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Abstract: Background: Some studies indicated dexmedetomidine had synergistic effect on spinal anesthesia when 
using intrathecally. Several studies also compared the effect of different doses of dexmedetomidine on spinal an-
esthesia. However, the results were inconsistent. We performed this meta-analysis to investigate the safety and effi-
cacy of different doses of dexmedetomidine on spinal anesthesia. Methods: Pubmed, Embase and Cochrane library 
were searched. All randomized controlled trials that compared the effect of different doses of dexmedetomidine 
on spinal anesthesia were included. Sensory and motor block onset times, block durations, duration of analgesia, 
postoperative anesthetic consumption, and side effects were analyzed. Sensory block duration was our primary 
outcome. Meta-analysis was performed using a random effects model. Results: Nine randomized controlled trials 
were included in our meta-analysis. Compared with low-dose dexmedetomidine group, high-dose dexmedetomidine 
group prolonged sensory block duration by 36.06 min [95% CI: 33.90, 38.22, P<0.00001], decreased sensory and 
motor block onset times by 0.69 min [95% CI: 0.25, 1.13, P=0.002] and 0.62 min [95% CI: 0.22, 1.02, P=0.002], 
respectively, and prolonged motor block duration by 54.27 min [95% CI: 23.18, 85.36, P=0.0006]. High-dose dex-
medetomidine also prolonged the duration of analgesia by 108.13 min [95% CI: 52.77, 163.50, P=0.0001], and 
decreased postoperative anesthetic consumption was decreased by 60.1 mg [95% CI: 7.83, 112.36, P<0.00001]. 
However, the risk of bradycardia was increased [OR, 1.91, 95% CI: 1.06, 3.43; P=0.03] in high-dose intrathecal 
dexmedetomidine group. Conclusion: Increasing the dose of intrathecal dexmedetomidine may prolong the action 
of spinal anesthesia. However, the risk of bradycardia was increased at the same time.
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Introduction

Spinal anesthesia provides solid analgesic 
effect by inhibiting nociceptive transmission 
from peripheral to central nerves system [1, 2]. 
It blunts the “stress response” to surgery and 
decreases intraoperative blood loss and the 
risk of postoperative thromboembolic events 
[3]. It is still the first choice in lower abdomi- 
nal and lower limb surgeries. However, due to 
the relatively short action duration of currently 
available local anesthetics, these advantages 
can be limited [4-6]. A variety of adjuvants 
including dexmedetomidine (Dex) have been 
used to prolong the action duration of spinal 
anesthesia [7-17]. Dex, a highly selective α2- 
adrenergic receptors (α2 AR) agonist, have sed-
ative and analgesic properties. It exerts its 
analgesic actions both at the spinal and supra-

spinal levels [18]. Some studies indicated intra-
thecal Dex can prolong the action duration of 
spinal anesthesia and reduce postoperative 
anesthetic consumption compared with nor- 
mal saline [14, 15]. Some studies also com-
pared the effect of different doses of intrathe-
cal Dex on spinal anesthesia and the dose  
of intrathecal Dex ranged from 2 ug to 15 ug 
[16, 17, 19, 20]. However, the results were un- 
clear and inconsistent. As a result, we perform- 
ed this meta-analysis to compare the efficacy 
and safety of different doses of intrathecal Dex 
on spinal anesthesia.

Methods

This meta-analysis was conducted and report-
ed in adherence to PRISMA (Preferred Report- 
ing Items for Systematic Reviews and Meta-
Analyses) [21].
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Literature search and study identification 

The PubMed, Embase, and Cochrane Library 
databases were searched for studies evalu- 
ated the effects of different doses of intra- 
thecal Dex on spinal anesthesia. The follow- 
ing search strategy was used: (dexmedetomi-
dine OR precedex) AND (intrathecal OR sub-
arachnoid). In addition, a hand search in re- 
ference sections of included trials, relevant 
review articles, and published meta-analyses 
was performed to identify potentially eligible 
studies. There was no publication language 
restriction. Two reviewers (YZ & ZS) indepen-
dently screened the database search for ti- 
tles and abstracts. If either reviewer felt a  
title and abstract met study eligibility criteria, 
the full text of the study was retrieved.

