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Purpose: To compare the effects of dexmedetomidine (Dex) and fentanyl as adjuvants to local
anesthetics in spinal anesthesia.

Methods: Two researchers independently searched the PUBMED, EMBASE, Cochrane
library, and CBM for randomized controlled trials comparing the effects of Dex and fentanyl
as adjuvants to local anesthetics for intrathecal injection.

Results: A total of 639 patients from nine studies were included in this meta-analysis. The
results showed that Dex resulted in statistically significant longer duration of stable sensory
block (mean difference [MD] =27.12; 95% confidence interval [CI] [9.89, 44.34], P<<0.01,
I’=97%), sensory block (standardized mean difference [SMD] =3.81; 95% CI [2.35, 5.27],
P<0.01, I’=97%), motor block (SMD =3.64; 95% CI [2.19, 5.08], P<0.01, *=97%), and
pain free period (SMD =2.98; 95% CI [1.69, 4.27], P<<0.01, I*’=96%); reducing the incidence
of pruritus (relative risk [RR] =0.15; 95% CI [0.06, 0.39], P<<0.01, /°=0%) compared with
fentanyl. However, the onset of sensory and motor block, the time to peak sensory level, and
the incidence of hypotension and bradycardia, and the side effects (nausea, vomiting, shivering
and respiratory depression) were not significantly different between Dex and fentanyl.
Conclusion: Compared to fentanyl, Dex as local anesthetics adjuvant in spinal anesthesia
prolonged the duration of spinal anesthesia, improved postoperative analgesia, reduced the
incidence of pruritus, and did not increase the incidence of hypotension and bradycardia.
Keywords: dexmedetomidine, fentanyl, meta-analysis, spinal anesthesia

Introduction
Spinal anesthesia is a safe and reliable method of anesthesia for abdominal and lower
limb surgery, with the advantages of rapid onset of action, economical and easy to
administer, and a relatively low side effects rate and shorter post-anesthesia care unit
stay.!? However, these advantages may be offset by the limited duration of action, or
an increased likelihood of motor power recovery delay, thus delaying ambulation and
prolonged hospital stay.* In order to improve the quality of blockage and prolong
the duration of analgesia, and reduce the required dose of local anesthetics, thereby
reducing the incidence of side effects caused by the use of high-dose local anesthetics,
such as late and severe bradycardias, hypotension, nausea, and vomiting, appropriate
adjuvants are commonly used for intrathecal local anesthetics.>®

It has been found that many drugs, such as opioids (morphine, fentanyl, and sufen-
tanil), o, adrenergic agonists (dexmedetomidine [Dex] and clonidine), magnesium
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sulfate, neostigmine, ketamine, and midazolam, can be used
as adjuvants for intrathecal local anesthetics to improve the
quality of spinal anesthesia.” However, the opioids and o,
adrenergic agonists are more commonly used as adjuvants
in clinical practice. During the intrathecal or epidural
administration, fentanyl has a more rapid onset and shorter
duration of action than morphine, which has become one of
the most commonly used neuraxial opioids. Dex, a selec-
tive 0., adrenergic receptor agonist, has been shown to be a
better adjuvant of local anesthetics for neuraxial blocks,* '
although clonidine is the first clinically used intrathecal
o,,-adrenoreceptor agonist.'!

There is limited research of multi-center large sample
randomized controlled trials (RCTs) to evaluate the advan-
tages or disadvantages between Dex and fentanyl as local
anesthetics adjuvants in spinal anesthesia. Moreover, some
of'their results were disputable. Therefore, the present meta-
analysis was performed to confirm their conclusions using
a large sample size.

Methods

Searching strategy

Two researchers searched PUBMED, EMBASE, Cochrane
library, and CBM independently. The mesh and key-
words used for the searches included: “Dex”, “Fentanyl”,
“Anesthesia, Spinal”, “Injections, Spinal”, “Bupivacaine”,
“ropivacaine”, and “Randomized controlled trial”. The
latest search was done on May 20, 2017. Furthermore, the
investigators scanned references of these articles to prevent
missing articles.

Study inclusion criteria

The trials included in our meta-analysis: adult patients
(aged =18 years) undergoing spinal anesthesia were randomly

Table | Characteristics of the included studies

assigned to groups (at least two groups), including Dex alone as
an adjuvant to local anesthetics and fentanyl alone as an adju-
vant to local anesthetics. Children, diabetics, drug addicts, and
those with contraindications to spinal block were excluded.

Data extraction

Data extraction and study characteristics

Two reviewers independently selected eligible studies, using

a standard data collection table to extract data and record the

trial characteristics. For each study, the following informa-

tion was collected: the first author’s name, date of publica-
tion, number of patients, peak sensory block level, types of
surgery, the drugs and total volume for spinal anesthesia

(Table 1).

e The onset of sensory block: the time between intrathecal
injection to the T12 or higher dermatome.

e The onset of motor block: the time between intrathe-
cal injection to the modified Bromage score (modified
Bromage scale: 0=no motor loss, 1=inability to flex the
hip, 2= inability to flex the knee, 3= inability to flex the
ankle)'? of 1 or higher score.

e Time to peak sensory level: the time to the highest der-
matomal level of sensory block.

e Duration of stable sensory block: the time of regression
to T10 or two dermatome segments from the maximum
sensory block level.

e Duration of sensory block: the time of regression to S1
from the maximum sensory block level.

e Duration of motor block: the time of regression to modi-
fied Bromage score of 0.

e Pain free period: the time from intrathecal injection to the
first time of complaint about pain or rescue analgesia.

e Side effects: the occurrence of nausea, vomiting, shiver-
ing or respiratory depression.

