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Abstract

Objective: To compare the efficacy of dexmedetomidine and magnesium sulfate as an adjuvant

to local anesthetics in spinal anesthesia.

Methods: A search of PubMed, Medline, Embase, the Cochrane Library, and Google Scholar was

performed. Randomized controlled trials comparing the efficacy of dexmedetomidine and mag-

nesium sulfate as a local anesthetic adjuvant in spinal anesthesia were identified. The primary

outcome was sensory block duration. The mean difference (MD) or odds ratio along with the

95% confidence interval (CI) was used to analyze the outcomes.

Results: Six studies involving 360 patients were included. Intrathecal dexmedetomidine was

associated with a significantly longer sensory block duration (MD¼�73.62; 95% CI¼�101.09

to �46.15), faster onsets of sensory blockade and motor blockade, and a longer motor block

duration than intrathecal magnesium sulfate. There was no significant difference between the

regarding the rates of hypotension, bradycardia, shivering, and postoperative nausea and vomiting

between the groups.

1Department of Urology, The First Hospital of Jilin

University, Changchun, Jilin, China
2Department of Taxation, School of Public Economics and

Administration of Shanghai University of Finance and

Economics, Changchun, Jilin, China
3Department of Anesthesiology, The First Hospital of Jilin

University, Changchun, Jilin, China

We hereby certify that this paper consists of original,

unpublished work that is not under consideration for

publication elsewhere. The abstract has not been pre-

sented at any conference proceedings.

All authors read and approved the final manuscript.

Corresponding author:

Na Wang, Department of Anesthesiology, The First

Hospital of Jilin University, No. 1 Xinmin Street,

Changchun, Jilin 130021, China.

Email: wangna080613@163.com

Journal of International Medical Research

48(8) 1–9

! The Author(s) 2020

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0300060520946171

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0002-8312-9787
mailto:wangna080613@163.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520946171
journals.sagepub.com/home/imr


Conclusions: Dexmedetomidine is superior to magnesium sulfate as an adjuvant to local anes-

thetics in spinal anesthesia because of its more rapid onset and longer duration of spinal block

without significant adverse effects.
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Introduction

Spinal anesthesia is a common and reliable
anesthetic technique, but it has the disad-

vantage of a limited duration of action.

Therefore, appropriate adjuvants are
added to local anesthetics during spinal

anesthesia to enhance the blockage quality
and extend the block duration.1,2

N-methyl-D-aspartate (NMDA) recep-

tors antagonists and a2 adrenergic agonists
can be used as adjuvants in spinal anesthe-

sia.1,2 Magnesium sulfate exhibits analgesic
properties, primarily because it can block

calcium influx into cells and antagonize

NMDA receptors in the central nervous
system (CNS). When injected intrathecally,

magnesium exerts stronger effects on spinal

cord NMDA receptors.3–6

Dexmedetomidine can act as an a2-adre-
noreceptor agonist in the peripheral and
CNS. This analgesic effect of intrathecal

dexmedetomidine occurs through inhibition

of the release of C-fiber transmitters and
hyperpolarization of the postsynaptic

dorsal horn neurons, which can explain
the prolonged duration of spinal block

when dexmedetomidine was added to intra-

thecal anesthetics.7,8

Several randomized controlled trials

(RCTs) have compared the analgesic effect

of intrathecal dexmedetomidine and intra-
thecal magnesium sulfate in recent

years.9–11 We decided to perform a meta-
analysis to formally compare the efficacy

of these agents as local anesthetic adjuvants

in spinal anesthesia using a large sample

size.

Methods

This study was conducted according to the

Preferred Reporting Items for Systematic

Reviews and Meta-Analyses guidelines,12

and we did not register our study with

PROSPERO. A literature search of

PubMed, Medline, Embase, the Cochrane

Library, and Google Scholar was per-

formed from inception up to December

2019 using the following terms: intrathecal,

anesthesia, spinal injections, magnesium,

magnesium sulfate, dexmedetomidine,

Dex, clinical trial, and randomized con-

trolled trial. There were no language

restrictions.