All available randomized controlled trials (RCTs) 
that meet the following inclusion criteria were 
included: (i) population: patients that received 
single-injected spinal anesthesia without gen-

effects (bradycardia and hypotension). Sensory 
block duration and was our primary outcome. 
The Jadad scale was used to assess the meth-
odological quality of RCTs [22]. Disagreements 
between the investigators were resolved by  
discussion. When necessary, a third investiga-
tor (LK) helped to reach a consensus with all 
investigators.

Statistical analysis 

The meta-analysis was performed using the 
Review Manager 5.3 (Cochrane Collaboration, 
Oxford, UK). Mean differences (MD) and odds 
ratios (OR) were calculated to compare con- 
tinuous and dichotomous variables, respective-
ly. All results were reported with 95% confi-
dence intervals (CIs). Continuous variables that 
presented as median and range values, mean 
and standard deviations were calculated us- 
ing the technique described by Hozo et al. [23]. 
The χ2 test was used for the heterogeneity  
test. Heterogeneity was quantified using the I2 

Figure 1. PRISMA flow di-
agram of search strategy 
and study selection.

eral anesthesia; (ii) interven-
tion: single dose of intra- 
thecal dexmedetomidine; (iii) 
comparison: different doses 
of intrathecal dexmedetomi-
dine; (iv) outcome parame-
ters: sensory and motor block 
onset times, sensory and 
motor block durations, dura-
tion of analgesia, postopera-
tive anesthetic consumption 
(PAC) and side effects (brady-
cardia and hypotension).

Data abstraction and quality 
assessment

Two reviewers (YZ & ZS) in- 
dependently abstracted rele-
vant information from each 
eligible study using a stan-
dardized form. The following 
information was extracted 
from each included study: 
first author, year of publica-
tion, surgery type, number of 
patients enrolled, and Dex 
doses. Following outcomes 
information was extracted if 
reported: sensory block on- 
set and duration, motor block 
onset and duration, duration 
of analgesia, PAC and side 
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Table 1. Main character of included studies

Study Year Jadad 
score Surgery Space Local  

anesthetic

Intervention (Dex)
Control  

group (n)High-dose 
group (n)

Low-dose 
group (n)

Singh et al. [25] 2015 5 Lower abdominal L3-L4/L4-L5 IsoRop 15 mg 10 ug (30) 5 ug (30) NS (30)
Das A et al. [26] 2015 3 Abdominal hysterectomy L3-L4 HyperBup 15 mg 10 ug (50) 5 ug (50)
Naithani et al. [24] 2016 4 Abdominal hysterectomy L2-L3 IsoRop 15 mg 5 ug (36) 3 ug (35)
Halder et al. [27] 2014 5 Traumatized lower limb orthopaedic L3-L4 HyperBup 15 mg 10 ug (40) 5 ug (40)
Yektaş A et al. [20] 2014 3 Inguinal L4-L5 HyperBup 15 mg 4 ug (20) 2 ug (20) NS (20)
Gupta M et al. [19] 2016 4 Lower abdominal/limb L3-L4 HyperBup 15 mg 10 ug (30) 5 ug (30) 2.5 ug (30)#
Al-Mustafa et al. [16] 2009 5 Urological L3-L4 IsoBup 12.5 mg 10 ug (21) 5 ug (21) NS (22)
Eid et al. [17] 2011 4 Anterior cruciate ligament reconstruction L3-L4/L4-L5 HyperBup 15 mg 15 ug (16) 10 ug (15) NS (16)
Shaikh et al. [28] 2016 4 Urological/gynecological/orthopedic L3-L4 HyperBup 15 mg 10 ug (30) 5 ug (30) NS (30)
Note: Dex = Dexmedetomidine; HyperBup = Hyperbaric Bupivacaine; IsoBup = Isobaric Bupivacaine; NS = Normal saline. IsoRop = Isobaric Ropivacaine. # = The trial had three 
dexmedetomidine group without control group.



