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Abstract: Background: Intraoperative infusion of remifentanil is widely used for analgesia; however, remifentanil 
administration has been associated with hyperalgesia, respiratory depression, nausea and vomiting, emergence 
agitation, and delirium. Intraoperative infusion of dexmedetomidine may be an effective alternative for pain control. 
Method: We conducted a comprehensive literature review of the PubMed, Embase, and Cochrane Library databases 
for relevant randomized controlled trials (RCTs) comparing intraoperative infusion of dexmedetomidine and remifen-
tanil. Outcome measures included: requirement for rescue analgesia, evaluation of postoperative analgesia by pain 
scores, intraoperative and postoperative blood pressure and heart rate, and incidence of postoperative vomiting 
and shivering. Results: Twelve RCTs were included in the meta-analysis. Results demonstrated significant decreases 
in the requirement for rescue analgesia (OR: 0.42, 95% CI: 0.22, 0.80, P = 0.008, I2 = 0%), postoperative pain score 
(mean difference (MD): -1.60, 95% CI: -2.24, -0.96, P < 0.00001, I2 = 62%), and incidence of postoperative vomit-
ing (OR: 0.42, 95% CI: 0.21, 0.85, P = 0.02, I2 = 14%) in patients administered intraoperative dexmedetomidine 
versus remifentanil. There were no differences in incidence of intraoperative and postoperative hypotension (odds 
ratio (OR): 0.72, 95% confidence interval (CI): 0.24, 2.17, P = 0.56, I2 = 72%), incidence of intraoperative and post-
operative bradycardia (OR: 1.06, 95% CI: 0.48, 2.34, P = 0.89, I2 = 63%), or incidence of postoperative shivering 
(OR: 0.61, 95% CI: 0.29, 1.30, P = 0.20, I2 = 24%). Conclusions: Intraoperative infusion of dexmedetomidine can 
alleviate postoperative pain in patients undergoing general anesthesia compared to remifentanil. 
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Introduction

Postoperative pain is a common clinical prob-
lem, with approximately 80% of patients experi-
encing pain after surgery [1]. Postoperative 
pain can adversely affect a patient’s comfort, 
ability to exercise, and therefore recovery. Re- 
mifentanil is an opioid that is widely used for 
intraoperative analgesia. It has a rapid onset 
and a short half-life [2, 3] and can be given in 
high doses; however, remifentanil administra-
tion has been associated with hyperalgesia [2], 
which aggravates postoperative pain. Remi- 
fentanil can also lead to other complications, 
such as nausea and vomiting, and emergence 
agitation. Commonly accepted current practice 

utilizes intraoperative infusions of remifentanil 
ranging from 0.1 µg/kg/to 0.5 µg/kg/min. Alth- 
ough up to 2 µg/kg/min remifentanil has be- 
en recommended, in clinical practice, doses ab- 
ove 0.2 µg/kg/min are unlikely to confer any ad- 
ditional benefit and are more likely to be associ-
ated with hemodynamic instability [4, 5].

Dexmedetomidine is a highly selective α2-ad- 
renoreceptor agonist with an α2:α1 receptor 
affinity of 1620:1 [6]. Dexmedetomidine pro-
duces sedation similar to natural sleep [7, 8] 
without respiratory depression and has a pro-
tective effect on certain organs, including the 
heart, kidney, and brain [9-12]. The mean onset 
time of analgesia/sedation is 15 minutes after 
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intravenous administration of dexmedetomi-
dine [13]. Pharmacokinetic studies show a dis-
tribution half-life of approximately 6 minutes 
and a terminal elimination half-life of 2 hours 
after intravenous administration [14]. A loading 
dose of 1 µg/kg dexmedetomidine in 10 min 
followed by a maintenance infusion of 0.6 µg/
kg/h, titrated to the desired clinical effect with 
doses ranging from 0.2 to 1 µg/kg/h, is recom-
mended. Consistent with its pharmacological 
effects, dexmedetomidine decreases heart ra- 
te and blood pressure. These haemodynamic 
changes are associated with a reduction in nor-
adrenaline and adrenaline levels [15]. At higher 
doses, dexmedetomidine has been associated 
with hypotension, bradycardia, and xerostomia 
[16], especially in elderly patients (> 65 years 
of age) [6]. 