Study Year Application Sample Local Total PSBL (D/F) Operation

(ng) size anesthetics volume

(mg) (mL)

Qietal® 2016  NS/D5/FI5 36/36/36 Rop 7.5 2 T 9.64£2.31/T9.86+2.03* Hysteroscopic procedures
Basuni and Ahmed Ezz'> 2014 D3/FIO0 30/30 Bup 4 3 T8 (6—11)/T8 (5-11)* Knee arthroscopy
Suresh and Prasad'? 2016 D5/F25 30/30 Bup 12.5 3 T6 (4-8)/T8 (6—10)* Lower abdominal surgeries
Lietal" 2015 NS/DI0/C75/FI5  21/21/21/21  Bup 10 4 T4 (44%)/T4 (42%) Cesarean section
Nayagam et al'® 2014 D5/F25 75175 Bup 4 1.6 T4 (4%)/T6 (9%)° Lower abdominal surgeries
Gupta et al'® 2011 D5/F25 30/30 Bup 12.5 3 T5 (4-8)/T6 (4-7)* Lower abdominal surgeries
Al-Ghanem et al'” 2009 D5/F25 38/38 Bup 10 2.5 T6 (4-9)/T6 (3-8)* Gynecological operation
Sun et al'® 2015 NS/F25/D10 30/30/30 Bup 10 3 T4 (44%)/T4 (40%)° Cesarean section
Mahendru et al'® 2013  NS/D5/C30/F25  30/30/30/30 Bup 12.5 3 T6 (26.7%)/T6 (13.3%)*  Lower limb surgery

Notes: *Values are mean + standard deviation; *data presented as median (range); *highest sensory block level (%).
Abbreviations: NS, saline; D, dexmedetomidine; F, fentanyl; Rop, ropivacaine; Bup, bupivacaine; C, clonidine; PSBL, peak sensory block level; T, thoracic level.
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The level of sensory block was tested bilaterally along the
mid-clavicular lines by pin prick, while the motor block was
assessed according to the modified Bromage scale.

Assessment of risk of bias

Two reviewers independently read and evaluated the meth-
odological validity of all eligible studies using Cochrane
Handbook v5.0.2. Any discrepancies were resolved through
joint discussion, if necessary, a third researcher assisted in the
decision. The following information was evaluated: random
sequence generation, allocation concealment, blinding,
incomplete outcome data, selective reporting, other bias, and
each of them was graded as “high risk of bias”, “uncertain
risk of bias”, “low risk of bias”.

Statistical analysis

Quantitative analyses of all included RCTs were performed
using Review Manager Software (version 5.3; Cochrane Col-
laboration, Copenhagen, Denmark). For dichotomous data,
risk ratios with 95% confidence intervals (CIs) were computed
using the Mantel-Haenszel method. When the measuring
methods or indicator units used for the same interventions
were different, or the mean difference (MD) between the
different studies was large, the standardized mean difference
(SMD) with 95% CIs were calculated using the inverse vari-
ance method, otherwise the MD with 95% CIs were calculated
using the same method for continuous data. Meta-analysis was
not performed for studies which did not report mean and SD or
standard error of the mean (SEM). For heterogeneity analyses:
data that were not significantly homogeneous (/°<50%) were
analyzed with a fixed-effect model, otherwise, a random effect
model was selected. When there was significant heterogeneity,
we looked for possible causes of heterogeneity and performed
subgroup analysis and sensitivity analysis to eliminate het-
erogeneity as much as possible.

Results

Characteristics and risk of bias of

eligible trials

The flow chart of our study is shown in Figure 1. A total
of nine RCTs were identified, involving 639 patients
(320 received Dex and 319 fentanyl). The results of the
included studies in the meta-analysis were shown in Tables 2
and 3. Eight studies'>"” used bupivacaine (two of these were
low-dose bupivacaine) and one study® used ropivacaine for
spinal anesthesia. In these studies, five compared Dex with
fentanyl,%'%!3181 and the other two compared Dex with
fentanyl and saline,'®!” the remaining two compared Dex

Articles identified
through database
searching n=299

Duplicated articles
n=22

y

Articles after
duplicates removed
n=277

Article not clinical
trial n=73

y

Clinical trials n=204

Titles or abstracts
not suitable to the
research question

n=195
y
Possibly useful articles
n=9
Full-text article
> not available
n=1

y

Full-text articles
assessed for eligibility
n=8

One article obtained
through references
n=1

y

Final included
articles n=9

Figure | Flow chart for article selection in the meta-analysis.

with fentanyl and clonidine as well as saline.'*!> This meta-
analysis only compares Dex with fentanyl, so we neglected
clonidine and saline. The two reviewers were perfectly
consistent on the risk of bias assessment, which showed
that overall study quality was moderate. The risk-of-bias
plot was created using the Review Manager 5.3 software,
as shown in Figure 2.

The onset of sensory block

Six RCTs!241517-19 reported the onset of sensory block, but
two of them described only the mean of the index without
the SD, and the meta-analysis contained only the remaining
four (Figure 3). The result of meta-analysis showed that there
was no significant difference of the onset of sensory block
between the two groups (MD =-0.49; 95% CI [-1.12, 0.14],
P>0.05, I*=60%).