Inclusion criteria

The inclusion criteria were as follows: 1)

adult patients who underwent surgery

under spinal anesthesia; 2) dexmedetomi-

dine and magnesium were compared as

adjuvants to local anesthetics; and 3) the

study was an RCT.

Exclusion criteria

Animal studies, conference reports, corre-

spondences, or editorials were excluded.
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Data extraction

Two researchers chose eligible clinical trials
independently. The titles and abstracts of
the initially selected articles were examined.
The citations of these articles were also
obtained and examined to identify eligible
studies. Thereafter, the references of the
identified papers were searched manually
to find additional eligible papers.

Two authors independently analyzed the
quality of the eligible RCTs using the Jadad
score (a minimum of 3 points was required)
and the Cochrane Collaboration guide-
lines.13,14 Any disagreement was resolved
by a third researcher.

Two authors independently extracted
relevant data from the included RCTs.
Any disagreement was resolved by a third
author. If the included RCTs contained
more than two groups, data were extracted
only for the intrathecal dexmedetomidine
and intrathecal magnesium groups. The pri-
mary endpoint was sensory block duration
in the intrathecal dexmedetomidine and
intrathecal magnesium groups.

Statistical analysis

Statistical analysis was conducted using
Review Manager 5.3 (Nordic Cochrane
Centre, Copenhagen, Denmark). The
mean difference (MD) or odds ratio along
with the 95% confidence interval (CI) was
used to analyze the outcomes. Leave-one-
out sensitivity analysis was performed by
iteratively removing one study at a time if
a high level of heterogeneity was detected
(I2> 50%). P< 0.05 denoted statistical
significance.

Results

The search flowchart was presented in
Figure 1. Two hundred fifty-four records
were initially identified in the literature
search. Of these, 242 studies were excluded
after screening the abstracts. The full texts

of 12 articles were found and examined,
after which six more articles were excluded.
Overall, six RCTs involving a total of 360
patients were identified for the final analy-
sis.9–11,15–17 Five studies included three
study groups featuring comparisons
among dexmedetomidine, magnesium, and
saline.9,10,15–17 The last study only com-
pared dexmedetomidine and magnesium.11

The characteristics of the eligible RCTs
are displayed in Table 1. All six articles
had intermediate to high Jadad scores
(Table 1). The risk-of-bias plot was created
using Review Manager 5.3 (Figure 2).

Sensory block duration

Five studies9–11,15,16 reported the sensory
block duration after intrathecal injection.
Patients in the intrathecal dexmedetomidine
group had a longer sensory block duration
(MD¼�73.62; 95% CI¼�101.09 to
�46.15, P< 0.00001, I2¼ 92%, Figure 3).

Figure 1. Flow chart for selection of the included
studies.
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Sensitivity analysis was conducted to

assess the reliability of the result by remov-

ing each RCT individually, and the results

did not change (Table 2).

Onset of sensory blockade

All six included studies compared the onset

of sensory blockade.9–11,15–17 Patients

receiving intrathecal dexmedetomidine had

a significantly faster onset of sensory block-

ade (MD¼ 2.77; 95% CI¼ 1.77–3.77,

P< 0.00001, I2¼ 96%) than patients receiv-

ing intrathecal magnesium (Figure 4).

Leave-one-out sensitivity analysis did not

result in changes of the results.

Onset and duration of motor blockade

The onset of motor blockade were assessed

in five studies (300 patients),9,11,15–17 and

the motor block duration was reported in

four studies involving 240 patients.9,11,15,16

Patients receiving intrathecal dexmedetomi-

dine had a significantly faster onset of

motor blockade (MD¼ 3.07; 95%

CI¼ 2.02–4.11, P< 0.00001, I2¼ 94%,

Figure 5) and a longer motor block dura-

tion (MD¼�61.58; 95% CI¼�107.76 to

�15.41, P¼ 0.009, I2¼ 97%, Figure 6)

than patients receiving intrathecal magne-

sium. The results did not differ when

Figure 2. Risk of bias summary: Authors’ judg-
ment about each risk of bias item for each included
study. Green, red, and yellow circles indicate low,
high, and unclear risks of bias, respectively. Note:
There were no high risks of bias found in these
studies.

