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Abstract N\

Objectives: To evaluate the efficacy and safety of caudal dexmedetomidine in pediatric caudal anesthesia (CA).

Methods: We searched PubMed, Embased, and Cochrane Library (from inception to June 2019) for eligible studies. The primary
outcomes were the time to first analgesia, time of postoperative eye opening, intraoperative endtidal sevoflurane concentration, and
postoperative sedation score. We calculated pooled risk ratios (RR) and 95% Cls using random- or fixed-effects models.

Results: Thirteen trials involving 793 patients were found. Meta-analysis showed that the time to first rescue pain medication and
the time from the end of anesthesia to eye opening in the CA+dexmedetomidine group were significantly longer than in the CA group
(P<.00001). The intraoperative end-tidal sevoflurane concentration in the CA+dexmedetomidine group was significantly decreased
(P<.00001). Dexmedetomidine appeared to increase the rate of bradycardia in the CA+dexmedetomidine group (P=.04).
Additionally, the sedation score in the CA+ dexmedetomidine group was significantly higher at 2 hours after the operation compared
with the CA group (P <.00001 at 2hours).

Conclusions: Caudally administered dexmedetomidine is a good alternative for prolonging postoperative analgesia with less pain,
decreased intraoperative end-tidal sevoflurane concentration, and full postoperative sedation.

Abbreviations: ASA = American Society of Anesthesiology, CA = caudal anesthesia, PICOS = patient, intervention, comparison,
outcome, and study design, PONV = postoperative nausea and vomiting, RCTs = randomized controlled trials, RR = risk ratios,

\

WMD = weighted mean difference.
Keywords: dexmedetomidine, meta-analysis, pediatric caudal

1. Introduction

Caudal anesthesia (CA) is one of the most popular, reliable, and
safe techniques in pediatric analgesia that can provide analgesia
for a variety of infra- and supra-umbilical surgical procedures.
The main disadvantage of a caudal epidural block is the short
duration of action after a single injection.!""*! The effectiveness of
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local anesthetics used in caudal blocks depends on the dose,
volume, and concentration of the local anesthetic solution, but
high-concentration local anesthetics can increase the incidence
of motor weakness, delayed micturition, or urinary retention.”’
In children undergoing ambulatory surgery, such adverse effects
can prolong the discharge time and might result in inadvertent
admission.

Dexmedetomidine is a highly selective a2 agonist with sedative
and analgesic properties. Dexmedetomidine possesses anxiolytic,
sedative, sympatholytic, and analgesic properties without
respiratory depressant effects.!*! In addition, dexmedetomidine
has the ability to reduce both the anesthetic and opioid analgesic
requirements during the perioperative period.”*! Our study aimed
to investigate the effect of dexmedetomidine added to caudal
anesthesia in children.

2. Methods

This systematic review was conducted according to the guidelines of
the preferred reporting items for systematic reviews and meta-
analyses (PRISMA).®! We prospectively registered our system
review at PROSPERO. (Registration number: CRD42015025393).
The proposed study will utilize published data, as such there is no
requirement for ethical approval.

2.1. Data sources and search strategy

The PubMed, Embase, and Cochrane Library databases were
searched from inception to June 2019 for relevant studies
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investigating the effect of dexmedetomidine in pediatric caudal
anesthesia. The following search terms were used: (((“Anesthesia,
Caudal” [Mesh] OR “Caudal Anesthesia> OR “Anesthesia,
Sacral Epidural” OR “Epidural Anesthesia, Sacral” OR “Sacral
Epidural Anesthesia”)) OR (“Anesthesia, Epidural” [Mesh] OR
“Anesthesia, Peridural” OR “Peridural Anesthesia” OR “Anes-
thesia, Extradural” OR “Extradural Anesthesia” OR “Epidural
Anesthesia”))) AND (“Dexmedetomidine”[Mesh] OR MPV-
1440 OR “MPV 1440” OR “MPV1440” OR Precedex OR
“Hospira Brand of Dexmedetomidine Hydrochloride” OR
“Dexmedetomidine Hydrochloride” OR “Hydrochloride, Dex-
medetomidine”). A manual search of the reference sections of
included trials, published meta-analyses, and relevant review
articles was conducted to identify additional articles. If
duplicated data were presented in several studies, only the most
recent, largest, or most complete study was included.

2.2. Study selection

Original studies included were based on PICOS (patient,
intervention, comparison, outcome, and study design) as follows:
P: American Society of Anesthesiologists (ASA) grade I/ II
pediatric patient undergoing caudal anesthesia; I and C: caudal
anesthesia with and without dexmedetomidine respectively; O:
time to first rescue pain medication, time from the end of
anesthesia to eye opening, end-tidal concentration of sevoflurane,
sedation score and postoperative side effects; S: only randomized
controlled trials (RCTs) were included. Only English-language
studies were selected.