The onset of motor block

Eight studies®!>1416-1 compared the onset time of motor
block of Dex and fentanyl as local anesthetic adjuvants for
intrathecal injection. There was significant heterogeneity

Drug Design, Development and Therapy 2017:1 |
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Table 2 The summary of results from individual studies

Study Year  Application The onset The onset of  Time to peak Duration of Duration of
of sensory motor block sensory level stable sensory sensory
block (min)* (min)* (min)* block (min)* block (min)*

Qietalt 2016 D 20.4245.25 10.78+5.94 191.25+40.24

F 18.94+4.45 9.1945.61 149.86+37.46

Basuni and Ahmed Ezz'2 2014 D 3.9+1.2 14.1+£2.3 10.7+2.3 73.9£13.9

F 5.1£1.5 18.9+4.1 13.8+4.4 64.9+11.3
Suresh and Prasad"? 2016 D 5.71£1.369 6.37£1.06 110.33+11.54 453.67+23.26

F 5.41£1.69 6.52+1.90 81.50+15.6 180.70+18
Li et al't 2015 D 724225 8.10+3.55 155.9+19.85 225.73+47.88

F 7.3+2.80 8.47+2.18 127.71+18.36 181.0+35.43
Nayagam et al'® 2014 D 4.9+0.92 12.9£3.131 61.79+5.86

F 5.1+0.82 11.8+2.156 60.241+4.89
Gupta et al'® 2011 D 11.6x1.8 12.3+1.8 120+22.2 476120

F 11.2£1.3 12.1+1.7 76+20.3 187+12.3
Al-Ghanem et al"’ 2009 D 7.5%74 14.4+6.7 19.34+2.87 274.8+73.4

F 74+33 14.3+£5.7 18.39+2.46 179.5+47.4
Sun et al'® 2015 D 7.1+2.25 8.10+3.55 152.9+39.62 211.73£51.88

F 7.4+2.80 8.47+2.18 117.71+21.36 179.0+38.83
Mahendru et al"? 2013 D 8.3+24 9.7+3.2 10.3£3.3 146.7120.5

F 8.6%1.5 9.0£3.0 9.6+2.9 119.5+22.7

Note: *Values are mean + standard deviation.

Abbreviations: D, dexmedetomidine; F, fentanyl.

among the results (/’=80%), and the random effect model

was used for meta-analysis (Figure 4A). The result showed

that there was no significant difference between the two
groups (MD =-0.28; 95% CI [-1.34, 0.79], P>0.05,

=80%).

Table 3 The summary of results from individual studies

Sensitivity analysis
There was a study'? of spinal anesthesia with a low dose of

local anesthetic (bupivacaine only 4 mg), which may have

resulted in heterogeneity among studies, after removing the

study there was no heterogeneity between the remaining

Study Year Application Duration of motor Pain free Hypotension/ Pruritus® Side
block (min)* period (min)*  bradycardia* effects”

Qietalt 2016 D 146.31+40.72 0/3 0 15

F 80.28+41.18 0/2 13 12
Basuni and Ahmed Ezz'> 2014 D 73.318.5 126.6£12.9 0/1 0 0

F 64.2+11.9 70.2+8.4 2/0 0 0
Suresh and Prasad"? 2016 D 407.53£18.91 231.93+17.83 5/9 0 6

F 149.37£12.00 160.13x15 5/2 3 7
Lietal" 2015 D 128.55+28.90 360.52+29.57 3/1 | 2

F 130.65+29.87 275.72425.16 32 | 4
Nayagam et al'® 2014 D 8.20+2.78 (h)

F 6.64+2.32 (h)
Gupta et al'® 2011 D 42121 251.7+30.69 3/1 0 |

F 149.3£18.2 168.96x15.96 2/0 | 3
Al-Ghanem et al"’ 2009 D 240+64 4/2 0 2

F 155+46 9/3 5 4
Sun etal'® 2015 D 128.55+28.90 352.45+26.17 4/2 | 3

F 130.65+29.87 265.72+25.16 4/2 | 8
Mahendru et al"? 2013 D 273.3+24.6 295.5+44.3 0/1 0 0

F 196.0+26.8 235.5+38.3 0/0 4 |

Notes: *Values are mean + standard deviation; #values are numbers.
Abbreviations: D, dexmedetomidine; F, fentanyl.
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Random sequence generation (selection bias) _:l

Allocation concealment (selection bias) - |

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) ;
Incomplete outcome data (attrition bias) _:l

Selective reporting (reporting bias) _

0% 25% 50% 75% 100%

B Low risk of bias

Unclear risk of bias [l High risk of bias |

Figure 2 The risk of bias assessment of the included studies.
Note: There were no high risk of bias found in these studies.

studies (/’=0). Meta-analysis was performed using the fixed
effect model (Figure 4B). The result showed that there
was still no significant difference between the two groups
(MD =0.3; 95% CI [-0.15, 0.75], P>0.05, I’=0).

Time to peak sensory level

All of the included studies reported the time to peak sensory
level, with 320 patients in the Dex group and 319 patients
in the fentanyl group. There was moderate heterogeneity
among the results (/>=62%), and the random effect model
was used for meta-analysis (Figure 5). The results showed
no significant difference between the two groups (MD =0.1;
95% CI [-0.59, 0.79], P>0.05, I’=62%).

Duration of stable sensory block

Six RCTs!3 161319 reported the indicator of duration of stable
sensory block, with high heterogeneity among the results
(I=97%), and the random effect model was used for meta-
analysis (Figure 6A). The results showed that the duration of
stable sensory block of the Dex group was significantly higher
than the fentanyl group, the difference was statistically signifi-
cant (MD =27.12; 95% CI [9.89, 44.34], P<0.01, I’=97%).

Sensitivity analysis

Two of the six studies included may have led to hetero-
geneity among studies. One study'® used low-dose local
anesthetic (4 mg bupivacaine) in spinal anesthesia and
another'® had low quality, after removing both studies
there was no heterogeneity between the remaining stud-
ies (I>=0). The result of meta-analysis (Figure 6B), using
a fixed effect model, showed that the difference was still
statistically significant (MD =28.98; 95% CI[24.01, 33.96],
P<0.01, I’=0).

