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Abstract

Background: Neuraxial application of dexmedetomidine (DEX) as adjuvant analgesic has been invetigated in some
randomized controlled trials (RCTs) but not been approved because of the inconsistency of efficacy and safety in these RCTs.
We performed this meta-analysis to access the efficacy and safety of neuraxial DEX as local anaesthetic (LA) adjuvant.

Methods: We searched PubMed, PsycINFO, Scopus, EMBASE, and CENTRAL databases from inception to June 2013 for RCTs
that investigated the analgesia efficacy and safety for neuraxial application DEX as LA adjuvant. Effects were summarized
using standardized mean differences (SMDs), weighed mean differences (WMDs) or odds ratio (OR) with suitable effect
model. The primary outcomes were postoperative pain intensity and analgesic duration, bradycardia and hypotension.

Results: Sixteen RCTs involving 1092 participants were included. Neuraxial DEX significantly decreased postoperative pain
intensity (SMD, —1.29; 95% confidence interval (Cl), —1.70 to —0.89; P<<0.00001), prolonged analgesic duration (WMD,
6.93 hours; 95% Cl, 5.23 to 8.62; P<<0.00001) and increased the risk of bradycardia (OR, 2.68; 95% Cl, 1.18 to 6.10; P=0.02).
No evidence showed that neuraxial DEX increased the risk of other adverse events, such as hypotension (OR, 1.54; 95% Cl,
0.83 to 2.85; P=0.17). Additionally, neuraxial DEX was associated with beneficial alterations in postoperative sedation scores
and number of analgesic requirements, sensory and motor block characteristics, and intro-operative hemodynamics.

Conclusion: Neuraxial DEX is a favorable LA adjuvant with better and longer analgesia. The greatest concern is bradycardia.
Further large sample trials with strict design and focusing on long-term outcomes are needed.
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Introduction clonidine [4], opioids [5—7], dexamethasone [8], ketamine [9],
magnesium [10], and midazolam [11] have demonstrated the
synergistic analgesic effect with LAs with varying degrees of
success.

Dexmedetomidine (DEX) is a clinically used anesthetic and
belongs to high selective aip-adrenergic receptors (0oAR) agonist.
Intravenous DEX exhibits synergism with regional anesthesia and
facilitates postoperative pain control [12,13] and has been
o ' . : ‘ accepted as a clinical anesthetic strategy. However, DEX has
neurotoxicity can also be increased. Therefore, adjunct analgesic not been approved by US Food and Drug Administration (FDA)
strategy is an alternative to prolong the analgesic duration,
decrease the potential risk of side effects by reducing the dose of
individual LA. Recently, several neuraxial adjuvants, including

Neuraxial anesthesia and analgesia provide solid analgesic effect
by inhibiting nociceptive transmission from peripheral to central
neuronal system [1,2]. However, their analgesic advantages might
be limited by the short life of current local anesthetics (LAs), and,
especially, be weakened during postoperative pain control [3]. The
analgesic duration can be prolonged by increasing dose of LA,
however, the risk of accompanied systemic and potential

for neuraxial administration. Pre-clinic evidences showed that
neuraxial DEX produces antinociception by inhibiting the
activation of spinal microglia and astrocyte [14,15], decreasing
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noxious stimuli evoked release of nociceptive substances [16], and
further interrupting the spinal neuron-glia cross talk and
regulating the nociceptive transmission under chronic pain
condition [17]. Thus, DEX might be an interesting adjuvant for
neuraxial anesthesia and analgesia to decrease intra- and
postoperative anesthetic consumption and prolong the postoper-
ative analgesic duration, but the potentially increased risk of
bradycardia, hypotension and neurotoxicity should be taken into
consideration in clinic settings. One recent meta-analysis reported
the facilitatory effects of perineural DEX on neuraxial and
peripheral nerve block [18] and another suggested beneficial
effects of intravenous and intrathecal DEX in spinal anesthesia
[19]. However, the results from these two meta-analyses might be
biased, because 1. the pooled results were not based on all the
currently available RC'Ts on neuraxial DEX; 2. only the primary
outcomes of the sensory and motor block durations were pooled
for neuraxial DEX; 3. the analgesic and side effects of adjunct
neuraxial DEX to LA has not been carefully investigated; 4. no
effort was made to explore the significant heterogeneity within the
RCTs. Thus, we performed the current systematic review and
meta-analysis focusing on postoperative pain outcomes (pain
intensity and analgesic duration) and major adverse events
(bradycardia and hypotension) of neuraxial DEX as an adjuvant
compared with LA alone.

Methods

We performed the current meta-analysis based on the
QUORUM (Quality of Reporting of Meta-analyses) guidelines
[20] and the recommendations of the Cochrane Collaboration

[21].

Literature Search

The electronic databases screened were MEDLINE (1990 to
June 2013), PsycINFO (1990 to June 2013), Scopus (1988 to June
2013), EMBASE (1990 to June 2013), and the Cochrane Library
(Issue 6 of 12, June 2013), including the Cochrane Central
Register of Controlled Trials (CENTRAL), Cochrane Database of
Systematic Reviews (CDSR), Database of Abstracts of Reviews of
Effects (DARE), and Health Technology Assessments (HTA) using
the search phrases (intrathecal OR spinal OR subarachnoid OR
epidural OR caudal OR intravertebral OR neuraxial) AND
(dexmedetomidine OR DEX OR Precedex). Filters were used in
PubMed and EMBase to exclude animal studies. A hand search in
reference sections of included trials, published meta-analyses, and
relevant review articles was conducted to identify additional
articles.

Study Selection

Selected studies met the following criteria: 1. Any randomized
controlled trial (RCT), controlled clinical trial, or open label trial
(OLT) designed with at least two groups that one control group
receiving pharmacological placebo (saline) in combination with
one LA, and the other group receiving DEX in combination with
one LA; 2. Neuraxial DEX was delivered via any intravertebral
routes, such as epidural, intrathecal, and caudal route in adults
and children of any sex undergoing selective surgical procedural;
3. Trials revealed at least one of primary or secondary outcomes
mentioned below.

Outcome Measurement

Primary outcomes were postoperative pain intensity within
24 hours, postoperative analgesia duration (“time to first analgesic
requirement” in hours), and major adverse events, including
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bradycardia and hypotension. Postoperative pain scores from trials
measured by verbal rating scale (VRS), visual analog scale (VAS),
pediatric observational face, leg, activity, cry, consolability
(FLACQ) pain scale, or children’s and infant’s post-operative pain
scale (CHIPPS) were pooled to evaluate postoperative pain
intensity. Four postoperative time points were pooled to assess
pain, 2 to 4 h, 6 to 8 h, 12 h, and 24 h. Different dosages of DEX
from the included studies were pooled and the dose effect was not
stratified in the current study.