Recent reports suggest that intraoperative dex-
medetomidine can provide satisfactory analge-
sia with limited side effects, and studies have 
shown that dexmedetomidine can be used as a 
substitute for remifentanil [17-19]. However, 
the impact of dexmedetomidine on postopera-
tive pain remains controversial. The objectives 
of this meta-analysis were to 1) compare the eff- 

Library of Medicine were used to limit searches 
to randomized controlled trials (RCTs) in Med- 
line and Embase. ClinicalTrials.gov was search- 
ed for ongoing trials (http://clinicaltrials.gov/). 
A manual search of the reference lists from rel-
evant articles was also carried out; this process 
was performed iteratively until no additional 
articles could be identified. Study authors were 
contacted for information on missing data or 
conference proceedings. The search strategy is 
summarized in the Appendix.

Inclusion and exclusion criteria

Inclusion criteria were: 1) RCTs comparing intra-
operative infusion of dexmedetomidine and re- 
mifentanil; 2) patients > 18 years of age; and 3) 
patients undergoing general anesthesia. 

Exclusion criteria were: 1) quasi- or pseudo- 
randomized trials; 2) reviews, letters, or editori-
als; or 3) studies that reported insufficient data.

Study selection

Two review authors (C-Y J, Y-Y C) independently 
examined titles and abstracts to select eligible 
RCTs. Where datasets were duplicated, only the 

Figure 1. Flow diagram of study search and selection. 

ect of dexmedetomidine and 
remifentanil on postoperative 
pain in patients undergoing ge- 
neral anesthesia, and 2) evalu-
ate the feasibility of intraopera-
tive infusion of dexmedetomi-
dine for pain management in 
this patient population.

Methods

This meta-analysis was con-
ducted according to the Coch- 
rane Handbook for Systematic 
Reviews [20].

Searches

Two review authors (C-Y J, Y-Y 
C) independently searched the 
Medline, Embase, and Coch- 
rane Central Register of Con-
trolled Trials (CENTRAL) data-
bases in May 2017 using sub-
ject headings and keywords: 
dexmedetomidine and remi-
fentanil. Methodology filters re- 
commended by the Countway 
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most recent information was included. The full 
text of potentially relevant RCTs was retrieved. 
Two review authors (C-Y J, Y-Y C) independently 
examined the full text records to determine 
which RCTs met the inclusion criteria. Disag- 
reements about study selection were reso- 
lved by discussion and consensus with a third 
author (Y S). 

Outcomes

Two review authors (C-Y J, Y-Y C) independently 
extracted data from eligible RCTs including de- 
tails describing study population, interventions, 
and outcome measures.

The primary outcome measures were: postop-
erative pain, evaluated by the requirement for 
rescue analgesia and postoperative pain scor- 
es (visual analogue scale [VAS]; 0 [no pain]-10 
[severe pain]). Secondary outcome measures 
were blood pressure, quantitatively evaluated 
by the incidence of hypotension; heart rate, qu- 
antitatively evaluated by the incidence of brady-
cardia; incidence of postoperative vomiting; 
and incidence of postoperative shivering.

Disagreements about data extraction were re- 
solved by discussion and consensus with a th- 
ird author (Y S).

Assessment of quality of evidence in included 
studies

Two review authors (C-Y J, Y-Y C) independently 
assessed the risk of bias in each included RCT 
using tools provided by the Cochrane Collab- 
oration. Six domains, including random sequ- 

ence generation (selection bias), allocation con- 
cealment (selection bias), incomplete outcome 
data (attrition bias), selective reporting (report-
ing bias), other bias, and blinding (performance 
bias and detection bias) were assessed for ea- 
ch trial. Risk of bias was categorized as low (all 
domains were considered adequate), high (pre- 
sence of information that could cause bias), or 
unclear (inadequate information available to 
assess risk of bias).

Disagreements about risk of bias were resolved 
by discussion and consensus with a third au- 
thor (Y S).

Statistical analysis

Statistical analyses were performed using Rev- 
Man (v. 5.3; The Cochrane Collaboration, Ox- 
ford, UK). Mean differences (MDs) were calcu-
lated for continuous variables, and odds ra- 
tios (ORs) with 95% confidence intervals (CIs) 
were calculated for dichotomous variables.