2.3. Data extraction

Patient characteristics (number of patients, ASA rating, age,
gender, type of surgery, and anesthesia) and trial design
(intervention, follow-up time, and reported outcomes) were
recorded. If the data mentioned above were unavailable in the
article, the corresponding authors were contacted for missing
information. If the mean and variance in studies was not offered,
we would have estimated it from the median, range, and the size
of the sample based on Hozo’s study.!”! All of the data were
independently extracted using a standard data collection form by
2 reviewers (X-XW and H-JG), and then the collected data were
checked and entered into Review Manager analysis software
(RevMan) Version 5.3. All discrepancies were checked, and a
consensus was reached by discussion with a third author (D-BP).
A record of reasons for excluding studies was kept.

2.4. Assessment of study quality and risk of bias

A critical evaluation of the quality of the included studies was
performed by 2 reviewers (X-XW and H-JG) by using a 5-point
Jadad scale.'®! The main categories of the Jadad scale consist of
the following 5 areas of evaluation: “was the study described as
randomized? ”, “was the method used to generate the sequence of
randomization described and appropriate (random numbers,
computer-generated, etc.)? ”, “was the study described as double-
blind?”, “was the method of double-blinding described and
appropriate (identical placebo, active placebo, dummy, etc.)?”,
and “was there a description of withdrawals and drop-outs?”. A
score of 4 to 5 was considered high methodological quality.
Two reviewers (X-XW and H-JG) independently evaluated the
risk of bias according to the recommendations from the Cochrane
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Collaboration.” The main categories consisted of random
sequence generation, allocation concealment, blinding of partic-
ipants and personnel, blinding of outcome assessment, incom-
plete outcome data, and selective reporting and other bias. Each
domain was assessed as “high risk,” “low risk,” or “unclear
risk.” A designation of “low risk” was for items with sufficient
and correct information and a designation of “high risk” was for
incorrectly reported items. If the information of an item was
insufficient or unsanctioned, it was designated as “unclear risk.”
An “unclear risk” judgement was also made if the item was
reported, but the risk of bias was unknown. The disagreement
was solved by a senior reviewer (D-BP).

2.5, Statistical analysis

The weighted mean difference (WMD) with 95% CI was used as
a common measure of the effect between 2 groups. The meta-
analysis was conducted using Review Manager, version 5.3 (The
Cochrane Collaboration, Software Update, Oxford, UK).
Statistical heterogeneity across studies was usually investigated
using the I? statistic. When I? values of less than 50% were
determined, heterogeneity could be accepted, and the fixed-effects
model was adopted. Otherwise, 1 analytical approach is to
incorporate it into a random effects model. A random effects
meta-analysis model involves an assumption that the effects being
estimated in the different studies are not identical, but follow
some distribution. We investigated the influence of a single study
on the overall pooled estimate by omitting 1 study in each turn.
Subgroup analysis was also conducted to investigate potential
sources of between-study heterogeneity. Publication bias was
assessed by funnel plot. A P value of < 0.05 was considered
statistically significant.

2.6. Trial sequential analysis

In a meta-analysis, random errors increase the risk of type I error
due to sparse data and repetitive testing of accumulating data. In
a single trial, monitoring boundaries are used to examine how a
single randomized trial could be terminated to avoid increasing
the risk of type I error, because the outcome shows the anticipated
effect, or for futility. Similarly, trial sequential monitoring
boundaries are applied for a meta-analysis. This method of meta-
analysis is called trial sequential analysis (TSA). It can determine
whether the evidence in a meta-analysis is reliable and conclusive.
If the cumulative Z-curve crosses the trial sequential monitoring
boundary, no further trials are needed to reach the anticipated
effect. Otherwise, the conclusion is insufficient and a larger
dataset is required.

We assessed the required information size adjusted for
diversity because the heterogeneity adjustment with I* might
undervalue the required information size. The TSA was
performed to maintain an overall 5% risk of a type I error
(@=0.05) and 20% risk of a type Il error (a power of 80%). We
used software Trial Sequential Analysis (version 0.9) and provide
the 95% confidence intervals adjusted for sparse data or
repetitive testing.!'01?!