Secondary outcomes were the number of postoperative
analgesic requirements, postoperative sedation scores (2 to 4 h, 6
to 8 h, 12 h, and 24 h measured by 2-point scale, 4-point scale, or
5-point scale), sensory and motor block characteristics (onset and
duration), intra-operative hemodynamic (heart rate (HR) and
mean arterial pressure (MAP) measured on 0~30 min, 30~60
min, and > 60 min), and other adverse events (nausea, vomiting,
itching, respiratory depression, urinary retention, additional
sedation, shivering, hypoxemia, cardiac arrhythmia, and agita-
tion).

Data Extraction

Characteristics of patients (number of patients, American
Society of Anesthesiologist (ASA) rating, age, gender, type of
surgery and anesthesia, body mass index (BMI)) and trials design
(intervention, follow-up time, completed rate and reported
outcomes) were also recorded. If the data mentioned above were
unavailable in the article, the corresponding authors were
contacted for missing information. If the outcomes in the
published studies were presented in a graph manner without any
description of absolute value, Image J software Version 2.1.4.7
(Image J software, National Institutes of Health, USA, http://
imagej.nih.gov) was used to restore the related data if we could not
get the original data from the authors.

All data were independently extracted using a standard data
collection forms by 2 reviewers (HH Wu and HT Wang), and then
the collected data were checked and entered into Review Manager
analyses software (RevMan) Version 5.2.7 using the double-entry
system by the other 2 reviewers ([J Jin and GB Cui). All
discrepancies were rechecked and consensus was reached by
discussion with a third author (KC Zhou) involved. A record of
reasons for excluding studies was kept. Cohen’s kappa was applied
for calculating inter-rater agreement.

Assessment of Study Quality

A critical evaluation of the included studies quality was
performed by 2 reviewers (KC Zhou and Y Chen) by using a 5-
point Jadad scale [22]. The main categories consisted of the
following 5 items: “Was the study described as randomized? (1)”,
“Was the method used to generate the sequence of randomization
described and appropriate (random numbers, computer-generat-
ed, etc)? (1), “Was the study described as double-blind? (1)”,
“Was the method of double-blinding described and appropriate
(identical placebo, active placebo, dummy, etc)? (1)”, and “Was
there a description of withdrawals and drop-outs? (1)””. A score of 4
to 5 was considered a high methodological quality.

Assessment of Risk of Bias

Two reviewers (]J Jin and GB Cui) independently evaluated the
risk of bias according to the recommendations from the Cochrane
collaboration [19,23]. The main categories consisted of random
sequence generation, allocation concealment, blinding of partic-
ipants and personnel, blinding of outcome assessment, incomplete
outcome data, and selective reporting. Each domain was assessed
to “high risk”, “low risk”, or “unclear”.
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Figure 1. PRISMA flow diagram of search strategy and study selection.

doi:10.1371/journal.pone.0093114.9001

Assessment of Heterogeneity and Publication Bias

We pooled all studies reporting the same primary or secondary
outcomes together. And then the study heterogeneity at overall
level was investigated by using a % test and calculating 1? statistic
[19,24]. When I” was 50% or lower, a low heterogeneity was rated
and the data were pooled with a fixed effect model. When 1% was
over 50%, a significant heterogeneity was rated and the data were
pooled with a random effects model [24].

Subgroup analyses were used to identify the significant
heterogeneity according to different routes of DEX delivery
(epidural, intrathecal, and caudal route), different doses of DEX
(= 5 pg and > 5 pg), and different time points after DEX
administration (2~4 h, 6~8h, 12 h, and 24 h or = 60 min and >
60 min). Furthermore, meta-regression was used to identify the
origin of heterogeneity, such as the different routes, doses, time
points, and study qualities.

We performed the sensitivity analyses to examine the effect of
primary outcomes by excluding studies with low quality or high risk of
bias, and investigated the potential publication bias by using graphical
(Begg’s funnel plot) [25] and statistical tests (Egger’s test) [26].

Statistical Analysis

Continuous variables were pooled by using either the
standardized (SMD) or weighted mean difference (WMD) with
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their 95% confidence intervals (Cls). If the 95% CI covered the
value of 0, we considered that the difference between DEX and
placebo group was not statistically significant. SMD was calculated
for postoperative pain intensity and postoperative sedation scores,
because they were measured with different scales. WMD was
calculated for postoperative analgesia duration, sensory and motor
block characteristics, and intra-operative hemodynamic, because
they were measured by the same scale. If these continuous data
were only reported as mean or median with standard error or
range, we converted them into mean with standard deviation (SD)
as previously reported [27]. Binary variables (the number of
postoperative analgesic requirements, and the primary and
secondary adverse events) were pooled by using odds ratio (OR)
with 95% Cls. If the 95% CI covered the value of 1, we considered
that the difference between DEX and placebo group was not
statistically significant. For the number of postoperative analgesic
requirements and the adverse events with statistically significant
difference between the DEX and placebo group, number need to
treat (NNT) or number need to harm (NNH) was further
calculated. The meta-analyses were performed with RevMan
5.2.7 according to Cochrane Handbook for Systematic Reviews of
Interventions [24] and further confirmed by using Stata 12.0
software (Stata Corporation, USA).
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Results

Search Results

The literature search yielded 253 citations. Initially, 46 records
were removed because of duplicate publication. On a more
detailed review, an additional 174 papers were excluded for the
following reasons: pre-clinical experiments, comments, editorial,
case reports, reviews, and data unavailable. Seventeen more
papers were further excluded because of DEX via systemic or nasal
route, lacking of parallel placebo control, and retrospective
research. Finally, the remained 16 studies [28—43] with available
data met our selection criteria and were included in the meta-
analysis. The flow diagram of search strategy and study selection
was presented in Figure 1.

Characteristics of the Included Studies

All 16 included studies [28—43] were designed as prospective,
randomized, double-blinded and placebo controlled trials, and
their main characteristics were presented in Table S1. Patients
investigated in 4 trials [29,31,35,41] were children, in 1 trial [38]
were full term parturients, and in 11 trials [28,30,32—
34,36,37,39,40,42,43] were adults of any sex. DEX delivery via
epidural route was reported in 4 trials [30,36—38], via intrathecal
route was reported in 8 trials [28,32—34,39,40,42,43], and via
caudal route was reported in 4 trials [29,31,35,41]. The doses of
DEX varied from 1 to 2 pg/kg via epidural and caudal route, and
3 to 15 pg wa intrathecal route. In total, 470 patients were
randomly assigned to receive neuraxial administration of DEX
combined with bupivacaine or ropivacaine, and 401 patients were
assigned to placebo groups receiving neuraxial administration of
saline and bupivacaine or ropivacaine.

Methodological Quality and Risk of Bias

The Jadad score of each included study was presented in Table
S1, and the median quality score was 4 (range from 3 to 5). Inter-
rater reliability for this assessment was k=0.79.

The risk of bias of included studies was presented in Table S2.
In total, 8 trials (50%) [28,29,31,35,39,40,42,43] clearly described
the procedure of randomization, and 9 trials (56%)
[28,30,31,35,38—40,42,43] reporting the methods of allocation
concealment. All trials [28—43] were double-blinded for partic-
ipants and personnel as well as outcome assessment. One trial (6%)
[38] was rated with high risk of attribution bias. All trials [28 —43]
had an unclear risk of bias on selective outcome reporting. Nine
trials (56%) [28—31,35,39,40,42,43] had a low risk of bias on

other sources of bias.

