10) — —
Dexmedetomidine —0.82 (—4.93,3.29) 0.36 (—2.12,2.84) — —
PAED Pediatric Ancsthesia Fentanyl 118 (-2.77, 5.14) — -
mergence Delirium
Ketamine — —
Midazolam —
Propofol
Placebo 0.70 (~2.20, 3.60) 2.02(0.41, 3.63) 324(-0.39,6.88) | 0.61(~1.45,2.67) 0.75 (~2.30, 3.80) 2.35 (~0.65, 5.36)
Clonidine 1.32 (~2.00, 4.64) ~0.09 (-3.65,3.47) | 0.05 (-4.16,4.26) 1.65 (~2.52, 5.83) 0.80 (~3.45, 5.05)
Dexmedetomidine —1.41(-4.02, 1.20) —1.27 (-4.73,2.18) 0.33 (-2.20, 2.86) —0.52 (—4.02, 2.98)
Extubation Time Fentanyl 0.14 (-3.54, 3.82) 1.74 (-1.90, 5.39) 0.89 (-2.84,4.61)
Ketamine 1.60 (-2.68, 5.89) 0.75(-3.61,5.11)
Midazolam —0.85 (-5.18, 3.47)
Propofol
Placebo —0.85 (—5.88, 4.18) 1.69 (-0.71, 4.08) —0.69 (—4.05, 2.66) —0.42 (-5.87,5.03) 1.54 (-0.14, 3.22) —-1.74 (-7.00, 3.52)
Clonidine —0.15 (-3.07,2.78) 1.05 (—3.93, 6.04) —3.69 (-7.73,0.36) 2.31(-1.99, 6.61) 8.41 (3.83, 12.99)
Dexmedetomidine | 1.20(-3.48,5.88) | —-3.54(-7.21,0.12) | 2.46(~1.49,6.40) 8.56 (4.31,12.81)
Emergency Time Fentanyl —4.74 (-10.19,0.71) 1.26 (—4.39, 6.91) 7.36 (1.50, 13.22)
Ketamine 6.00 (1.17, 10.83) 12.10 (7.02, 17.18)
Midazolam 6.10 (0.81,11.39)
Propofol
Placebo 11.00 (3.48, 18.52) 4.29 (-0.19, 8.76) 7.31(2.68,11.93) 191 (-3.41,7.22) 10.00 (=0.74, 20.74) 2.03 (-1.90, 5.95)
Clonidine —6.71 (=15.46, 2.04) -3.69 (-11.66,4.28) | —9.09 (-18.28,0.10) | -1.00 (-14.11,12.11) | -8.97 (-17.37,-0.58)
Dexmedetomidine 3.02 (-3.41, 9.45) —2.38 (—8.74, 3.98) 5.71(-5.92,17.35) —2.26 (-8.15,3.62)
Duration of PACU Stay Fentanyl —5.40 (—12.38,1.58) 2.69 (—9.00, 14.38) —5.28 (-10.96, 0.39)
Ketamine 8.09 (—3.89, 20.07) 0.12 (—6.03,6.27)
Midazolam —7.97 (-19.41, 3.46)
Propofol

Table 3. The efficacy (emergence agitation) and tolerability (PONV, RA, PAED, extubation time,

emergency time, duration of PACU stay) of six treatments according to the network meta-analysis using
odds ratios (ORs) or standard mean differences (SMDs) and corresponding 95% credible interval (CrI).
*PACU: postanesthesia care unit.

more appropriate than others and such a conclusion is supported by Fang et al. reporting that dexmedetomidine
was the most appropriate medication with respect to EA prevention®.

One potential explanation for above conclusion is that dexmedetomidine is an «(2)-adrenoceptor agonist
with several analgesic, anxiolytic and sedative properties. It is suspected that these properties may enhance the
hemodynamic stability, hence contributing to risk reduction of EA®"%2 Tt is acknowledged that pain relief med-
icine is able to reduce anesthesia-related EA effectively**?***. However, some researchers argued that the use of
general analgesic is not effective in reducing the risk of EA>. Dahmani et al. demonstrated that the sedation trig-
gered by dexmedetomidine played a key role in reducing the risk of EA during the recovery period®. Therefore,
we suspect that the reduction in the risk of EA is likely to be triggered by the analgesic and anxiolytic roles of dex-
medetomidine. Apart from that, dexmedetomidine has somehow neuroprotective effects which are able to reduce
neurocognitive impairment resulted from anesthetics®. Meanwhile, Robert et al. reported that the neuroprotec-
tive effect of dexmedetomidine resulted from the increase of expression levels of Mdm?2 and Bcl-2, up-regulating
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Treatment effect OR 95%Crl
Clonidine —_—— 0.31(0.17,0.57)
Dexmedetomidine —— 0.26 (0.16,0.42)
Fentanyl —_—— 0.17 (0.08,0.38)
Ketamine ~ VsPlacebo o, 0.24 (0.12.0.52)
Midazolam —t 0.71(0.36,1.39)
Propofol —— 0.34 (0.17,0.69)
Dexmedetomidine —_—— 0.86 (0.41,1.83)
Ketamin je—— 080630250