3. Results

3.1. Identification of eligible studies

In total, 211 potentially relevant abstracts were identified. After
duplicates were removed, 191 unique abstracts remained. After
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reviewing the abstracts, 17 publications seemed to meet the
inclusion criteria. Of these, 5 were excluded for the following
reasons: unpublished studies,!'* no available data on the outcome
of interest in references,***! non-English language,!*®! and caudal
anesthesia with lidocaine.'”! Finally, the remaining 12 stud-

www.md-journal.com

{egl2:3:18-27]
included in the systematic review. Data of 5 studies,
which mainly involved in sedation score, was estimated from the
median, range, and the size of the sample. A flow diagram of the

search strategy and study selection is shown in Figure 1.

with existing data met our selection criteria and were
[18,20,21,24,25]

211 records identified through
database searching

211 records before duplicates
remaved

¥
191 records screened ’

¥

17 full-text articles assessed
for eligibility

¥

13 studies included in
qualitative synthesis

13 studies included in the
meta-analysis

4.[20 duplicates removed

174 articles excluded due to
irrelevancy

4 full-text articles excluded:

1 articles (the full text was not
found)

1 article (dexmedetomidine
administrate by intravenous)

1 article ({ no available data )

1 article (Portuguese language)

Figure 1. Flow diagram of the search strategy and study selection.
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The characteristics of all included studies.

Age Jadad
Author (years) CA+dexmedetomidine CA Surgery score Premedicate
Al-Zaben 2015 1-6 0.25%bupivacaine 2 mg/kg+ 0.25%bupivacaine 2 mg/kg Infra-umbilical 5 Unknown
dexmedetomidine 1 ug/kg;
0.25%bupivacaine 2 mg/kg+
dexmedetomidine 2 ug/kg
Anand 2011 0.5-6  0.25%ropivacaine 1 mL/kg+ 0.25%ropivacaine 1 mlL/kg Lower abdominal 5 Oral midazolam (0.5 mL/kg) 1 h
dexmedetomidine 2 ug/kg; surgeries before anesthesia
Bharti 2014 1-8 0.2%ropivacaine 0.75 mL/kg+ 0.2%ropivacaine 0.75 mi/kg  Lower abdominal and 5 Oral midazolam (0.5 mL/kg) 30
dexmedetomidine 1 ug/kg; perineal surgery min before anesthesia
Cho 2015 1-6 0.15%ropivacaine 1.5 mL/kg+ 0.15%ropivacaine 1.5 miukg  Ambulatory orchiopexy 5 Unknown
dexmedetomidine 1ug/kg;
El-Hennawy 2009  0.5-6  0.25%bupivacaine 1 mL/kg+ 0.25% bupivacaine 1 ml/kg  Lower abdominal 5 Oral midazolam (0.5 mL/kg)
dexmedetomidine 2 ug/kg surgeries 20-30min before anesthesia
Fares 2014 3-12 0.25%bupivacaine 1 mL/kg+ 0.25%bupivacaine 1 mL/kg Abdominal cancer 5 Oral midazolam (0.5 mlL/kg) 1 h
dexmedetomidine 1 ug/kg; surgeries before anesthesia
Neogi 2010 1-6 0.25%ropivacaine 1 mL/kg+ 0.25%ropivacaine 1 mL/kg Elective inguinal 2 Oral midazolam (0.5 mL/kg)
dexmedetomidine 1 ug/kg; herniotomy mixed with honey 30 min
before anesthesia
Saadawy 2009 1-6 2.5 mlL/kg bupivacaine 1 ml/kg 2.5 ml/kg bupivacaine 1 Unilateral inguinal hernia 3 No premedication was given
+ dexmedetomidine 1 ug/kg; ml/kg repair/orchidopexy
She 2013 1-3 levobupivacaine + levobupivacaine Elective inguinal hernia 5 Unknown
dexmedetomidine 1 ug/kg; repair or hydrocele
levobupivacaine +
dexmedetomidine 2 ug/kg;
She 2015 1-3 0.20% levobupivacaine + 0.20% levobupivacaine Elective inguinal hernia 3 No premedicated
dexmedetomidine 2 ug/kg; repair or hydrocele
Xiang 2013 1-6 0.25%bupivacaine 1 ml/kg+ 0.25%bupivacaine 1 ml/kg Unilateral inguinal hernia 3 Oral midazolam (0.5 ml/kg) 30
dexmedetomidine 1 ug/kg repair min before anesthesia
El-Feky 2015 3-10 5ml of 0.25% bupivacaine and 5mL of 0.25% bupivacaine Lower abdominal 4 Unknown
1% lidocaine + and 1% lidocaine surgeries
dexmedetomidine 1ug/kg
Mohamed 2015 1.5-3 1% lidocaine 0.7 ml/kg + 1% lidocaine 0.7 mlL/kg Congenital hernia 4 0.01 mg/kg atropine .M. 30 min

dexmedetomidine 2 ug/kg

surgery

before shifting to operation

room

ASA=American Society of Anesthesiology, CA=caudal anesthesia.