Meta-Analyses of Primary Outcomes

Postoperative pain intensity. Results were presented in
Figure 2 and Table 1. Postoperative pain intensity within 24 hours
was investigated in 6 trials [29—31,34,41,42]. The pooled analysis
revealed that neuraxial DEX was associated with a significant
reduction of postoperative pain intensity within 24 hours com-
pared with placebo group (SMD, —1.29; 95% CI, —1.70 to —
0.89; P < 0.00001). The I? value of 92% indicated significant
heterogeneity.

Further subgroup analyses according to different routes and
doses of neuraxial DEX, as well as time periods during
postoperative care did not affect the pooled results, and all of
these analyses were also influenced by heterogeneity.

Postoperative analgesia duration (‘‘time to first analgesic
requirement’ in hours). Results were presented in Figure 3
and Table 1. Postoperative analgesia duration was investigated in
8 trials [29,31,32,34—36,40,42]. The pooled analysis revealed that
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neuraxial DEX was associated with a significantly prolonged
analgesia duration compared with placebo group (WMD, 6.93
hours; 95% CI, 5.23 to 8.62; P < 0.00001). The I* value of 98%
indicated significant heterogeneity.

Further subgroup analyses according to different routes and
doses of neuraxial DEX did not affect the pooled results, and all of
these analyses were also influenced by heterogeneity.

Bradycardia. Results were presented in Figure 4. Bradycar-
dia was investigated in 7 trials [28,32,36—38,40,42]. The pooled
analysis revealed that neuraxial DEX was associated with a
significantly higher incidence of bradycardia compared with
placebo group (OR, 2.68; 95% CI, 1.18 to 6.10; P=0.02;
NNH = 14). Bradycardia outcome showed no any heterogeneity
(I* = 0%).

Hypotension. Results were presented in Figure 4. Hypoten-
sion was investigated in 7 trials [28,32,36—38,40,42] with no
difference between neuraxial DEX and placebo group (OR, 1.54;
95% CI, 0.83 to 2.85; P=0.17). Hypotension outcome showed less
heterogeneity (I? = 36%).

Meta-Analyses of Secondary Outcomes

The number of postoperative analgesic
requirements. Results were presented in Figure 5. The
number of postoperative analgesic requirements was investigated
in 5 trials [28,35,36,41,42]. The pooled analysis revealed that
neuraxial DEX was associated with a significant reduction in the
number of postoperative analgesic requirements compared with
placebo group (OR, 0.13; 95% CI, 0.07 to 0.26; P < 0.00001)
without any heterogeneity (I* = 0%).

Postoperative sedation scores. Results were presented in
Table 2. Postoperative sedation scores within 24 hours were
mvestigated in 3 trials [30,35,41]. The pooled analysis revealed
that neuraxial DEX was associated with a significant increase of
postoperative sedation within 24 hours compared with placebo
group (SMD, 0.96; 95% CI, 0.16 to 1.76; P=0.02). The I? value
of 94% indicated significant heterogeneity.

Further subgroup analysis investigating different routes of
neuraxial DEX revealed that there was no difference between
epidural DEX and placebo group in postoperative sedation scores.
In contrast, a significantly increased postoperative sedation level
was associated with caudal DEX. Another subgroup analysis
investigating different time periods showed that there was no
difference between neuraxial DEX and placebo group in
postoperative sedation scores, and all of these analyses were also
influenced by heterogeneity.

Sensory block characteristics. Results were presented in
Table 3. The onset and duration of sensory block were
investigated in 7 [28,32,36,39,40,42,43] and 6 trials
[32,33,39,40,42,43], respectively. The pooled analysis revealed
that neuraxial DEX was associated with a significantly quick onset
(WMD, —1.49 minutes; 95% CI, —2.28 to —0.70; P=0.0002)
and prolonged duration (WMD, 101.15 minutes; 95% CI, 58.09
to 144.22; P < 0.00001) of sensory block compared with placebo
group. The I? value of 89% and 98% indicated significant
heterogeneity both in onset and duration of sensory block,
respectively.

Further subgroup analysis investigating different routes of
neuraxial DEX revealed that there was no difference between
epidural DEX and placebo group in onset of sensory block. In
contrast, a significantly fast onset of sensory block was associated
with intrathecal DEX. Another subgroup analysis investigating
different doses did not affect the pooled results, and all of these
analyses were also influenced by heterogeneity.
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Study %
ID SMD (95% ClI) Weight
1 2~4 h postoperatively '
Mohamed 2012 (A) : —r -0.40 (-0.91, 0.11) 3.97
Mohamed 2012 (B) — -1.85 (-2.24, -1.08) 3.89
Xiang 2012 (A) | —— -0.11 (-0.62, 0.40) 3.97
Xiang 2012 (B) : — -0.10 (-0.61, 0.41) 3.97
Anand 2011 (A) —— -1.05 (-1.6€0, -0.51) 394
Anand 2011 (B) —— -2.85 (-2.58, -2.13) 3.73
El-Hennawy 2009 —r—— -1.73 (-2.47, -1.00) 3.72
Subtotal (I-squared = 90.2%, p = 0.000) -d:} -1.10 (-1.80, -0.40) 27.19
. 1
2 6~8 h postoperatively :
Kim 2013 — -0.69 (-1.24,-0.14) 3.93
Mohamed 2012 (A) | —— -0.51 (-1.03, 0.00) 3.97
Mohamed 2012 (B) —-0—: -2.10 (-2.74, -1.47) 3.84
Xiang 2012 — -1.98 (-2.60, -1.36) 3.85
Anand 2011 (A) i 1 -3.80 (-4.€8, -2.94) 3.58
Anand 2011 (B) —_—— : -3.09 (-3.84, -2.33) 3.69
Elhakim 2010 —p— -1.27 (-1.88, -0.€6) 3.88
El-Hennawy 2009 p—r— -0.62(-1.25,0.02) 3.84
Subtotal (I-squared = 91.2%, p = 0.000) -l'.':,‘:‘la- -1.73 (-2.48, -0.97) 30.53
2 12 h postoperatively :
Mohamed 2012 —— ! -4.92 (-5.94,-2.89) 3.32
Xiang 2012 —:0— -1.12 (-1.68, -0.57) 3.93
Elhakim 2010 — -1.38 (-1.99, -0.76) 3.85
Anand 2011 —— -2.42 (-3.09, -1.75) 3.79
El-Hennawy 2009 : —— 0.28 (-0.24, 0.90) 3.85
Subtotal (l-squared = 95.2%, p = 0.000) ==t oo= -1.86 (-3.22, -0.51) 18.76
1
4 24 h postoperatively :
Kim 2013 | 0.06 (-0.47, 0.60) 3.95
Mohamed 2012 —— -1.38 (-1.94, -0.81) 3.91
Xiang 2012 :—0— -0.82 (-1.35, -0.29) 3.95
Anand 2011 | —— 0.00 (-0.51, 0.51) 3.97
Elhakim 2010 — -1.11 (-1.71, -0.51) 3.88
El-Hennawy 2009 : —_—— 0.00 (-0.62, 0.62) 3.85
Subtotal (l-squared = 80.2%, p = 0.000) | -0.54 (-1.05, -0.03) 23.52
1
Overall (l-squared = 91.5%, p = 0.000) <> -1.29 (-1.70, -0.89) 100.00
NOTE: Weights are from random effects analysis :
| I
-5.94 0 5.94