Duration of sensory and motor block

Whatever the local anesthetics dose for spinal anesthe-
sia >10 mg (sensory: SMD =14.93; 95% CI [10.80, 19.07],
P<0.01, I*=76%, motor: SMD =10.82; 95% CI [1.54,
20.11], P<0.05, ’=98%) or the local anesthetics dose for
spinal anesthesia was =10 mg (sensory: SMD =1.01; 95%
CI [0.70, 1.31] P<<0.01, ’=39%, motor: SMD =0.77; 95%
CI[0.06, 1.48], P<<0.05, ’=89%) or pooled (sensory: SMD
=3.81; 95% CI [2.35, 5.27] P<<0.01, ’=97%, motor: SMD
=3.64; 95% CI [2.19, 5.08], P<<0.01, ’=97%), Dex as an
adjuvant of local anesthetics significantly prolonged the

Study or Dexmedetomidine Fentanyl Weight Mean difference IV, Mean difference IV,
subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% CI
Al-Ghanem et al'” 75 74 38 7.4 33 38 5.3 0.10 (—2.48, 2.68)

Basuni and Ahmed Ezz? 3.9 1.2 30 5.1 15 29 30.0 —1.20 (-1.89, -0.51) —a—

Mahendru et al'® 8.3 24 30 8.6 1.5 30 21.2 —-0.30 (-1.31,0.71) _—
Nayagam et al'® 496 0.92 75 512 082 75 43.4 —0.16 (-0.44,0.12)

Total (95% ClI) 173 172 100 —-0.49 (-1.12, 0.14) J

Heterogeneity: 72=0.22; y?=7.51, df=3 (P=0.06); />=60%
Test for overall effect: Z=1.52 (P=0.13)

Figure 3 Forest plot for the onset of sensory block in minutes.

Abbreviations: SD, standard deviation; Cl, confidence interval; IV, inverse variance.
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A Study or Dexmedetomidine Fentanyl Weight Mean difference IV, Mean difference IV,

subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% CI

The onset of motor block

Al-Ghanem et al'” 144 67 38 143 57 38 7.9 0.10 (-2.70, 2.90)

Basuni and Ahmed Ezz'? 14.1 23 30 189 41 29 11.9 —4.80 (-6.50, -3.10) —————

Gupta et al'® 1.6 18 30 1.2 13 30 15.7 0.40 (-0.39, 1.19) 1

Li et al™ 7.2 225 21 73 28 21 12.7 —0.10 (-1.64, 1.44) —_—

Mahendru et al® 9.7 32 30 9 3 30 12.5 0.70 (-0.87, 2.27) —_—

Qietal 2042 525 36 18.94 4.45 36 9.7 1.48 (-0.77, 3.73) s e

Sun et al® 71 225 30 74 28 30 13.8 —-0.30 (-1.59, 0.99) —_—

Suresh and Prasad™ 571 1.369 30 541 1.69 30 15.8 0.30 (-0.48, 1.08) ——

Subtotal (95% CI) 245 244 100 —0.28 (-1.34, 0.79) B

Heterogeneity: 72=1.72; x?=34.66, df=7 (P<0.0001); />=80%

Test for overall effect: Z=0.51 (P=0.61)

—4 -2 0 2 4
Favors (experimental) Favors (control)

B Study or Dexmedetomidine Fentanyl Weight Mean difference IV, Mean difference IV,

subgroup Mean SD Total Mean SD Total (%) fixed, 95% CI fixed, 95% CI

The onset of motor block

Al-Ghanem et al" 144 67 38 143 57 38 2.6 0.10 (-2.70, 2.90) E—

Gupta et al'® 16 18 30 1.2 13 30 31.7 0.40 (-0.39, 1.19) T

Lietal™ 7.2 225 21 73 28 21 8.5 —0.10 (-1.64, 1.44) —_—

Mahendru et al® 9.7 32 30 9 3 30 8.1 0.70 (-0.87, 2.27) s

Qietal 2042 525 36 18.94 4.45 36 4.0 1.48 (-0.77, 3.73) —]

Sun et al® 71 225 30 74 28 30 121 —-0.30 (-1.59, 0.99) —

Suresh and Prasad'® 571 1.369 30 541 1.69 30 33.0 0.30 (-0.48, 1.08) —1u—

Subtotal (95% CI) 215 215 100 0.30 (-0.15, 0.75) »

Heterogeneity: y?=2.49, df=6 (P=0.87); 1=0%

Test for overall effect: Z=1.31 (P=0.19)

—4 -2 0 2 4

Favors (experimental) Favors (control)

Figure 4 Forest plot for the onset of motor block in minutes (A), forest plot for sensitivity analysis of the onset of motor block in minutes (B).

Abbreviations: SD, standard deviation; Cl, confidence interval; IV, inverse variance.

duration of sensory and motor block compared with fentanyl.
But there was significant heterogeneity in the duration of
sensory (I’=76%) and motor (/’=98%) block when the local
anesthetics dose for spinal anesthesia was > 10 mg, while the
heterogeneity was not obvious in sensory block (=39%) but
still significant in motor block (’=89%) when the local anes-
thetics dose for spinal anesthesia was =10 mg, however, the

heterogeneity of both was significant when pooled (sensory:
’=97%, motor: I’=97%; Figures 7 and 8).