Methodological and clinical heterogeneity were 
investigated by comparing interventions, par-
ticipants, and study endpoints. Reasons for me- 
thodological and clinical heterogeneity were 
discussed. Statistical heterogeneity was inves-
tigated with the inconsistency index. A random-
effects model was used to pool studies with 
significant heterogeneity, defined as I2 ≥ 50%. 
Studies with substantial heterogeneity (I2 ≥ 
75%) that could not be explained by data extrac-
tion or clinical and methodological heterogene-
ity (e.g., race, dose, design) were excluded from 
the meta-analysis.

Table 1. Dosage of dexmedetomidine and remifentanil
Reference Dexmedetomidine* Remifentanil**
Chaves 2003 [25] 1 µg/kg + 0.7 µg/kg/h 1 µg/kg + 0.5 µg/kg/h

Hwang 2015 [22] 0.01-0.02 μg/kg/min 0.01-0.2 μg/kg/min

Jung 2011 [27] 1 µg/kg + 0.2-0.7 µg/kg/h 0.8-1.2 µg/kg + 0.05-0.1 µg/kg/min

Karabayirli 2017 [24] 1 µg/kg + 0.7 µg/kg/h 1 µg/kg + 0.25-0.5 µg/kg/min

Kim 2015 [23] 0.5 µg/kg + 0.5 µg/kg/h Remifentanil TCI to achieve a HR and MBP with 20% of the preoperative baseline values.

Lee 2017 [17] 0.3-0.4 µg/kg + 0.2-1 µg/kg/h 1-5 µg/kg/h

Murari Sudré 2004 [29] 0.5 µg/kg/h 0.1 µg/kg/min

Polat 2015 [26] 0.4 µg/kg/h 0.05 µg/kg/min

Rajan 2015 [18] 0.5-1 µg/kg + 0.2-0.7 µg/kg/h 0.08-0.15 µg/kg/min

Richa 2008 [28] 1 µg/kg + 0.4-0.8 µg/kg/h 1 µg/kg + 0.2-0.4 µg/kg/min

Salman 2009 [19] 1 µg/kg + 0.2 µg/kg/h 1 µg/kg + 0.2 µg/kg/min

Turgut 2009 [21] 1 µg/kg + 0.2-1 µg/kg/h 1 µg/kg + 0.05-1 µg/kg/min
*Loading dose and/or maintenance dose of dexmedetomidine. **Loading dose and/or maintenance dose of remifentanil. ASA, American Society of Anesthesiologists HR, 
heart rate; MBP, mean blood pressure; TCI, targeted controlled infusion.
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Subgroup analyses stratified by anesthesia pro- 
tocol were conducted to further compare and 
validate the impact of intraoperative dexme-
detomidine and remifentanil on postoperative 
pain.

Results

Study selection

The searches identified 326 articles; of these, 
30 studies were considered potentially eligible 

for inclusion. After analyzing the full text arti-
cles, 18 studies were excluded (14 studies did 
not fulfill the inclusion criteria; four studies had 
no extractable data), and 12 RCTs were found 
eligible for inclusion according to our criteria for 
considering studies in this review (Figure 1).

Characteristics of included studies

The characteristics of the included RCTs are 
shown in Tables 1 and 2, and the study proto-
cols for anesthesia and analgesia used in the 

Table 2. Characteristics of included studies

Reference
Dexmedetomidine Remifentanil

Number Age (Y) Gender (M/F) Number Age (Y) Gender (M/F)
Chaves 2003 [25] 21 41.76 ± 12.08 4/17 21 41.76 ± 12.08 7/14
Hwang 2015 [22] 19 65.9 ± 5.8 8/11 18 65.1 ± 5.3 8/10
Jung 2011 [27] 25 46.3 ± 3.7 / 25 45.4 ± 4.2 /
Karabayirli 2017 [24] 24 37 (27-46) 11/13 24 36 (28-46) 13/11
Kim 2015 [23] 21 39.2 ± 12.5 14/7 18 36.2 ± 15.1 9/9
Lee 2017 [17] 38 75.4 ± 6.4 4/34 37 77.1 ± 7.4 2/35
Murari Sudré 2004 [29] 44 43 ± 4 11/33 44 42 ± 5 11/33
Polat 2015 [26] 30 36 (23-53) 22/8 30 37 (17-48) 18/12
Rajan 2015 [18] 68 56 ± 14 35/33 71 55 ± 14 34/37
Richa 2008 [28] 12 34.2 6 9.6 5/7 12 36.6 6 9.9 6/6
Salman 2009 [19] 30 34 ± 7 22/8 30 34 ± 8 21/9
Turgut 2009 [21] 25 56.52 ± 12.54 / 25 53.56 ± 10.14 /
Y: years; M: male; F: female.