Figure 2. Forest plot: Postoperative pain intensity within 24 hours.

doi:10.1371/journal.pone.0093114.g002

All subgroup analyses investigating different routes and doses of
neuraxial DEX as well as regression dermatomes of sensory block
did not affect the pooled results in duration of sensory block, and
all of these analyses were also influenced by heterogeneity.
Results were presented in
Table 4. The onset and duration of motor block were investigated
in 3 [28,39,40] and 7 trials [28,33,35,36,39,40,43], respectively.
The pooled analysis revealed no difference between neuraxial
DEX and placebo group in onset of motor block (WMD, —3.26
minutes; 95% CI, —6.35 to 0.02; P=0.05), and a significantly
prolonged duration of motor block with neuraxial DEX (WMD,
103.37 minutes; 95% CI, 57.03 to 149.71; P < 0.0001). The I
value of 95% and 97% indicated significant heterogeneity both in
onset and duration of motor block, respectively.

Further all subgroup analyses investigating different routes and
doses of neuraxial DEX did not affect the pooled results of onset of
motor block.

Motor block characteristics.

PLOS ONE | www.plosone.org

Further subgroup analysis investigating different routes of
neuraxial DEX revealed that there was no difference between
caudal DEX and placebo group in duration of motor block. In
contrast, a significantly prolonged duration of motor block was
associated with both epidural DEX and intrathecal DEX. Another
subgroup analysis investigating different doses did not affect the
pooled results, and all of these analyses were also influenced by
heterogeneity.

Intra-operative hemodynamic. Results were presented in
Table 5. The intra-operative HR and MAP were investigated in 7
[28,29,31,33—35,42] and 6 trials [28,29,31,33,35,42], respective-
ly. The pooled analysis revealed that neuraxial DEX was
associated with a significantly increased HR (WMD, 1.39 bpm;
95% CI, 0.29 to 2.49; P=0.01) and decreased MAP (WMD, —
1.93 mmHg; 95% CI, —3.23 to —0.64; P=0.004) compared with
placebo group. The I2 value of 94% and 68% indicated significant
heterogeneity both in HR and MAP, respectively.
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Study %
ID WMD (95% Cl) Weight
Kim 2013 16.92 (3.88,29.96) 1.52
Solanki 2013 -°- 6.96 (5.34, 8.58) 1332
Mohamed 2012 . E 3.07 (2.75, 3.38) 15.09
Anand 2011 ; - 9.00 (8.20, 9.80) 14.68
Gupta 2011 . I 3.94 (3.76, 4.12) 15.14
El-Hennawy 2009 : § ¥ 11.00 (9.09, 12.91)  12.71
Saadawy 2009 ; = 12.30 (10.88, 13.72) 13.71
Salgado 2008 = ' 2.00 (0.65, 3.35) 13.83
Overall (I-squared = 98.2%, p = 0.000) O 6.93 (5.23, 8.62) 100.00
NOTE: Weights are from random effects analysis I

’ T

T
-30 0

Figure 3. Forest plot: Postoperative analgesic duration.
doi:10.1371/journal.pone.0093114.g003

Further subgroup analysis investigating different time periods of
neuraxial DEX revealed that a significantly increased HR and
decreased MAP were associated with neuraxial DEX within 60
minutes. In contrast, a significantly decreased HR and MAP were
associated with neuraxial DEX beyond 60 minutes. Subgroup
analysis investigating different routes of neuraxial DEX revealed
that a significantly increased HR and decreased MAP were
associated with intrathecal DEX. In contrast, no difference
between caudal DEX and placebo group was detected in both
HR and MAP. And subgroup analysis investigating different doses
of neuraxial DEX revealed that a slight change of HR and
significantly decreased MAP were associated with small dose of
DEX (= 5 pg). In contrast, a significantly increased HR and slight
change of MAP were associated with high dose of DEX (> 5 pg).

Secondary adverse events. Results were presented in Table
6. Thirteen studies [28,31—38,40—43] reported the secondary
adverse events including nausea [32—34,36,38,40,42,43], vomit-
ing [28,33—35,38,41,43], itching [31,34,38,43], respiratory de-
pression [32,38,40,43], urinary retention [31,35,41], additional
sedation [32,36,40], shivering [32,36,40], hypoxemia [36,40],
cardiac arrhythmia [34] and agitation [35] in a total of 701
patients. The pooled analysis revealed no group difference
between neuraxial DEX and placebo group in all secondary
adverse events except for additional sedation (OR, 0.15; 95% CI,
0.03 to 0.64; P=0.01; NNT = 11). All of these analyses showed no
heterogeneity (12 = 0%).

Test of Heterogeneity

Significant heterogeneity was carefully considered in 2 primary
outcomes (postoperative pain intensity and analgesia duration) and
4 secondary outcomes.

Subgroup analyses. Subgroup analyses were performed to
identify the potential clinical heterogeneity according to different

PLOS ONE | www.plosone.org
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routes (epidural, intrathecal and caudal route) and doses (= 5 pg
and > 5 pug) of neuraxial DEX, different time periods after
neuraxial DEX administration (2~4 h, 4~6 h, 12 h, and 24 h, or
= 60 min and > 60 min), and different regression dermatomes of
block level (2 dermatomes and > 2 dermatomes). However, the
potential clinical heterogeneity failed to explain the study
heterogeneity.

Meta-regression. Meta-regression was performed for post-
operative pain intensity and analgesia duration to identify the
potential sources of methodological and clinical heterogeneity.
Evidence showed that neither route (Pagjuseea = 0.97 for postoper-
ative pain intensity and 0.91 for postoperative analgesia duration),
dose (P,gjusica = 0.95 for postoperative pain intensity and 0.96 for
postoperative analgesia duration), time period (Pgjusted = 0.41 for
postoperative pain intensity), nor quality (Pagjusea=0.28 for
postoperative pain intensity and 0.71 for postoperative analgesia
duration) was contributed to the study heterogeneity.

Sensitivity Analyses

Sensitivity analyses were performed in 4 primary outcomes by
excluding studies with low quality or high risk of bias. All the meta-
analyses results were not affected by the low quality or high risk of
bias of studies (Figure SI).

Publication Bias

Publication bias was found in one primary outcome (postoper-
ative pain intensity) according to both Begg’s funnel plot (Figure
S2) and Egger’s test (Table S3).