Pain free period

A total of seven studies!> 161819

were included. The result of
meta-analysis, using a random effect model, showed that the
pain free period of the Dex group was significantly longer

Study or Dexmedetomidine Fentanyl Weight Mean difference IV, Mean difference IV,
subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% CI
Al-Ghanem et al" 19.34 2.87 38 18.39 246 38 12.3 0.95 (-0.25, 2.15) 1

Basuni and Ahmed Ezz? 10.7 2.3 30 13.8 44 29 8.4 -3.10 (-4.90, —1.30)

Gupta et al'® 123 1.8 30 121 1.7 30 14.9 0.20 (-0.69, 1.09) ——

Li et al™ 8.1 355 21 8.47 218 21 8.5 —0.37 (-2.15, 1.41) _
Mahendru et al'® 103 33 30 96 29 30 97 0.70 (-0.87, 2.27) —_——
Nayagam et al'® 12.92 3.131 75 11.88 2.156 75 15.1 1.04 (0.18, 1.90) —_—
Qietal 10.78 594 36 9.19 561 36 5.0 1.59 (-1.08, 4.26) —_—t
Sun et al®® 8.1 355 30 847 218 30 10.3 —0.37 (-1.86, 1.12) —_—
Suresh and Prasad' 6.37 1.06 30 652 19 30 15.8 —0.15 (-0.93, 0.63) —

Total (95% CI) 320 319 100 0.10 (-0.59, 0.79)

Heterogeneity: 72=0.63; y?=21.22, df=8 (P=0.007); I>=62%
Test for overall effect: Z=0.28 (P=0.78)

Figure 5 Forest plot for the time to peak sensory level.
Abbreviations: SD, standard deviation; Cl, confidence interval; IV, inverse variance.
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A

Study or Dexmedetomidine  Fentanyl Weight Mean difference IV, Mean difference IV,

subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% CI

Gupta et al'® 120 222 30 76 20.3 30 16.6 44.00 (33.24, 54.76) —

Li et al™ 155.9 19.85 21 127.71 18.36 21 16.4 28.19 (16.63, 39.75) —

Mahendru et al® 146.7 205 30 119.5 227 30 16.6 27.20 (16.25, 38.15) —

Nayagam et al' 61.79 586 75 60.24 489 75 17.7 1.55 (-0.18, 3.28) -

Sun et al® 152.9 39.62 30 117.71 21.36 30 15.4 35.19 (19.08, 51.30) —_——

Suresh and Prasad™ 110.33 11.54 30 81.5 15.6 30 17.3 28.83 (21.89, 35.77) —

Total (95% CI) 216 216 100 27.12 (9.89, 44.34) -~

Heterogeneity: 72=434.59; y?=155.52, df=5 (P<0.00001); 1>=97% f t t 1

Test for overall effect: Z=3.09 (P=0.002) -100 -50 0 50 100
Favors (experimental) Favors (control)

B

Study or Dexmedetomidine  Fentanyl Weight Mean difference IV, Mean difference IV,

subgroup Mean SD Total Mean SD  Total (%) fixed, 95% CI fixed, 95% CI

Sensitivity analysis of duration of stable sensory block

Lietal™ 155.9 19.85 21 127.71 18.36 21 18.5 28.19 (16.63, 39.75) —_—

Mahendru et al® 146.7 205 30 1195 227 30 20.7 27.20 (16.25, 38.15) —_—

Sun et al® 152.9 39.62 30 117.71 21.36 30 9.5 35.19 (19.08, 51.30) —_—

Suresh and Prasad 110.33 11.54 30 81.5 15.6 30 51.3 28.83 (21.89, 35.77) ——

Subtotal (95% CI) 11 11 100 28.98 (24.01, 33.96) L 2

Heterogeneity: 7%=0.69, df=3 (P=0.87); =0%

Test for overall effect: Z=11.42 (P<0.00001)

Test for subgroup differences: not applicable ) ) ) )

-50 -25 0 25 50

Favors (experimental) Favors (control)

Figure 6 Forest plot for duration of stable sensory block in minutes (A), forest plot for the sensitivity analysis of duration of stable sensory block in minutes (B).

Abbreviations: SD, standard deviation; Cl, confidence interval; IV, inverse variance.

than the fentanyl group, and the difference was statistically
significant, but there was high heterogeneity (SMD =2.98;
95% CI[1.69, 4.27], P<0.01, I’=96%; Figure 9A).

Sensitivity analysis
One'" of the seven studies defined the index of pain free
period from spinal injection to the time of first complaint

about pain, while the remaining studies used the time from
intrathecal injection to the first time rescue analgesia; and the
other two studies'>!* used low-dose local anesthetic (4 mg
bupivacaine) in spinal anesthesia. After removing the three
studies, the heterogeneity of the remaining studies was sig-
nificantly reduced (/’=27%), and the fixed effect model was
used for meta-analysis. The results showed that the difference

Study or Dexmedetomidine Fentanyl Weight Standardized Standardized
subgroup Mean SD Total Mean SD  Total (%) mean difference IV, mean difference 1V,
random, 95% CI random, 95% CI
Local anesthetics dose >10 mg
Gupta et al'® 476 20 30 187 123 30 941 17.18 (13.96, 20.40) —_—
Suresh and Prasad™ 453.67 23.26 30 180.7 18 30 1.2 12.96 (10.50, 15.41) —_—
Subtotal (95% Cl) 60 60 203 14.93 (10.80, 19.07) i
Heterogeneity: 72=6.80; y?=4.19, df=1 (P=0.04); I>=76%
Test for overall effect: Z=7.08 (P<0.00001)
Local anesthetics dose <10 mg
Al-Ghanem et al'” 2748 734 38 1795 474 38 16.0 1.53 (1.01, 2.04) -
Basuni and Ahmed Ezz'? 73.9 139 30 649 113 29 16.0 0.70(0.17,1.23) -
Li et al™ 225.73 47.88 21 181 35.43 21 15.8 1.04 (0.39, 1.69) -
Qietal 191.25 40.24 36  149.86 37.46 36 16.0 1.05 (0.56, 1.55) -
Sun et al™® 211.73 51.88 30 179 38.83 30 16.0 0.71(0.18, 1.23) =
Subtotal (95% Cl) 155 154 79.7 1.01 (0.70, 1.31) '
Heterogeneity: 72=0.05; ?=6.56, df=4 (P=0.16); I>=39%
Test for overall effect: Z=6.42 (P<0.00001)
Total (95% CI) 215 214 100 3.81(2.35, 5.27) L 2
Heterogeneity: 72=3.40; y2=192.01, df=6 (P<0.00001); /2=97% f t y y
-20 -10 0 10 20

Test for overall effect: Z=5.12 (P<0.00001)
Test for subgroup differences: y?=43.38, df=1 (P<0.00001), /?=97.7%

Favors (experimental) Favors (control)

Figure 7 Forest plot for the subgroup analysis of duration of sensory block in minutes.