etamine di —_— . .30,2.
Midazolam VS Clonidine L 2.31(1.04,5.12)
Propofol —_—— 1.13 (0.45,2.84)
Fentanyl 0.65 (0.27,1.58)
Ketamine idi . — 0.93(0.39,2.21)
Midazolam 'S Dexmedetomidine = ——¢—— 2.68 (1.30.5.54)
Propofol —_— 1.31(0.57,3.02)
Ketamine —_— 1.42(0.48,4.22)
Midazolam  vs Fentanyl ———— 4.10(1.48,11.38)
Propofol —————— 2.00 (0.70,5.72)
Midazolam . — 2.89 (1.06,7.86)
Propofol VS Ketamine — 1.41 (0.54.3.68)
Propofol vs Midazolam —_—— 0.49 (0.19,1.28)

T T T T

0.1 0.3 1 3 11

Figure 2. The forest plot of different treatment on emergence agitation from network meta-analysis.
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the neurotrophic factor-Cyclic AMP response element-binding protein (BDNF-CREB) and activating the ERK
signaling pathways®’~%.

This study demonstrates that fentanyl is particularly more effective than dexmedetomidine in reducing the
risk of EA and PAED. As suggested by Fenmei et al., fentanyl is able to reduce the risk of EA in a non-specific
way regardless of its undiscovered relationship with postoperative pain and EA%-¢2. This may be explained by
the fact that fentanyl has a durable analgesic and sedative effect. However, fentanyl has excitatory effects on the
gastrointestinal smooth muscle and both patients in the fentanyl group are more likely to experience PONV and
RA compared to those in the dexmedetomidine group. Furthermore, the effect of ketamine on risk reduction
of PAED and EA is almost equal to that contributed by dexmedetomidine which is consistent with a study con-
ducted by Dahmani et al.> ketamine is an aspartate receptor antagonist which not only exhibits similar sedative
and hypnotic effects to those of dexmedetomidine but also contain strong analgesic effects®>-.

This study is a network meta-analysis which compares different types of prophylactic treatments including
clonidine, dexmedetomidine, fentanyl, ketamine, midazolam, and propofol. However, some limitations should
be further addressed by future researchers due to the nature of network meta-analysis. For instance, there may
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Placebo 2.6 28.8 1.3 6.7 80.7 81.2 92.2 7.5 28.8 2.8 8.1 75.2 77.1 80.9
Clonidine 56.6 91.6 75.0 | 19.8 58.7 50.7 12.0 57.2 91.9 749 | 20.6 56.9 51.3 18.2
Dexmedetomidine | 66.7 73.0 74.7 | 73.8 26.3 52.8 51.2 64.5 72.9 722 | 72.8 30.7 53.1 53.2
Fentanyl 88.8 0.2 40.7 | 83.9 61.4 36.9 29.6 82.1 0.2 42.1 | 81.6 60.0 38.0 35.2
Ketamine 70.5 32.9 36.8 | 65.7 57.0 96.0 72.2 67.7 32.6 379 | 66.8 56.4 93.2 68.6
Midazolam 16.1 70.2 71.3 — 23.8 20.0 21.4 20.0 70.6 70.2 — 27.7 21.7 259
Propofol 49.1 53.3 — — 42.2 124 71.3 51.0 53.1 — — 43.1 15.7 68.0

Table 4. Relative ranking of six drugs assessed by estimated and predictive probabilities using SUCRA
values. *EA: emergence agitation; PONV: postoperative nausea and vomiting; RA: requiring an analgesic;
PAED: pediatric anesthesia emergence delirium; Figures in bold are ranked as the 3 most favorable treatments
with respect to different criteria.

be significant variations with respect to design, sample size and patient selection which cannot be incorporated
by our network meta-analysis. Apart from that, the unequal number of interventions for each endpoint did not
enable us to carry out a cluster analysis. In summary, our findings suggested that dexmedetomidine should be
considered as the most appropriate prophylactic treatment that can be introduced into sevoflurane anesthesia.
We recommend researchers to carry out specific following-up studies so that the long-term effects of these inter-
ventions can be discovered.
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