Discussion

The current systematic review and meta-analysis indicated that
DEX as a neuraxial adjuvant was associated with reduction in
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Study %
ID OR (95% Cl) Weight
1 Bradycardia
Kim 2013 —— 1.00 (0.06, 16.85) 1230
Solanki 2013 — 2.07 (0.18, 24.15) 11.92
Selim 2012 —- 14.30 (0.80, 256.11) 6.39
Gupta 2011 -+ 5.35(0.25, 116.31) 587
Al-Mustafa 2009 —— 0.24 (0.02, 2.85) 3273
Salgado 2008 — 3.39(0.72, 15.90) 2341
Schnaider 2005 - 284 (0.12,64.87) 7.38
Subtotal (I-squared = 0.0%, p = 0.453) <> 268 (1.18,6.10) 100.00
2 Hypotension
Kim 2013 1.00 (0.06, 16.85) 577
Solanki 2013 —_—— 1.52(0.42,5.47) 2295
Selim 2012 -+ 18.08 (1.02, 320.77) 282
Gupta 2011 - 2.07 (0.18, 24.15) 559
Al-Mustafa 2009 —a— 0.11(0.01, 1.05) 30.68
Salgado 2008 —_— 0.96 (0.26, 3.63) 26.61
Schnaider 2005 - 3.86 (0.40, 37.58) 559
Subtotal (I-squared = 35.6%, p=0.157) <<> 1.54 (0.83, 2.85) 100.00
T T
.00312 1 321

Figure 4. Forest plot: Primary adverse events: bradycardia and hypotension.

doi:10.1371/journal.pone.0093114.g004

postoperative pain intensity within 24 hours. The mean duration
of postoperative analgesia was prolonged by approximate 7 hours.
Additionally, neuraxial DEX was also associated with significantly
quick onset of sensory block and prolonged duration of sensory
and motor block. Intra-operative HR and MAP were also
significantly affected by neuraxial DEX. No evidence showed that
neuraxial DEX significantly increased the risk of drug-related
adverse events, such as hypotension, nausea and vomiting, except
for bradycardia.

Several reviews highlight the potential role of oy AR agonists for
postoperative pain control [44—46]. DEX, with its more favorable
pharmacokinetic and pharmacodynamic than clonidine [47],
might be an interesting option for neuraxial anesthesia and
analgesia [48]. Administered as an adjuvant, the synergistic
analgesic effect of neuraxial DEX might be contributed to its
high selective affinity to the spinal asAR that is approximately
8~10 times higher than that of clonidine [47]. There is no such
study comparing the dose equivalence and peri-operative related
cost between DEX and clonidine, but previous studies have stated
that the dose of clonidine is 1.5~4 times greater than DEX when
it is delivered via epidural route [37,49]. Since the analgesic effect
of DEX was mainly mediated via the ooAR [50], the cardio-
respiratory adverse events zia o;AR might be minimized. There
were several included studies reporting that neuraxial DEX was
assoclated with a lower inspired inhalation anesthetic concentration

PLOS ONE | www.plosone.org

[31,35,36] and bispectral index (BIS) [30] compared with placebo
group, indicating that a synergism between neuraxial DEX and LAs
yielded to anesthetic sparing and improved anesthesia.

The pooled results from our meta-analysis showed that adjunct
neuraxial DEX was associated with significantly lower pain
intensity within 24 hours postoperatively compared with placebo
group. The average decrease in pain intensity was approximate
1.3 on a VRS, VAS, FLACC, or CHIPPS scale, indicating a mild
to moderate postoperative pain relief. The previous meta-analyses
[18,19] didn’t pool this part of results because of the limited
number of included studies and significant clinical heterogeneity
(DEX wa neuraxial vs. peripheral or intravenous us. intrathecal).
We also demonstrated that the duration of postoperative analgesia
in neuraxial DEX group was prolonged by approximate 7 hours,
which was longer than previous studies (approximate 4 and
5 hours, respectively) [18,19]. This discrepancy was derived from
the clinical heterogeneity. Our further subgroup analysis revealed
the similarly prolonged duration of postoperative analgesia in
intrathecal DEX group (approximate 4.2 hours). Caudal DEX
tended to prolong more analgesic duration compared with
epidural or intrathecal DEX (10 vs. 2 vs. 4 hours), however, this
pooled results might be weakened by clinical heterogeneity that
caudal anesthesia in 4 included studies was all performed in
children.
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Figure 5. Forest plot: The number of postoperative analgesic requirements.

doi:10.1371/journal.pone.0093114.g005

The pooled results from our meta-analysis showed that adjunct
neuraxial DEX was associated with a significantly quick onset of
sensory and motor block, and prolonged duration of sensory block
compared with placebo group, which was similar to previous
reports [18,19]. Subgroup analyses revealed that a clinical
heterogeneity, such as the different routes, doses of DEX, might
influence the results. Although most of the subgroup results didn’t
reach the statistically significant difference compared with the
pooled ones, the prolonged duration of block time might be
considered clinical difference (e.g. an average prolongation of
duration of sensory block: approximate 43 minutes for = 5 pg
DEX vs. 102 minutes for > 5 pg DEX; an average prolongation of
duration of motor block: approximate 90 minutes for intrathecal

DEX vs. 120 minutes for intrathecal DEX vs. 8 minutes for caudal
DEX).

The pooled results from our meta-analysis showed that adjunct
neuraxial DEX was associated with a significant change in intra-
operative hemodynamic compared with placebo group. However,
an increase of approximate 1.4 bpm HR and decrease of 2 mmHg
MAP were considered as no clinical significance. Eight trials
[28,29,31—33,35—37] recorded the intra-operative ephedrine or
atropine consumption, and no group difference was detected
between neuraxial DEX and placebo group, suggesting an overall
stable hemodynamic and that these changes were easily reversed.

The pooled results from our meta-analysis showed that adjunct
neuraxial DEX was associated with a significantly higher

PLOS ONE | www.plosone.org

Table 2. Effect sizes and subgroup analysis of DEX on postoperative sedation.

Subgroup N* Effect size”™ (95% CI) 12 test (%) P value
All studies 3(170) 0.94 (0.16, 1.76) 94 0.02
DEX route

DEX via epidural route 1 (50) 0.26 (—0.19, 0.71) 0 0.25
DEX via caudal route 2 (120) 0.64 (0.43, 0.86) 86 < 0.00001
Postoperative time

2~4 h 2 (120) 0.61 (—1.98, 3.20) 98 0.64
6~8 h 3 (170) 1.01 (—0.58, 2.59) 95 0.21
12h 2 (110) 0.68 (—0.32, 1.67) 84 0.18

24 h 2 (110) 1.03 (0.34, 1.72) 97 0.30

* Number of trials pooled (total number of subjects).