3.2. Study characteristics

The characteristics of all the included studies are shown in
Table 1. All subjects were pediatric patients undergoing caudal
anesthesia. The quality of the included studies was evaluated by a
Jadad score. There are 9 high-quality studies (a score of 4 or 3),
and the mean score was 4 (from 2 to 5). A quality assessment of
the 12 RCTs is presented. The baseline characteristics of patients
were reported in all trials, and 9 trials mentioned the method of
random selection (Fig. 2).

These studies were published between 2009 and 2015. The
sample size of the included studies ranged from 20 to 70. All
were randomized controlled trials, and the primary end points
were time to first rescue pain medication, time to eye opening from
the end of anesthesia, end-tidal concentration of sevoflurane,
sedation score. All the others involved bupivacaine or ropivacaine.

3.3. Meta-analyses of primary outcomes
3.3.1. Time to first rescue pain medication. The aggregated

results were studied in 11 trials!®*'82%2¢271 and shown in
Figure 3. The results suggest that the time to first rescue pain
medication in CA+dexmedetomidine group was significantly
longer than in the CA group (WMD=7.32, 95% CI: 5.74-8.91,
P<.00001). Heterogeneity was noted among the studies

(I’=99%; P <.00001), and a random effect model was selected.
There were 2 different doses of dexmedetomidine in these trials
(1 png/kg and 2pglkg). We performed a subgroup analysis
according to these 2 doses, and found that the time to first
rescue pain medication in the 1pg/kg dexmedetomidine group
and in the 2 pg/kg dexmedetomidine group were both signifi-
cantly longer compared with that for the CA group [WMD: 7.06,
95% CI: 5.33-8.79, P<.00001 for 1pg/kg dexmedetomidine,
and WMD: 7.72, 95% CI: 2.94-12.51, P=.002 for 2pg/kg
dexmedetomidine]. Heterogeneity was the same in the subgroup
(?=99%; P<.00001), and a random effect model was selected.
In addition, a funnel plot was used to assess publication bias; the
result suggested that publication bias probably had some effect
on summary estimates (Fig. 4). TSA showed that cumulative Z-
curves surpassed the futility boundary and crossed the trial
sequential monitoring boundary (Fig. 5). The TSA adjusted 95%
CI was 5.74-8.91 hours.

3.3.2. Time to eye opening from the end of anesthesia. Six
studies!'87202426:27 \with a total of 420 children reported time to
eye opening from the end of anesthesia. Compared with the CA
group, the time to eye opening from the end of anesthesia was
significantly longer in the CA+dexmedetomidine group (WMD:
17.18, 95% CI: 12.58-21.77, P<.00001). Heterogeneity was
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Figure 2. Summary of review authors’ assessments of risk of bias for each
Cochrane item and each included study.

noted among the studies (I>=99%; P <.00001), and a random
effect model was selected (Fig. 6). Among 6 studies,
four1®18:23:251 reported the time of postoperative spontaneous
eye opening. Meta-analysis showed that the time of postoperative
spontaneous eye opening between the 2 groups was significantly
different, and it was longer in the CA+dexmedetomidine group
(WMD: 32.44, 95% CI: 21.01-42.86, P <.00001). TSA showed
that cumulative Z-curves surpassed the futility boundary and
crossed the trial sequential monitoring boundary (Fig. 7). The
TSA adjusted 95% CI was 2.25 to 2.85hours.

www.md-journal.com

3.4. The intraoperative end-tidal sevoflurane concentration

Four of the studies™*'®*" reported the intraoperative endtidal

sevoflurane concentration for pediatric patients in the CA
+dexmedetomidine group and in the CA group. One study!®!
did not supply the available data, but stated that the end-tidal
sevoflurane concentration was significantly lower in the CA
+dexmedetomidine group compared with the CA group during
anesthesia (P <.05). The remaining 3 studies were examined by
meta-analysis, and we also found that the end-tidal sevoflurane
concentration in the CA+dexmedetomidine group was signifi-
cantly lower compared with the CA group (WMD: —0.71, 95%
CL: —0.91 to —0.50, P<.00001). Heterogeneity was noted
among the studies (I*=72%; P=.03), and a random effect model
was selected (Fig. 8).

3.5. Sedation score in 2 hours of postoperative

Three studies*'***%1 compared the sedation score between 2

groups after 2 hours of the postoperation. The sedation score in
the CA+dexmedetomidine group was significantly higher at 2
hours after the operation compared with the CA group: WMD:
1.30, 95% CI: 0.82 to 1.78, P<.00001 at 2 hours (Fig. 9).