Different doses of dexmedetomidine on spinal anesthesia

18863 Int J Clin Exp Med 2016;9(10):18860-18867

statistic. When I2 was 50% or lower, a low het-
erogeneity was rated, otherwise a high hetero-
geneity was rated. Subgroup analysis was per-
formed according to different definition of out-
comes. Funnel plot was used to assess the 
publication bias. Meta-analysis was performed 
using a random effects model. Statistical sig-
nificance was set at a P value ≤ 0.05.

Results

Literature search and study selection

In total, 633 studies were identified through  
the initial search. Of the 633 studies, 631 stud-
ies were identified through database search, 
including 143 in PubMed, 430 in Embase and 
58 in Cochrane Library and 2 studies were 
identified through relevant articles reference 
list. Of the 633 citations, 191 were duplicates 
and 433 were removed through titles and 
abstracts. Full-text of the remaining 9 eligible 
studies were screened. All 9 studies were in- 
cluded in the final meta-analysis. The flow dia-
gram of search strategy and study selection 
was presented in Figure 1.

Characteristics of the included studies

All of the 9 studies were published from 2009 
to 2016 and designed as RCT. The dose of in- 

trathecal Dex ranged from 2 ug to 15 ug. One 
trial had three different doses of intrathecal 
Dex, the doses were 2.5 ug, 5 ug, and 10 ug. 
The remaining 8 trials all had two different 
doses of Dex. Five trials performed spinal tap 
at L3-L4 intervertebral space, two trials at 
L3-L4 or L4-L5 intervertebral space, one trail  
at L2-L3, and one trial at L4-L5. Four trials 
designed without normal saline control group 
and 5 trials designed with normal saline con- 
trol group. Six trials used hyperbaric bupi- 
vacaine, two trials used isobaric ropivacaine 
and one trial used isobaric bupivacaine. The 
main characteristics of the included studies 
were presented in Table 1.

Quality assessment of included studies

The Jadad score of each included study was 
presented in Table 1. Two studies had a score 
of 3, four studies had a score of 4 and three 
studies had a score of 5. The median quality 
score was 4 (range from 3 to 5).

Primary outcome

Sensory block duration: Sensory block duration 
was reported in all 9 trials, and the definition 
varied from trial to trial. High-dose Dex group 
increased sensory block duration by 36.06 min 
[95% CI: 33.90, 38.22, P<0.00001]. The het-

Figure 2. Forest plot: sensory block duration.
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erogeneity was significant (I2=99%). Subgroup 
analysis was performed according to different 
definition of sensory block duration. High-dose 
dexmedetomidine group increased time for 
sensory block regression to S1 by 82.74 min 
[95% CI: 56.14, 109.34, P<0.00001], regress- 
ion to S2 by 64.54 min [95% CI: 25.31, 103.77, 
P=0.001] and increased time for two derma- 
tomal regression by 29.90 min [95% CI: -0.02, 
59.83, P=0.05]. The heterogeneity was still  
significant in subgroup analysis. The results 
were presented in Figure 2. A funnel plot of 
studies included in primary outcome of sen- 
sory block duration was created to explore  
publication bias. Figure 3 showed a symme- 
tric distribution around the effect estimate, 
indicating there may be minimal publication 
bias in the included studies.

Secondary outcomes 

All the results of secondary outcomes were pre-
sented in Table 2.

Sensory block onset time: Onset time of sen-
sory block was reported in 7 trials, and the defi-
nition was time for sensory block reach T10 
dermatomal. Sensory block onset time was 
decreased by 0.69 min [95% CI: 0.25, 1.13, 
P=0.002] with high dose intrathecal DEX. The 
value of I2 (89%) indicating a significant hete- 
rogeneity. 