# Effect size: standardized mean difference for postoperative sedation (point).

doi:10.1371/journal.pone.0093114.t002

March 2014 | Volume 9 | Issue 3 | €93114



Dexmedetomidine in Neuraxial Administration

#0031 LE600"dU0d [euINOf/L£EL"0L:IOp

*3|qedijdde jou ‘YN suonelrlaqqy

*(Ulw) >20|q JO1OW JO UOIRIND PUE 13SUO Y10Q JOJ DDUIYIP ueaw paiybiom :9zis 109y3 #
*(s193fgns Jo Jaquinu |e101) pajood sjeul Jo JaquInN

2000 86 (£1'181 ‘85°0%) £8°0LL (9v2) S [44(0] 86 (O¥'T 'LL0L-) SLY— (€ol) ¢ b ¢ <

100000 > 9s (Z6'vLL “LL'99) LS06 (8€l) € 9€'0 6 (02T '05L—-) OV'T— (eol) bri 6=

ssop x3a

9€'0 VN (S0'ST ‘S0'6—) 00'8 (09) L — — — — 31n04 [epned A X3a

100000 > 6 (29951 ‘08'C8) LL6LL (S¥2) S S00 56 (200 's€'9—) 9T €E— (€91) € 91Nn0J [edayienul biA X34

1000 VN (ES’EVL L¥'9€) 00°06 (9¢) L — — — — a1noJ [eanpida biA X3Q

@mnoua xaa

L0000 > L6 (LL'6YL “€0°LS) LEEOL (1¥€) £ S00 S6 (200 's€'9—) 9T €~ (€91) € salpnis ||V
onjea 4 (%) 3593 .| (ID %S6) 42zIs 12343 N onjea 4 (%) 3s°3 .| (ID %S6) ,9Zis 12943 N

(uw) >pojq Jojow jo uoneing (uw) >dojq 1030W JO 3BSUQ dnoibqns

*SD11S1BIdRIRYD XD0|q Jolow Uo X3 4O siskjeue dnoibgns pue sazis 10ay7 ‘b djqeL

€003 L LE600 U [PWINOf/L LEL"0L:1OP

*3|qedijdde jou ‘YN :suonelrliqqy

‘(Uw) >20]q AI0SUSS JO UOIRIND PUE 19SUO Y10q 10} 3DUISPIP uesw parybiom :3zis 1ayg #

*(s123[qNs Jo Jaquinu [e103) Pajood S[el] JO ISGWINN

¥000°0 L6 (68'01T ‘06'6S) 6E'SEL (z02) ¥ — — = = sawolewlsp ¢ <

100000 > 96 (CL'v6 '€L°6€) TT'LY (9Le) 9 — — — — sawiolewlsp ¢

sawojewap uoissaibay

L0'0 L6 (re08l ‘€v7) €0l (Zol) T L00 S8 (L¥'0— vl€-) 8LL— (981) v b ¢ <

L0000 > 88 (92'29 '98°€7) 90°EY (602) ¥ 00 S8 (91'0— ‘€0C—) 60°L— (L10) v b 6=

9sop X3a

100000 > 86 (Zzvrl '608S) SL°LOL (9Le) 9 €000°0 06 (£L0— "LS5T-) L9L— (S¥€) 9 91Nn0J [edayienul biA X34

— — - - €€0 VN (L¥'0 ‘LT’L—) O¥'0— (9€) L a1nou [einpida viA X3a

@nos xaa

100000 > 86 (zTyyl '60'8S) SLULOL (9Le) 9 20000 68 (0£'0— '8TC—) 6¥'L— (18¢€) £ salpnis ||V
onjea 4 (%) 3593 .| (ID %S6) 42Is 12343 N snjea 4 (%) 3s°3 .| (ID %S6) ,9ZIs 129433 N

(utw) dojq A10suss jo uoneing

(utw) ydojq A10suas jo 3dsuQ dnoibqng

'so1Isu1deIRYD H0|q Alosuas uo X3Q Jo sisAjeue dnoibgns pue sazis 10947 *€ djqel

March 2014 | Volume 9 | Issue 3 | €93114

10

PLOS ONE | www.plosone.org



Dexmedetomidine in Neuraxial Administration

90011 L£600"uU0d [euInof/L£EL°0L:I0P
‘]e3J} 0} Paau Jaquinu ‘ININ ‘Wiey 0} pasu Jaqwinu ‘HNN ‘9|qewisa jou ‘N ‘9|gedidde jou ‘YN :suoneiraiqqy
*SJUDAS DSISAPE J0J SOIlRS PPO :9ZIS 12343 #

- S00 VN (zo'L ‘v0°0) 0T'0 (£9'97) 0€/8 (£99) 0€/T L uoneyby

— VN VN aN (0) 0€/0 (0) 0€/0 1 ejwyifyue deipied)

- 950 VN (6T '¥1°0) ¥9°0 w9ool) Lv/S (91'8) 6v/v 4 elwaxodAH

— 99°0 0 (S8°€ ‘2v0) 8T'L (6£2) £L/9 (€L0L) 6£/8 € Bunanlys

L'LL INN L00 VN (#9°0 “€0°0) SL°0 (85°SL) ££/21 (€€9) 6£/5 € uolnepss [euonippy

— R 40] 0 (¥£'T '60°0) 670 (S£°€) 08/€ (ST'L) 08/L € uoiuslal suln

- VN VN aN (0) 66/0 (0) s€L/0 ¥ uoissaidap Kiojesidsay

— L0 0 (L8 ‘T1°0) 920 (ST°7) 68/ (09°'1) szL/z 14 Buiydy

— S 40] 0 (9271 '8T°0) 0£°0 (£¥'9) OLL/LL (¥0'v) €TT/6 L Buniwop

— 460 0 (68'L “1S°0) 660 (z¥01) T6L/0T (69'6) LTT/TT 8 easnep

LNN/HNN anjeA 4 (%) 3593 .| (1D %S6) 432Is Pay3 (%) 1e103/°0u dnoib auijes (%) |e303/°0u dnoib X3q salpnis jJo ‘ON SIUBAD ISIBAPY

'SJUDAD 3SI9APE A1epuodds JOo Alewwns ‘9 ajqeL

S00¥711€600"3u0d [ewInol/L /gL °0L:IOP

‘91eJ 1esy ‘YH ‘2inssaid |eusue uesw ‘dyIAl ssuonelnlIqqy

((BHWW) dyW pue (wdqg) YH Y104 J0j 2dUIaIp ueaw paiyblam :azis 109y3 #

*(s123[gns jo Jaquinu [e103) pajood sjell JO JISqUINN

1344 6L (£€'L 'TTE~) T6'0— (€02) ¥ €000°0 L. (18'9 '€0°0) tv'y (€02) ¥ bri g <

2000 L9 (88°0— OL'v—) 6¥'T— (zel) € S0 6 (6¥°L 'SL'0—) LEO (z6l) ¥ brig =

9s0p X3a

LEO 18 (S6°'L 'TTS—) ¥9'L— (091) € 190 0 (18'L '90°€—) €9°0— (091) € SinoJ |epned biA X3d

£00°0 89 (¥S'0— ‘Ov'€E—) L6'L— (esl) € £00°0 6 (0£'T "z¥°0) 95°L (€1D) ¥ 91noJ [edayienul piA X34

a1noJ XIa

100000 > 0 (S9'€— 'LT6—) €V'9— 68) T 6000 08 (6¥'0— ‘€5°€—) LOT— (o9lL) € ulw 09 <