3.6. Adverse events

There were 12 trials!>*'3271 that reported the number of
pediatric patients who experienced various side effects after
caudal anesthesia (Table 2). The most common side effect
was postoperative nausea and vomiting (PONV). Twelve
trials!®*18-27! reported the incidence of PONV and showed no
significant difference between the CA+ dexmedetomidine group
and the CA group (OR: 1.56; 95% CI: 0.73-3.32; P=.25).
Bradycardia was assessed in 7 trials!!3721:2%25-271 and the rate of
bradycardia was significantly higher in the CA+ dexmedetomidine
group than in the CA group (OR: 4.45; 95% CI: 1.10-18.08;
P=.04). Others side effects, such as respiratory depres-
sion,! 7182024 yrinary retention,'820%3=271 hypotension, '
2125271 and  pruritis, %3 were not significantly different
between the CA+ dexmedetomidine group and CA group (Table 2).

4. Discussion

This study is an additional meta-analysis that evaluates the effect
of dexmedetomidine in pediatric caudal anesthesia. Compared
with a previous meta-analysis,*®! the present meta-analysis
included an additional 6 recent RCTs.%!1820-22:261 Our meta-
analysis showed that dexmedetomidine can significantly prolong
the time to first rescue pain medication, which is in line with the
results of previous meta-analysis. In addition, dexmedetomidine
can decrease the intraoperative end-tidal sevoflurane concentra-
tion and prolong the time to eye opening from the end of
anesthesia. Trial sequential analysis provided firm evidence of
prolonged first analgesia and postoperative eye opening
associated with caudal anesthesia plus dexmedetomidine com-
pared with caudal anesthesia without dexmedetomidine.

In our study, we identified heterogeneity in all results, which
might be due to factors such as age, region, race, and other patient
characteristics. After omitting 1 study at a time to determine the
influence of a single study on the overall pooled estimate,
heterogeneity remained. We performed subgroup analyses to
locate the source of heterogeneity, but the heterogeneity persisted
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Favor CA+dexmedetomidine

1.1.1 dexmedetomidine in different dose

Al-Zaben 2015 14.67 4.08 30 66 3 30
Anand 2011 14.5 1.64 30 55 147 30
Bharti 2014 4.98 0.35 2N 313015 20
Cho 2015 12.98 3.92 40 9.32 3.02 40
El-Feky EM 2015 817 0.23 28 54 017 29
El-Hennawy 2009 4.28 1.97 20 273 05 20
Fares 2014 19.2 4.61 20 66 344 20
Neogi 2010 15.26 0.86 25 6.32 046 25
Saadawy 2009 18.5 2.8 30 62 28 30
She 2015 19.6 4 70 723 55 70
Xiang 2013 14.67 7.39 30 517 323 30
Subtotal (95% CI) 343 344
Heterogeneity: Tau® = 6.63; Chi* = 1765.23, df = 10 (P < 0.00001); ¥ = 99%
Test for overall effect: Z = 9.05 (P < 0.00001)

1.1.2 1 ug/Kg dexmedetomidine

Al-Zaben 2015 13.48 4.04 3 6.6 3 30
Bharti 2014 4.98 0.35 20 313015 20
Cho 2015 12.98 392 40 932 3.02 40
El-Feky EM 2015 8.17 0.23 28 54 017 29
Fares 2014 19.2 4.61 20 66 344 20
Neogi 2010 15.26 0.86 25 6.32 046 25
Saadawy 2009 18.5 28 30 62 28 30
Xiang 2013 14.67 7.39 30 517 3.23 30
Subtotal (95% CI) 224 224
Heterogeneity: Tau® = 5.59; Chi* = 1382.88, df = 7 (P < 0.00001); I* = 99%

Test for overall effect: Z = 7.99 (P < 0.00001)

1.1.3 2 ug/Kg dexmedetomidine

Al-Zaben 2015 14.67 4.08 30 66 3 30
Anand 2011 14.5 1.64 30 55 147 30
El-Hennawy 2009 4.28 1.97 20 273 05 20
She 2015 19.6 4 N T8 5% M
Subtotal (95% CI) 150 150

Heterogeneity: Tau® = 23.37; Chi* = 211.96, df = 3 (P < 0.00001); I* = 99%
Test for overall effect: Z = 3.16 (P = 0.002)