Motor block onset time: Motor block onset time 
was reported in 7 trials, and the definition was 
time for motor block reach Bromage score (BS) 

tion was time to first postoperative anesthetic 
requirement. High-dose Dex group increased 
the duration of analgesia by 108.13 min [95% 
CI: 52.77, 163.50, P=0.0001]. The value of I2 
was 99%. 

Postoperative anesthetic consumption: Posto- 
perative anesthetic consumption was report- 
ed in 3 trials. Two trials used diclofenac so- 
dium and one trial used tramadol. Compared 
with low-dose group, high-dose group decrea- 
se postoperative anesthetic consumption by 
60.1 mg [95% CI: 7.83, 112.36, P<0.00001]. 
The value of I2 was 95%.

Dex-related side effects: Bradycardia was re- 
ported in 7 trials. High-dose Dex group increa- 
se the risk of bradycardia (OR, 1.91; 95% CI: 
1.06, 3.43; P=0.03). The value of I2 was 0%. 
Hypotension was reported in 7 trials. High-dose 
Dex group increase the risk of hypotension (OR, 
1.44; 95% CI: 0.82, 2.52; P=0.20). The value  
of I2 was 0%. The result was not statistically 
significant.  

Discussion

Nine trials were included in our meta-analysis. 
The results of our meta-analysis of the litera-
ture suggested that increase the dose of in- 
trathecal Dex can decrease sensory and mo- 
tor block onset times. However, a decrease of 
approximate 0.69 min for sensory block onset 
and 0.62 min for motor block onset were con-
sidered as no clinical significance. High dose 

Figure 3. Funnel plot: sensory block duration.

3 [19] or Modified Bromage 
score 3 [16, 24-28]. High-
dose Dex group decrease 
motor block onset time by 
0.62 min [95% CI: 0.22, 1.02, 
P=0.002]. The heterogeneity 
was significant (I2=75%). 

Motor block duration: Motor 
block duration was reported 
in 8 trials. The definition was 
time to regression to BS 0. 
High-dose intrathecal Dex in- 
creased motor block duration 
by 54.27 min [95% CI: 23.18, 
85.36, P=0.0006]. The het-
erogeneity was high (I2=99%) .

Duration of analgesia: Dura- 
tion of analgesia was report-
ed in 6 trials, and the defini-
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intrathecal DEX can prolong the duration of 
both sensory and motor block, which may 
cause delaying rehabilitation compared with 
low dose intrathecal DEX. Besides, more atten-
tion needed to paid to patients to avoid acci-
dental falls in early postoperative stage. The 
results of our meta-analysis showed that 
increase the dose of intrathecal DEX can also 
prolong the duration of analgesia and decrease 
postoperative anesthetic consumption, which 
may reduce the incidence rate of postoperative 
opioid-related side effects such as respiratory 
depression. It is noteworthy that increase the 
dose of intrathecal DEX may lead to increasing 
risk of transient and reversible bradycardia. 

Previous meta-analysis focused on the com-
parison of Dex group and normal saline control 
group. The study of the effect of different doses 
of intrathecal DEX on spinal anesthesia was 
lacking. A meta-analysis found, compared with 
normal saline, intrathecal DEX can prolong the 
duration of sensory and motor block, time to 
first analgesic request, and decrease sensory 

analysis and our meta-analysis, and the possi-
ble conclusion drawn from the two studies were 
showed in Table 3. 