00 69 (r0'0— ‘SLT—) 6€L— (€1€) 9 ¥00°0 S6 (8€°€ ‘€9°0) 00T (€£€) £ ulw 09 =

uolnelsiuiwpe X3 Jaye awi|

¥00°0 89 (¥9'0— '€TE~) €6'L— (€1€) 9 100 6 (6v'C '6T°0) 6€'L (€£€) £ salpnis I
eanjead (%) 3533 I (1> %S6) 4321s 1343 N anjeAa 4 (%) 3593 .| (1D %S6) 32Is 312933 N

(BHWwW) dv (wdq) ¥H dnoibqns

“lweudpowsy uo X3 jo sisAjeue dnoibgns pue sazis 10947 °S d|qgel

March 2014 | Volume 9 | Issue 3 | €93114

1

PLOS ONE | www.plosone.org



incidence of bradycardia (NNH =14) compared with placebo
group, which was in agreement with previous reports [18,19]. No
evidence showed any increased risk of other adverse events, such
as hypotension, nausea and vomiting. Six trials [28,32,33,39,42,43]
reported that no patient suffered from neurological impairment
within 1 to 2 weeks follow-up.

However, our results might be weakened by several limitations.
First, there were high heterogeneity in 2 primary outcomes
(postoperative pain intensity and analgesia duration) and 4
secondary outcomes, since we pooled different route and dose of
neuraxial DEX different type of anesthesia, surgical procedural,
and LAs, different postoperative time period, and different age and
gender together in our analyses. Although a series of subgroup
analyses and meta-regression were performed to identify the
potential clinical and methodological heterogeneity, we failed to
consolidate any cause to the significant heterogeneity. Thus, we
used random effect model to modify the potential influence of
heterogeneity on the result validity with wide 95% CI. Second, the
limited number of included studies with varied clinical heterogene-
ity did not allow us to perform a detailed meta-regression including
all possible predictors. Third, one primary outcome (postoperative
pain intensity) might be influenced by publication bias indicated by
Begg’s funnel plot and Egger’s test, since positive results are always
more frequently published than the negative ones. A sensitivity
analysis by excluding studies with low quality or high risk of bias
revealed that the model and statistical assumptions did not influence
our pooled results [51]. Fourth, six included studies with low Jadad
scores [32—34,36,37,41] and 1 study with high risk of attrition bias
[38] might influence our pooled results. Finally, although we have
confirmed the favorable safety profile of neuraxial DEX in short-
term, long-term outcomes concerning potential neurotoxicity and
delayed neurological impairments are lacking.

Conclusion

Our evidence demonstrated that neuraxial DEX is a favor-
able LA adjuvant with decreased postoperative pain intensity,
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prolonged analgesic duration and improved neuraxial anesthesia.
The greatest concern is bradycardia. Since DEX has not been
approved in most countries for neuraxial use yet, urge cautions
regarding the use of neuraxial DEX are highlighted in medical
practice. Further trials with strict design and focusing on long-term
outcomes are warranted.

Supporting Information

Figure S1 Sensitivity analysis. A: postoperative pain inten-
sity, B: postoperative analgesic duration, C: bradycardia, and D:
hypotension.

(T1TE)

Figure S2 Begg’s funnel plot. A: postoperative pain intensity,
B: postoperative analgesic duration, C: bradycardia, and D:
hypotension.

(TIF)

Table S1 Main study characteristics.
(DOC)

Table $2 Risk of bias for each included study.
(DOC)

Table S3 Egger’s test of primary outcomes.
(DOC)

Checklist S1 PRISMA checklist.
DOC)

Author Contributions

Conceived and designed the experiments: HHW WW GZC. Performed
the experiments: HHW HTW JJJ GBC KCZ YC. Analyzed the data:
HHW HTW. Contributed reagents/materials/analysis tools: YLD WW.
Wrote the paper: HHW WW.

randomized, double-blind trial in patients undergoing lower extremity surgery.
Journal of anesthesia 25: 892—897.

Prochazka J, Hejcl A, Prochazkova L (2011) Intrathecal midazolam as
supplementary analgesia for chronic lumbar pain—15 years’ experience. Pain
medicine 12: 1309—1315.

. Adams R, Brown GT, Davidson M, Fisher E, Mathisen J, et al. (2013) Efficacy
of dexmedetomidine compared with midazolam for sedation in adult intensive
care patients: a systematic review. British journal of anaesthesia 111: 703—710.

. Abdallah FW, Abrishami A, Brull R (2013) The facilitatory effects of intravenous
dexmedetomidine on the duration of spinal anesthesia: a systematic review and
meta-analysis. Anesthesia and analgesia 117: 271—278.

. Li SS, Zhang WS, Ji D, Zhou YL, Li H, et al. (2013) Involvement of spinal
microglia and interleukin-18 in the anti-nociceptive effect of dexmedetomidine
in rats subjected to CCI. Neuroscience letters.

15. Degos V, Charpentier TL, Chhor V, Brissaud O, Lebon S, et al. (2013)
Neuroprotective effects of dexmedetomidine against glutamate agonist-induced
neuronal cell death are related to increased astrocyte brain-derived neurotrophic
factor expression. Anesthesiology 118: 1123—1132.

. Liu YL, Zhou LJ, Hu NW, Xu JT, Wu CY, et al. (2007) Tumor necrosis factor-
alpha induces long-term potentiation of C-fiber evoked field potentials in spinal
dorsal horn in rats with nerve injury: the role of NF-kappa B, JNK and p38
MAPK. Neuropharmacology 52: 708—715.

. LiuL, JiF, Liang J, He H, Fu Y, et al. (2012) Inhibition by dexmedetomidine of
the activation of spinal dorsal horn glias and the intracellular ERK signaling
pathway induced by nerve injury. Brain Res 1427: 1—9.

. Abdallah FW, Brull R (2013) Facilitatory effects of perineural dexmedetomidine
on neuraxial and peripheral nerve block: a systematic review and meta-analysis.
British journal of anaesthesia 110: 915—925.

. Niu XY, Ding XB, Guo T, Chen MH, Fu SK, et al. (2013) Effects of intravenous
and intrathecal dexmedetomidine in spinal anesthesia: a meta-analysis. CNS
neuroscience & therapeutics 19: 897—904.

March 2014 | Volume 9 | Issue 3 | €93114



20.

21.

22.

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, et al. (1999) Improving the
quality of reports of meta-analyses of randomised controlled trials: the
QUOROM statement. Quality of Reporting of Meta-analyses. Lancet 354:
1896—1900.

Bero L, Rennie D (1995) The Cochrane Collaboration. Preparing, maintaining,
and disseminating systematic reviews of the effects of health care. JAMA : the
journal of the American Medical Association 274: 1935—1938.

Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, et al. (1996)
Assessing the quality of reports of randomized clinical trials: is blinding
necessary? Control Clin Trials 17: 1—12.