Abbreviations: SD, standard deviation; Cl, confidence interval; IV, inverse variance.
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Study or Dexmedetomidine Fentanyl Weight Standardized Standardized
subgroup Mean SD Total Mean SD Total (%) mean difference IV, mean difference IV,
random, 95% CI random, 95% CI
Local anesthetics dose >10 mg
Gupta et al'® 421 21 30 149.3 182 30 9.7 13.65 (11.07, 16.22) —_—
Mahendru et al'® 2733 246 30 196 26.8 30 13.4 2.97 (2.22,3.71) -
Suresh and Prasad 407.53 18.91 30 149.37 12 30 8.7 16.09 (13.07, 19.11) —_—
Subtotal (95% CI) 90 90 31.7 10.82 (1.54, 20.11) = ———

Heterogeneity: 7=65.92; y?=121.16, df=2 (P<0.00001); />=98%
Test for overall effect: Z=2.28 (P=0.02)

Local anesthetics dose <10 mg

Al-Ghanem et al' 240 64 38 155 46 38 137  1.51(1.00,2.02) -
Basuniand Ahmed Ezz? 733 85 30 642 119 29 137  0.87(0.34, 1.41) -
Lietal* 12855 289 21 13065 29.87 21 136  —0.07 (-0.68, 0.53) <+
Qietal 14631 40.72 36 8028 41.18 36 137  1.60(1.06,2.13) -
Sun et al®® 12855 28.9 30 13065 29.87 30 137  —0.07 (-0.58, 0.44) 4
Subtotal (95% Cl) 155 154 68.3  0.77 (0.06, 1.48) .

Heterogeneity: 72=0.59; y?=35.24, df=4 (P<0.00001); />=89%
Test for overall effect: Z=2.12 (P=0.03)

Total (95% CI) 245 244 100 3.64 (2.19, 5.08) <&
Heterogeneity: 7=3.92; y?=250.54, df=7 (P<0.00001); I>=97% 1 t t t

Test for overall effect: Z=4.92 (P<0.00001) -0 -5 0 5 10

Test for subgroup differences: y?=4.47, df=1 (P=0.03); I>=77.7% Favors (experimental) Favors (control)

Figure 8 Forest plot for the subgroup analysis of duration of motor block in minutes.
Abbreviations: SD, standard deviation; Cl, confidence interval; IV, inverse variance.

was still statistically significant (SMD =3.47; 95% CI [3.04, 245 patients in the Dex group (19 with hypotension and

3.90], P<0.01, I’=27%; Figure 9B). 20 with bradycardia) and 244 patients in the fentanyl
group (25 with hypotension and eleven with bradycardia).
Hypotension and bradycardia There was no heterogeneity among the results (/°=0%),

Eight studies®!>1416-1° described the incidence of hypoten-  using the fixed effect model for meta-analysis (Figure 10).
sion and bradycardia in Dex and fentanyl as local anes-  The results showed the difference was not statistically
thetic adjuvants for intrathecal injection. There were significant (hypotension: RR =0.76; 95% CI [0.44, 1.32],

A
Study or Dexmedetomidine  Fentanyl Weight Standardized Standardized
subgroup Mean SD Total Mean SD Total (%) mean difference IV, mean difference IV,

random, 95% CI random, 95% CI
Basuni and Ahmed Ezz? 126.6 129 30 702 84 29 13.7 5.09 (4.02, 6.17) —_——
Gupta et al'® 251.7 30.69 30 168.96 15.96 30 14.3 3.34 (2.54,4.14) —_—
Lietal™ 360.52 29.57 21 275.72 25.16 21 14.1 3.03(2.12,3.94) —_—
Mahendru et al™ 2955 443 30 2355 383 30 14.7 1.43 (0.86, 2.00) ——
Nayagam et al' 8.2 278 75 664 232 75 15.0 0.61(0.28, 0.93) -
Sun et al®® 35245 26.17 30 265.72 25.16 30 14.3 3.33(2.54,4.13) —_—
Suresh and Prasad 231.93 17.83 30 160.13 15 30 14.0 4.30 (3.36, 5.24) —_—
Total (95% Cl) 246 245 100 2.98 (1.69, 4.27) i
Heterogeneity: ©?=2.87; y*=150.87, df=6 (P<0.00001); ?=96% t t t t
Test for overall effect: Z=4.52 (P<0.00001) -4 2 0 2 4

Favors (experimental) Favors (control)

B
Study or Dexmedetomidine  Fentanyl Weight Standardized Standardized
subgroup Mean SD Total Mean SD Total (%) mean difference IV, mean difference IV,

fixed, 95% CI fixed, 95% CI
Gupta et al'® 251.7 30.69 30 168.96 15.96 30 28.7 3.34 (2.54, 4.14) —a—
Lietal 360.52 29.57 21 275.72 25.16 21 221 3.03 (2.12, 3.94) —a
Sun et al® 352.45 26.17 30 265.72 25.16 30 28.7 3.33(2.54,4.13) —a—
Suresh and Prasad'® 231.93 17.83 30 160.13 15 30 20.6 4.30 (3.36, 5.24) —
Total (95% ClI) 11 111 100 3.47 (3.04, 3.90) L 2

Heterogeneity: y*=4.09, df=3 (P=0.25); P=27% ' ' ' J
Test for overall effect: Z=15.89 (P<0.00001)
Favors (experimental) Favors (control)