Figure 3. Forest plot of the sensory block duration in minutes. SD, standard deviation; CI, confidence
interval; IV, inverse variance.
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Table 2. Sensitivity analysis of the primary outcome: Sensory block duration.

Author MD

95% CI

lower limit

95% CI

upper limit Z value I2 P

Omar 20199 �78.08 �116.14 �40.02 40.02 94% <0.0001

Mostafa 201910 �83.50 �107.38 �59.62 60.85 82% <0.00001

Makhni 201711 �71.51 �103.90 �39.12 40.33 93% <0.00001

SUNIL 201315 �64.06 �87.73 –40.39 50.30 87% <0.00001

Shukla 201116 �70.72 �101.88 –39.57 40.45 93% <0.00001

The results are presented after the indicated study was excluded in the leave-one-out sensitivity analysis. MD, mean

difference; CI, confidence interval.

Figure 4. Forest plot for the onset of sensory block in minutes. SD, standard deviation; CI, confidence
interval; IV, inverse variance.

Figure 5. Forest plot for the onset of motor block in minutes. SD, standard deviation; CI, confidence
interval; IV, inverse variance.

Figure 6. Forest plot for the motor block duration in minutes. SD, standard deviation; CI, confidence
interval; IV, inverse variance.

6 Journal of International Medical Research



conducting the leave-one-out sensitivity

analysis.

Side effects

Two studies assessed the rates of hypoten-

sion, bradycardia, shivering, and postoper-

ative nausea and vomiting.9,15 No

significant differences in the rates of any

of these adverse events were noted between

the groups (Figure 7).

Discussion

This study demonstrated that intrathecal

dexmedetomidine is associated with longer

durations of sensory and motor block and

shorter onsets of sensory and motor block

than intrathecal magnesium sulfate without

an increased risk of adverse effects.

Therefore, dexmedetomidine is superior to

magnesium sulfate as a local anesthetic

adjuvant for spinal anesthesia.
Dexmedetomidine is a highly selective

a2-adrenoreceptor agonist. The analgesic

effect of intrathecal dexmedetomidine

occurs through the inhibition of C-fiber

transmitter release and hyperpolarization

of postsynaptic dorsal horn neurons.18

The mechanism by which dexmedetomidine

prolongs spinal block as a local anesthetic

Figure 7. Forest plot for the incidence of side effects. CI, confidence interval; M-H, Mantel–Haenszel.

Wang et al. 7



adjuvant is unclear. The synergistic effect

between the local anesthetic and a2-adre-
noreceptor agonist may contribute to this

phenomenon. Local anesthetics and

a2-adrenoreceptor agonists have different

mechanisms of analgesia. Local anesthetics

block sodium channels, whereas a2-adre-
noreceptor agonists bind to pre-synaptic C

fibers and postsynaptic dorsal horn neurons

to produce analgesic effects.
Magnesium can inhibit calcium influx

into cells and antagonize NMDA receptors,

which may determine the duration of acute

pain.4,5 Kroin et al.19 reported that intra-

thecal magnesium enhanced the analgesic

effect of opioids for acute pain in rat

models.
The results of this meta-analysis did not

reveal statistically significant differences

between the rates of hypotension, bradycar-

dia, shivering, and postoperative nausea

and vomiting between the dexmedetomi-

dine and magnesium groups.
There was a high level of heterogeneity

for some outcomes. Therefore, more high-

quality RCTs with large sample sizes are

needed. However, the results of this meta-

analysis were not changed in the leave-one-

out sensitivity analysis, illustrating that the

meta-analysis results were not driven by

any single study.

Conclusion

Dexmedetomidine is superior to magnesium

sulfate as a local anesthetic adjuvant in

spinal anesthesia because of its more rapid

onset and longer duration of spinal block

without significant adverse effects in

patients.
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