The safety of patient should be always consid-
ered seriously, especially when the use of in- 
trathecal Dex is still not approved by the  
U.S. Food and Drug Administration (FDA) [31]. 
Most trials focused on transient, reversible side 
effects such as bradycardia and hypotension. 
The data of long term outcomes of patients and 
neurotoxicity of intrathecal Dex are lacking. A 
study showed that DEX may have a harmful 
effect on the myelin sheath when administrat-
ed via the epidural route in rabbits [32]. More 
attention should be paid to investigate the neu-
rological effects of Dex. A recent study indicat-
ed intravenous and perineural DEX similarly 
prolong the duration of analgesia after inter-
scalene brachial plexus block [33]. This remind-
ed us intravenous and intrathecal Dex may 
have similarly effect on spinal anesthesia. More 
trials designed strict and consistent are need-
ed to compare the efficacy and safety of intra-

Table 2. Secondary outcomes

Outcome Studies  
included

Mean difference or Odds ratio 
(95% confidence interval)

P-value for statistical 
significance

I2 test for  
heterogeneity

Sensory block onset (min) 16, 17, 19, 24, 26-28 -0.69 (-1.13, -0.25) 0.002* 89%
Motor block onset (min) 16, 19, 24-28 -0.62 (-1.02, -0.22) 0.002* 70%
Motor block duration (min) 16, 17, 19, 20, 25-28 54.27 (23.18, 85.36) 0.0006* 99%
Duration of analgesia (min) 19, 20, 24, 26-28 108.13 (52.77, 163.50) 0.0001* 99%
PAC (mg) 20, 26, 27 -60.10 (-112.36, -7.83) 0.02* 95%
Incidence of bradycardia (n/N) 16, 19, 20, 25-28 1.91 (1.06, 3.43) 0.03* 0%
Incidence of hypotension (n/N) 16, 19, 20, 25-28 1.44 (0.82, 2.52) 0.20 0%
Note: * = Statistical significant; PAC = Postoperative anesthetic consumption.

Table 3. Dexmedetomidine dose-dependent effect on spinal 
anesthesia

Outcomes

Dexmedetomidine 
VS Placebo

High dose 
VS Low dose

Dose- 
dependent

Abdallah 
FW (29)

Wu HH 
(30)

Our  
study

Sensory block onset + + + M
Motor block onset - - + MN
Sensory block duration + + + M
Motor block duration + + + M
Duration of analgesia + + + M
PAC N + + M
Bradycardia - + + M
Note: + = Statistical significant; - = Not statistical significant; N = Not men-
tioned; M = Maybe; MN = Maybe not; U = Unclear.

block onset time [29]. Another 
meta-analysis found that intra-
thecal DEX can prolong the dura-
tion of sensory and motor block, 
time to first analgesic require-
ment and increase the risk of 
bradycardia, decrease sensory 
block onset time and the num-
ber of postoperative analgesic 
requirements [30]. Put the re- 
sults of previous meta-analysis 
and our meta-analysis together 
we can draw a conclusion that 
there may be a dose-dependent 
relationship between the dose of 
intrathecal Dex and the action 
duration of spinal anesthesia. 
The results of previous meta-
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venous and intrathecal Dex. Intravenous admi- 
nistration of DEX maybe a more safety way  
to prolong the action duration of spinal anes- 
thesia.

However, several limitations should be taken 
into account when interpreting the results. 
First, the qualities of most trials included in  
our meta-analysis were generally low. Second, 
the primary outcome of our meta-analysis was 
pooled with significant heterogeneity. Although 
we performed subgroup analysis to identify  
the source of heterogeneity, there was still high 
heterogeneity. Besides, sensory block onset, 
motor block onset, motor block duration, dura-
tion of analgesia and PAC were all pooled  
with significant heterogeneity. Local anesthet-
ics used in the trials (Bupivacaine or Ropiva- 
caine), dose of intrathecal Dex (range from 2  
to 15 ug), and different measurement criteria 
may lead to the significant heterogeneity to- 
gether. As a result, the generalizability of the 
result of our study was limited. Third, most tri-
als included in our study investigated two di- 
fferent doses of intrathecal Dex. More differ- 
ent doses of intrathecal Dex are needed to 
evaluated in further research.

Conclusion

Increasing the dose of intrathecal dexmedeto-
midine may prolong the action of spinal anes-
thesia. However, the risk of bradycardia is in- 
creased at the same time. More studies are 
needed in the future to testify the safety of 
intrathecal dexmedetomidine.
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