Mean Difference Mean Difference
Random, 95% Random, 95%
8.7% 8.07 [6.26, 9.88) "
9.6% 9.00 [8.21, 9.79] "
9.9% 1.85[1.68, 2.02] r
9.0% 3.66 [2.13,5.19) B
9.9% 2.77 [2.66, 2.88) "
9.6% 1.55 [0.66, 2.44) I
7.9% 12.60[10.08, 15.12) i
9.8% 8.94 [8.56, 9.32) 5
9.2% 12.30[10.88, 13.72] "
9.0% 12.37[10.78, 13.96] 4
7.4% 9.50 [6.61, 12.39] i
100.0% 7.32 [5.74, 8.91) '
12.1% 6.88 [5.10, 8.66) .
13.9% 1.85[1.68, 2.02) r
12.6% 3.66 [2.13, 5.19] B
13.9% 2.77 |2.66, 2.88) 5
10.8% 12.60[10.08, 15.12] g
13.9% 8.94 [8.56, 9.32] "
12.8% 12.30[10.88, 13.72] .
10.1% 9.50 [6.61, 12.39] o~
100.0% 7.06 [5.33, 8.79)] L]
24.6% 8.07 [6.26, 9.88) .
25.3% 9.00 [8.21, 9.79] -
25.3% 1.55 [0.66, 2.44] .
24.8% 12.37[10.78, 13.96] L.
100.0% 7.72 [2.94, 12.51] &
-100 -50 0 50 100

Favor CA+dexmedetomidine CA

Figure 3. Meta-analysis of the net change in time to first rescue pain medication associated with dexmedetomidine intervention. A subgroup analysis was
performed based on different doses of dexmedetomidine. The area of each square is proportional to the inverse of the variance of the WMD. Diamonds represent
pooled estimates from inverse variance (IV) weighted random effect model. WMD = weighted mean difference.

regardless of changes made. Factors influencing heterogeneity
might be associated with age, gender, race, perioperative
situation, sample size of a single study, and so on.

Our meta-analysis expands on an earlier meta-analysis to
provide a better characterization of the evidence for dexmede-
tomidine use in caudal anesthesia. First, in our analysis, we
included more studies with larger sample sizes than in the
previous analysis, giving greater power to evaluate the effect of
dexmedetomidine in pediatric caudal anesthesia. Second, we
evaluated the time to eye opening from the end of anesthesia,
the intraoperative end-tidal sevoflurane concentration, and the
postoperative sedation score, which were not shown in the
previous meta-analysis. In addition, the rate of bradycardia was
found to be significantly higher in the CA+ dexmedetomidine
group compared with the CA group in our meta-analysis, which
was inconsistent with the results of previous meta-analysis.
Finally, we applied trial sequential analysis to identify whether
the outcomes reach a conclusive conclusion. To our knowledge,
this is the first time that trial sequential analysis has been applied
for caudal dexmedetomidine.

Nowadays, the use of opioids as additives has decreased from
36% to 18% due to the higher incidence of side-effects such as
nausea and vomiting, itching, and respiratory depression
especially in children.***%" A wide range of additives has been
used in combination with local anesthetics to promote analge-
sia,'31 which was contained dexmedetomidine. The effect of
dexmedetomidine is due to local vasoconstriction and, increased
potassium conductance in A3 and C fibers. Dexmedetomidine
enters the central nervous system either via systemic absorption
or by diffusion into the cerebrospinal fluid and reaches a2
receptors in the superficial laminae of the spinal cord and
brainstem or indirectly activates spinal cholinergic neu-
rons.[2%32:331 Ag shown in our studies, dexmedetomidine can
significantly prolong the time to first analgesia, which is the
primary analgesic effect of dexmedetomidine.

Dexmedetomidine has unique sedative properties caused by
hyperpolarization of excitable cells in the locus coeruleus.!>*!
Dexmedetomidine produces a unique form of sedation, in which
patients become responsive as well as calm and cooperative when
aroused, and then back to sleep when not stimulated. A certain
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Figure 4. The funnel plot of the time to first rescue pain medication associated with dexmedetomidine intervention. Each circle represents a single study. We could