Figure 9 Forest plot for pain free period in minutes (A), forest plot for the sensitivity analysis of pain free period in minutes (B).
Abbreviations: SD, standard deviation; Cl, confidence interval; 1V, inverse variance.
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Study or Dexmedetomidine Fentanyl Weight Risk ratio M-H, Risk ratio M-H,
subgroup Events Total Events Total (%) fixed, 95% CI fixed, 95% CI
Hypotension
Al-Ghanem et al'” 4 38 9 38 35.2 0.44 (0.15, 1.32) —a—
Basuni and Ahmed Ezz'? 0 30 2 29 9.9 0.19 (0.01, 3.87)
Gupta et al'® 3 30 2 30 7.8 1.50 (0.27, 8.34) —_—t
Lietal 3 21 3 21 1.7 1.00 (0.23, 4.40) —
Mahendru et al™ 0 30 0 30 Not estimable
Qi etal 0 36 0 36 Not estimable
Sun et al® 4 30 4 30 15.7 1.00 (0.28, 3.63) —_—
Suresh and Prasad' 5 30 5 30 19.6 1.00 (0.32, 3.10) —
Subtotal (95% CI) 245 244 100 0.76 (0.44, 1.32) P
Total events 19 25
Heterogeneity: y?=2.87, df=5 (P=0.72); 1=0%
Test for overall effect: Z=0.97 (P=0.33)
Bradycardia
Al-Ghanem et al'” 2 38 3 38 24.0 0.67 (0.12, 3.77) — T
Basuni and Ahmed Ezz? 1 30 0 29 4.1 2.90 (0.12, 68.50)
Gupta et al'® 1 30 0 30 4.0 3.00 (0.13, 70.83)
Lietal™ 1 21 2 21 16.0 0.50 (0.05, 5.10) "
Mahendru et al'® 1 30 0 30 4.0 3.00 (0.13, 70.83)
Qi et al 3 36 2 36 16.0 1.50 (0.27, 8.45) —_——
Sun et al®® 2 30 2 30 16.0 1.00 (0.15, 6.64)
Suresh and Prasad' 9 30 2 30 16.0 4.50 (1.06, 19.11) ——
Subtotal (95% CI) 245 244 100 1.72 (0.88, 3.36) <l
Total events 20 "
Heterogeneity: y?=4.62, df=7 (P=0.71); 1=0%
Test for overall effect: Z=1.58 (P=0.11)

0.005 0.1 1 10 200

Figure 10 Forest plot comparing the incidence of hypotension and bradycardia.
Abbreviations: Cl, confidence interval; M—H, Mantel-Haenszel.

P>0.05, I’=0%; bradycardia: RR =1.72; 95% CI [0.88,
3.36], P>0.05, I*’=0%).

Pruritus

There were eight studies®!> 141619 reporting the incidence of
pruritus, and no heterogeneity among the studies (/>=0%).
The results of the meta-analysis, using the fixed effect
model, showed that the incidence of pruritus in the fentanyl
group was significantly higher than the Dex group, and the

Favors (experimental) Favors (control)

difference was statistically significant (RR =0.15; 95% CI
[0.06, 0.39], P<0.01, I*=0%, Figure 11).

The side effects

Eight studies®!>'#1¢1 recorded the side effects, and there
was no heterogeneity among the studies (/’=0%). The side
effects included nausea, vomiting, shivering, and respira-
tory depression. The meta-analysis result of the incidence
of the side effects between Dex and fentanyl group was

Study or Dexmedetomidine Fentanyl Weight Risk ratio M-H, Risk ratio M-H,

subgroup Events  Total Events Total (%) fixed, 95% CI fixed, 95% CI

Al-Ghanem et al'” 0 38 5 38 18.0 0.09 (0.01, 1.59) —_—

Basuni and Ahmed Ezz? 0 30 0 29 Not estimable

Gupta et al'® 0 30 1 30 4.9 0.33 (0.01, 7.87)

Lietal™ 1 21 1 21 3.3 1.00 (0.07, 14.95)

Mahendru et al™® 0 30 4 30 14.8 0.11 (0.01, 1.98) —_—

Qietal 0 36 13 36 443 0.04 (0.00, 0.60) e —

Sun et al® 1 30 1 30 3.3 1.00 (0.07, 15.26) E—

Suresh and Prasad™ 0 30 3 30 11.5 0.14 (0.01, 2.65) _

Total (95% CI) 245 244 100 0.15 (0.06, 0.39) e

Total events 2 28

Heterogeneity: y?=5.17, df=6 (P=0.52); I>=0% t t } |

Test for overall effect: Z=3.84 (P=0.0001) 0.001 0.1 1 10 1,000
Favors (experimental) Favors (control)

Figure |1 Forest plot comparing the incidence of pruritus.

Abbreviations: Cl, confidence interval; M-H, Mantel-Haenszel.
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Study or Dexmedetomidine Fentanyl Weight Risk ratio M-H, Risk ratio M-H,

subgroup Events Total Events Total (%) fixed, 95% CI fixed, 95% CI

Al-Ghanem et al'” 2 38 4 38 10.1 0.50 (0.10, 2.57) —

Basuni and Ahmed Ezz'? 0 30 0 29 Not estimable

Gupta et al'® 1 30 3 30 7.6 0.33 (0.04, 3.03) —_—

Li et al' 2 21 4 21 10.1 0.50 (0.10, 2.44) _—

Mahendru et al™® 0 30 1 30 3.8 0.33 (0.01, 7.87)

Qietal 15 36 12 36 30.4 1.25(0.68, 2.28) —1—

Sun et al® 3 30 8 30 20.3 0.38 (0.11, 1.28) —_—

Suresh and Prasad™ 6 30 7 30 17.7 0.86 (0.33, 2.25) ——

Total (95% CI) 245 244 100 0.75 (0.49, 1.14) @

Total events 29 39

Heterogeneity: y?=5.34, df=6 (P=0.50); >=0% t t t +
Test for overall effect: Z=1.37 (P=0.17) 0.005 0.1 1 10 200

Figure 12 Forest plot comparing the incidence of side effects.
Abbreviations: Cl, confidence interval; M-H, Mantel-Haenszel.

not statistically significant (RR =0.75; 95% CI [0.49, 1.14],
P>0.05, I’=0%, Figure 12).