Gurusamy KS, Gluud C, Nikolova D, Davidson BR (2009) Assessment of risk of
bias in randomized clinical trials in surgery. The British journal of surgery 96:
342—349.

Higgins JPT GS (2009). Cochrane Handbook for Systematic Reviews of
Interventions Version 502 [updated September 2009]. The Cochrane
Collaboration.

. Begg CB, Mazumdar M (1994) Operating characteristics of a rank correlation

test for publication bias. Biometrics 50: 1088—1101.

Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis
detected by a simple, graphical test. BM]J 315: 629—634.

Hozo SP, Djulbegovic B, Hozo I (2005) Estimating the mean and variance from
the median, range, and the size of a sample. BMC Med Res Methodol 5: 13.
Al-Mustafa MM, Abu-Halaweh SA, Aloweidi AS, Murshidi MM, Ammari BA,
et al. (2009) Effect of dexmedetomidine added to spinal bupivacaine for
urological procedures. Saudi medical journal 30: 365—370.

Anand VG, Kannan M, Thavamani A, Bridgit MJ (2011) Effects of
dexmedetomidine added to caudal ropivacaine in paediatric lower abdominal
surgeries. Indian J Anaesth 55: 340—346.

Elhakim M, Abdelhamid D, Abdelfattach H, Magdy H, Elsayed A, et al. (2010)
Effect of epidural dexmedetomidine on intraoperative awareness and post-
operative pain after one-lung ventilation. Acta anaesthesiologica Scandinavica
54: 703—=709.

El-Hennawy AM, Abd-Elwahab AM, Abd-Elmaksoud AM, El-Ozairy HS,
Boulis SR (2009) Addition of clonidine or dexmedetomidine to bupivacaine
prolongs caudal analgesia in children. British journal of anaesthesia 103: 268 —
274.

Gupta R, Bogra J, Verma R, Kohli M, Kushwaha JK, et al. (2011)
Dexmedetomidine as an intrathecal adjuvant for postoperative analgesia. Indian
journal of anaesthesia 55: 347—351.

Kanazi GE, Aouad MT, Jabbour-Khoury SI, Al Jazzar MD, Alameddine MM,
et al. (2006) Effect of low-dose dexmedetomidine or clonidine on the
characteristics of bupivacaine spinal block. Acta anaesthesiologica Scandinavica
50: 222—-227.

Mohamed AA, Fares KM, Mohamed SA (2012) Efficacy of intrathecally
administered dexmedetomidine versus dexmedetomidine with fentanyl in
patients undergoing major abdominal cancer surgery. Pain physician 15:
339—348.

Saadawy I, Boker A, Elshahawy MA, Almazrooa A, Melibary S, et al. (2009)
Effect of dexmedetomidine on the characteristics of bupivacaine in a caudal
block in pediatrics. Acta anaesthesiologica Scandinavica 53: 251—256.

PLOS ONE | www.plosone.org

13

36.

37.

38.

39.

40.

41.

43.

44.

46.

47.

48.

49.

50.

Dexmedetomidine in Neuraxial Administration

Salgado PF, Sabbag AT, Silva PC, Brienze SL, Dalto HP, et al. (2008)
[Synergistic effect between dexmedetomidine and 0.75% ropivacaine in epidural
anesthesia]. Rev Assoc Med Bras 54: 110—115.

Schnaider TB, Vieira AM, Brandao AC, Lobo MV (2005) [Intraoperative
analgesic effect of epidural ketamine, clonidine or dexmedetomidine for upper
abdominal surgery.]. Revista brasileira de anestesiologia 55: 525—531.

Selim MF, Elnabtity AM, Hasan AM (2012) Comparative evaluation of epidural
bupivacaine - dexmedetomidine and bupivacaine -fentanyl on Doppler
velocimetry of uterine and umbilical arteries during labor. J Prenat Med 6:
47—54.

Shukla D, Verma A, Agarwal A, Pandey HD, Tyagi C (2011) Comparative
study of intrathecal dexmedetomidine with intrathecal magnesium sulfate used
as adjuvants to bupivacaine. Journal of anaesthesiology, clinical pharmacology
27: 495—499.

Solanki SL, Bharti N, Batra YK, Jain A, Kumar P, et al. (2013) The analgesic
effect of intrathecal dexmedetomidine or clonidine, with bupivacaine, in trauma
patients undergoing lower limb surgery: a randomised, double-blind study.
Anaesthesia and intensive care 41: 51—56.

Xiang Q, Huang DY, Zhao YL, Wang GH, Liu YX, et al. (2013) Caudal
dexmedetomidine combined with bupivacaine inhibit the response to hernial sac
traction in children undergoing inguinal hernia repair. British journal of
anaesthesia 110: 420—424.

. Kim JE, Kim NY, Lee HS, Kil HK (2013) Effects of intrathecal dexmedeto-

midine on low-dose bupivacaine spinal anesthesia in elderly patients undergoing
transurethral prostatectomy. Biological & pharmaceutical bulletin 36: 959—965.
Hala E A Eid MAS, Hend Youssef (2011) Dose-related prolongation of
hyperbaric bupivacaine spinal anesthesia by dexmedetomidine. Ain Shams
Journal of Anesthesiology 4: 83—95.

Blaudszun G, Lysakowski C, Elia N, Tramer MR (2012) Effect of perioperative
systemic alpha2 agonists on postoperative morphine consumption and pain
intensity: systematic review and meta-analysis of randomized controlled trials.

Anesthesiology 116: 1312—1322.

. Chan AK, Cheung CW, Chong YK (2010) Alpha-2 agonists in acute pain

management. Expert opinion on pharmacotherapy 11: 2849—2868.

Gurbet A, Basagan-Mogol E, Turker G, Ugun F, Kaya FN, et al. (2006)
Intraoperative infusion of dexmedetomidine reduces perioperative analgesic
requirements. Canadian journal of anaesthesia = Journal canadien d’anesthesie
53: 646—652.

Bagatini A, Gomes CR, Masella MZ, Rezer G (2002) [Dexmedetomidine:
pharmacology and clinical application.]. Revista brasileira de anestesiologia 52:
606—617.

Ramadhyani U, Park JL, Carollo DS, Waterman RS, Nossaman BD (2010)
Dexmedetomidine: clinical application as an adjunct for intravenous regional
anesthesia. Anesthesiology clinics 28: 709—722.

De Kock M, Wiederkher P, Laghmiche A, Scholtes JL (1997) Epidural clonidine
used as the sole analgesic agent during and after abdominal surgery. A dose-
response study. Anesthesiology 86: 285—292.

Fairbanks CA, Stone LS, Wilcox GL (2009) Pharmacological profiles of alpha 2
adrenergic receptor agonists identified using genetically altered mice and
isobolographic analysis. Pharmacology & therapeutics 123: 224—238.

. Borenstein M, Hedges L, Higgins J, Rothstein H (2009) Introduction to Meta-

analysis. Chichester: Wiley.

March 2014 | Volume 9 | Issue 3 | €93114