assess the publication bias of each study by observing whether the round deviated from the central dotted line.
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Figure 5. Trial sequential analysis of the time to first rescue pain medication associated with dexmedetomidine intervention.
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Favor CA+dexmedetomidine CA Mean Difference Mean Difference
—Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95%Cl
1.2.1 postoperative eye open
Al-Zaben 2015 88.5 30 30 21 75 30 92% 67.50[56.43, 78.57] —
Anand 2011 54 18 30 4 1 30 19.8% 1.40 [0.66, 2.14] r
Bharti 2014 8.98 0.75 20 6.26 025 20 19.9% 2.72[2.37,3.07) "
Saadawy 2009 1 26 30 12 25 30 19.6% -1.00 [-2.29, 0.29] "
She 2015 102 34 70 27 9 70 121% 75.00 [66.76, 83.24] -
Xiang 2013 9.9 4.6 30 36 16 30 19.3% 6.30 [4.56, 8.04) -
Subtotal (95% Cl) 210 210 100.0% 17.18 [12.58, 21.77) L J
Heterogeneity: Tau® = 27.61; Chi* = 486.51, df = 5 (P < 0.00001); I = 99%
Test for overall effect: Z = 7.33 (P < 0.00001)
1.2.2 postoperative spontaneous eye opening
Al-Zaben 2015 88.5 30 30 21 75 30 21.1% 67.50[56.43, 78.57] —
Bharti 2014 8.98 0.75 20 626 025 20 27.7% 2.72(2.37,3.07) "
Saadawy 2009 1 26 30 12 25 30 27.6% -1.00 [-2.29, 0.29] s
She 2015 102 34 70 27 9 70 23.6% 75.00[66.76, 83.24] -
Subtotal (95% CI) 150 150 100.0% 32.44 [22.01, 42.86] <>
Heterogeneity: Tau® = 102.10; Chi* = 459.03, df = 3 (P < 0.00001); ¥ = 99%
Test for overall effect: Z = 6.10 (P < 0.00001)
-100 -50 0 50 100

Favor CA+dexmedetomidine CA

Figure 6. Meta-analysis of the net change in time to eye opening from the end of anesthesia associated with dexmedetomidine intervention. A subgroup analysis
was performed. The area of each square is proportional to the inverse of the variance of the WMD. Diamonds represent pooled estimates from inverse variance (V)
weighted random effect model.
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Figure 7. Trial sequential analysis of time to eye opening from the end of anesthesia.
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Favor CA+dexmedetomidine CA Mean Difference Mean Difference
—Study or Subgroup Mean sSD Total Mean SD Total Weight IV, Random, 95% CI 1V,

Al-Zaben 2015 1.2 0.375 30 2 025 30 389%  -0.80[-0.96, -0.64]
El-Hennawy 2009 24 07 20 26 07 20 154% -0.20 [-0.83, 0.23]
Saadawy 2009 05 0.2 30 13 02 30 457%  -0.80[-0.90,-0.70]
Total (95% CI) 80 80 100.0%  -0.71[-0.91, -0.50]

- . . Chit = = - ‘= } + t + J
Hetercgeneity: Tau® = 0.02; Chi*=7.07,df=2 (P =0.03); F=T72% -100 50 0 50 100

Test for overall effect: Z = 6.83 (P < 0.00001)

Favor CA+dexmedetomidine CA

Figure 8. Meta-analysis of the net change in intraoperative end-tidal sevoflurane concentration associated with dexmedetomidine intervention. The area of each
square is proportional to the inverse of the variance of the WMD. Diamonds represent pooled estimates from inverse variance (IV) weighted random effect model.

degree of sedation after pediatric surgery might be a desired effect
for parents. A calm and sedated child during the early
postoperative period could decrease the parent’s anxiety.**3S!
The duration of sedation was prolonged in the CA+ dexmedeto-
midine group compared with the CA group in our meta-analysis.
Dexmedetomidine was also associated with a significant
decrease in the end-tidal sevoflurane requirements compared with
the CA group. The sedative and analgesic effects of dexmedeto-
midine probably account for the anesthesia-sparing effect.
Bradycardia is considered to be a prominent adverse effect of
a2-adrenoreceptor agonists, and is caused by both an increase in
vagal tone resulting from central stimulation of parasympathetic

outflow, and reduced sympathetic drive.*®! In our meta-analysis,
we found that the rate of bradycardia in the CA+ dexmedeto-
midine group was significantly higher compared with that of the
CA group. Other adverse effects between the 2 groups were not
statistically significant. The heart rate becomes slower within a
certain range with increasing age. The age composition of the
studies included in our meta-analysis was not known, and this
might have caused bias. In addition, premedication can cause
changes in the heart rate, and the use of premedication was
different among the included studies (Table 1). Although these 2
phenomena might have influenced the results, further studies are
required to confirm this.