Discussion

Spinal anesthesia is a common technique for lower abdomen
and lower limb surgery, but the use of local anesthetics alone
may produce unwanted side effects such as prolonged motor
and autonomic block, limited duration of action, besides,
excessive local anesthetics can cause cardiac toxicity and
central nervous system side effects.” For these reasons,
local anesthetics combined with other drugs, to utilize their
synergistic analgesia and to reduce the dose of local anes-
thetics, has become a new option for anesthesiologists. Of
course, adjuvants are not necessary for spinal anesthesia
and additional medical expenses of adjuvants should also
be considered, moreover, adjuvants may themselves cause
side effects, eg, higher doses of opioids may cause pruritus
and Dex may cause bradycardia.

Opioids as an adjuvant has been the most commonly
used to reduce the dose of intrathecal local anesthetics and
improve the block quality, however, many of the adverse
effects associated with the use of opioids plague everyone,
such as urinary retention, pruritus, nausea and vomiting,
and respiratory depression.?? It has been found that Dex
prolongs the postoperative analgesia of local anesthetics with
less side effects, and is a very promising adjuvant to improve
the quality of spinal anesthesia.”*?¢ This meta-analysis was
designed to evaluate the efficacy and characteristics of
Dex and fentanyl as adjuvants to local anesthetics during
spinal anesthesia.

In this meta-analysis, Dex significantly prolonged the
duration of sensory and motor block compared with fentanyl,
and had a longer pain free period and less postoperative
analgesic requirements. But there was a high level of

Favors (experimental) Favors (control)

heterogeneity among these outcomes, which may be related
to the following: 1) the dose and type of local anesthetics for
intrathecal injection were different among studies included,
meanwhile the dose of Dex and fentanyl was also different;
2) the evaluation criteria for the indicator of pain free period
was different between studies — in one study it was the time
from intrathecal injection to time patient first complained
of pain postoperatively — while in others the first rescue
analgesia was used; 3) unit of measurement for indicating
pain free period was different, Nayagam et al used hours,"
while the remaining studies used minutes; 4) the type and
duration of surgeries were different. Our results showed that
the incidence of pruritus in the Dex group was significantly
lower than in the fentanyl group, but there was no significant
difference in the incidence of other side effects (nausea,
vomiting, shivering, or respiratory depression).

Coombs et al?’ first introduced the analgesic properties
of o, adrenergic receptor agonists during intrathecal injec-
tion. Subsequent studies have shown that the abirritation of
intrathecal o,-adrenoreceptor agonists is mainly achieved by
inhibiting the release of C-fiber transmitters and substance P,
and hyperpolarizing post-synaptic dorsal horn neurons,?*2%%
and the analgesic effect has a good correlation with their
binding affinity to the spinal ¢, adrenergic receptors.”® There-
fore, Dex as a highly selective o -adrenoreceptor agonist
(o /o, 1,600:1), has greater advantages than clonidine in
intrathecal injection for analgesia.

The greatest concern about the intrathecal application
of Dex is its neurotoxicity. It managed to cause moderate to
severe demyelination of white matter when it was admin-
istered by epidural route at a dose of up to 6.1 ugkg™!
in rabbits.3! However, in an experiment with sheep, Dex
(2.5-100 pg) intrathecal injection did not cause neurological
deficits.* In the systematic review by Abdallah and Brull,?
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doses of Dex up to 0.2 ug-kg™ for intrathecal and 1 pg-kg™

for peripheral administration did not produce any neurotoxic

manifestations, of course, the conclusion was based on

isolated small animal data. Three of the studies reported the

results of neurological deficits secondary to spinal anesthesia:

no patients had neurological impairment within 1 week

postoperatively in Gupta et al’s study;'® during 48-hour post-

operative follow-up, there was a case of post-dural puncture

headache in the fentanyl group, and a case of transient nerve

syndrome in the Dex group, but both were transient, not

severe, and did not need additional treatment;® Al-Ghanem

et al'” reported two patients with postdural puncture head-

ache, but they were in the fentanyl group. At present, most

of the data have shown that Dex intrathecal application did

not appear very severe neurotoxicity performance on human

in the short term,**3* but the data of long-term neurotoxicity

performance are absent.

There are some limitations in our meta-analysis. First,

it is possible we have missed some studies that satisfied the

inclusion criteria, and some studies had to be excluded as

the full text was unavailable. Second, there was significant

heterogeneity regarding the duration of sensory and motor

block, and pain free period, as there were different intrathecal

drugs (bupivacaine, ropivacaine), different doses of drugs,

and different evaluation criteria and types of surgery. Third,

Dex intrathecal application caused delayed recovery of motor

power whether there is practical clinical significance, such as

venous thrombosis of lower limbs, prolonged hospitalization,

and whether Dex combined with low-dose local anesthetics

can eliminate these drawbacks, we did not analyze due to

lack of research data. However, these questions are very

meaningful research points for the future.

In summary, when compared to fentanyl, we found that

Dex, as adjuvant to local anesthetics for intrathecal injection,

can statistically significantly prolong the duration of sensory

and motor block, as well as the pain free period, meanwhile

significantly reducing the incidence of pruritus without

increasing the risk of hypotension and bradycardia.

Disclosure
The authors report no conflicts of interest in this work.
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