Favor CA+dexmedetomidine CA

Mean Difference Mean Difference

—Study or Subgroup Mean sSD Total Mean $SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
1.10.1 one hour of postoperative
El-Feky EM 2015 4 0.74 28 3 074 29 30.7% 1.00 [0.62, 1.38] s
Saadawy 2009 2 0 30 1 0§ 30 Not estimable
She 2013 2 05 khl 1 05 28 69.3% 1.00 [0.74, 1.26] i
Subtotal (95% CI) 89 87 100.0% 1.00 [0.79, 1.21]
Heterogeneity: Tau® = 0.00; Chi* = 0.00, df = 1 (P = 1.00); F = 0%
Test for overall effect: Z = 9.21 (P < 0.00001)
1.10.2 two hours of postoperative
El-Feky EM 2015 4 0.74 28 2 074 29 30.1% 2.00 [1.62, 2.38)
Saadawy 2009 2 0.25 30 1025 30 36.3% 1.00 [0.87, 1.13) E
She 2013 2 05 N 1 05 28 33.7% 1.00 [0.74, 1.26]
Subtotal (95% CI) 89 87 100.0% 1.30 [0.82, 1.78]
Heterogeneity: Tau® = 0.16; Chi* = 23,93, df = 2 (P < 0.00001); I¥ = 92%
Test for overall effect: Z = 5.29 (P < 0.00001)
1.10.3 three hours of postoperative
El-Feky EM 2015 2 0.74 28 2 0 29 Not estimable
Saadawy 2009 1 05 30 0 0 30 Not estimable
She 2013 1 0.5 31 0 05 28 100.0% 1.00 [0.74, 1.26] .
Subtotal (95% CI) 89 87 100.0% 1.00 [0.74, 1.26]
Heterogeneity: Not applicable
Test for overall effect: Z = 7.67 (P < 0.00001)
1.10.4 six hours of postoperative
El-Feky EM 2015 1 0.74 28 1 0.74 29 100.0% 0.00 [-0.38, 0.38] .
Saadawy 2009 0 0.25 30 0 0 30 Not estimable
She 2013 1 0.25 31 0 0 28 Not estimable
Subtotal (95% CI) 89 87 100.0% 0.00 [-0.38, 0.38]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
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Figure 9. Meta-analysis of the net change in the postoperative sedation score at 2 hours of postoperative associated with dexmedetomidine intervention. The area
of each square is proportional to the inverse of the variance of the WMD. Diamonds represent pooled estimates from inverse variance (IV) weighted random effect

model.
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Table 2

Side effects of included studies.

Side effects No. of study No. of patients (CA+dexmedetomidine/CA) 0dds ratio 95% Cl P value
PONV 13 397/396 1.56 0.77-3.15 22
Urine retention 9 285/283 0.65 0.18-2.34 51
Respiratory depression 7 193/192 2.37 0.34-16.33 .38
Bradycardia 7 198/197 4.45 1.10-18.08 .04
Hypotension 6 168/167 3.14 0.61-16.02 a7
Pruritis 4 95/95 1 0.17-6.05 1

CA=caudal anesthesia, PONV = postoperative nausea and vomiting.

In our meta-analysis, the patients enrolled were relatively
homogeneous. Nine studies had Jadad scores of > 4 and were of
high quality. The participants in all studies were well matched (e.g.,
sex, age, ASA grade, administration time, method of surgery/
anesthesia, etc.). However, the results in this current meta-analysis
should be interpreted with careful consideration given the
limitations inherent to the design of the study. First, some of the
major outcomes had small sample sizes, which might result in a
small-study effect. Second, this meta-analysis included 3 types of
local anesthetics which might have influenced the postoperative
analgesic effects and adverse events. Third, this meta-analysis was
based on studies published in English, which might have generated
bias. Fourth, the dose of caudal dexmedetomidine applied among
the studies was inconsistent and the missing outcome data in 3
studies!'®?%%¢! was not described. Five, the data in some studies
was shown in median and range about the time measurement,
which may lead to skew. Final, we selected published studies, and
many studies were not registered in clinical trial databases.

Nonetheless, our study provides useful evidence for future
studies of dexmedetomidine in pediatric caudal anesthesia. With
an increased sample size, the present study found that the rate of
bradycardia in the CA+dexmedetomidine group was significantly
higher compared with the CA group, and this finding was not
present in the previous meta-analysis. Therefore, attention should
continue to focus on the adverse events associated with
dexmedetomidine use in pediatric caudal anesthesia. Moreover,
the optimal dose of caudal dexmedetomidine is not known.
Further studies are recommended to assess the effect of different
doses of caudal dexmedetomidine as an adjunct to caudal
epidural block in the pediatric population.

5. Conclusions

In conclusion, caudally administered dexmedetomidine is a good
alternative for the prolongation of postoperative analgesia with
less pain, decreased intraoperative end-tidal sevoflurane concen-
tration, and full sedation postoperatively. However, some of the
results in our meta-analysis should be interpreted carefully
because of the clinical heterogeneity and insufficient data.
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