Table 3. Study protocols
Reference Inhaled anesthetics^ Muscle relaxant** Sedatives‡ Other analgesics†

Chaves 2003 [25] 2% sevoflurane 0.2 mg/kg cisatracurium* 2.5 mg/kg propofol* -

Hwang 2015 [22] - 1 mg/kg rocuronium* 1-2 mg/kg propofol*

3-12 mg/kg/h propofol
-

Jung 2011 [27] 2 L/min O2, 3 L/min N2O, 
6-7% desflurane

0.6 mg/kg rocuronium* 2 mg/kg propofol* -

Karabayirli 2017 [24] 2% sevoflurane in 50% O2, 
and 50% N2O

0.6 mg/kg rocuronium* 2.5 mg/kg propofol* 1 µg/kg fentanyl (when BIS 
> 60)

Kim 2015 [23] - 0.6 mg/kg rocuronium* Using a propofol TCI* 1 µg/kg fentanyl*

Lee 2017 [17] - - 0.3 mg/kg propofol* -

Murari Sudré 2004 [29] 0.5-1% sevoflurane 1 mg/kg succinylcholine*

0.15 mg/kg/h rocuronium
2 mg/kg propofol* 150 µg fentanyl*

Polat 2015 [26] Desflurane in 50% O2/N2O 0.6-0.8 mg/kg rocuronium* 1.5-2 mg/kg propofol* 1 µg/kg fentanyl*

Rajan 2015 [18] Sevoflurane 1 mg/kg rocuronium*

maintained during surgery
1-3 mg/kg propofol* 1-3 µg/kg fentanyl*

50 µg fentanyl during clousure

Richa 2008 [28] 1-1.5 MAC isoflurane in 
50% O2/N2O

0.15 mg/kg cisatracurium*

2 µg/kg/min  Cisatracurium
2.5 mg/kg propofol* 15 mg/kg paracetamol during 

clousure

Salman 2009 [19] 6% desflurane in 50% O2, 
and 50% N2O

0.1 mg/kg vecuronium* 2 mg/kg propofol* -

Turgut 2009 [21] - 0.2 mg/kg cisatracurium*

Maintained during surgeries
1-2.5 propofol*

maintained during surgeries 
(150 µg/kg/min)

1 mg/kg Tramadol during 
clousure

^Type and maintenance dose of inhaled anesthetics. **Loading dose and/or maintenance dose of muscle relaxant. ‡Loading dose and/or maintenance dose of sedatives. 
†Dose of other analgesics. *Drugs were used during induction periods. TCI, targeted controlled infusion.



The comparison of dexmedetomidine and remifentanil on postoperative pain

1169 Int J Clin Exp Med 2019;12(1):1165-1178

Table 4. Methodological quality of the included studies
Reference Random sequence generation Allocation Blinding Incomplete data Selective reporting Other bias
Chaves 2003 [25] No details No details Double blind No dropouts Not all expected outcomes reported Small sample size
Hwang 2015 [22] A computer-generated program No details Double blind No loss to follow-up Not all expected outcomes reported Small sample size
Jung 2011 [27] A computer-generated program Sealed envelops Double blind No dropouts Not all expected outcomes reported Small sample size
Karabayirli 2017 [24] No details No details Double blind No dropouts Never report a pre-design result Small sample size
Kim 2015 [23] A computer-generated program No details Double blind No loss to follow-up Not all expected outcomes reported Small sample size
Lee 2017 [17] A computer-generated program No details Double blind No loss to follow-up Not all expecte d outcomes reported Small sample size
Murari Sudré 2004 [29] No details No details Double blind No loss to follow-up Not all expected outcomes reported Small sample size
Polat 2015 [26] A computer-generated program No details Double blind No dropouts Not all expected outcomes reported Small sample size
Rajan 2015 [18] A computer-generated program Sealed envelops Double blind No loss to follow-up Not all expected outcomes reported Large sample size
Richa 2008[28] A computer-generated program No details Double blind No dropouts Not all expected outcomes reported Small sample size
Salman 2009 [19] A computer-generated program No details Double blind No loss to follow-up Not all expected outcomes reported Small sample size
Turgut 2009 [21] A computer-generated program Sealed envelops Double blind No loss to follow-up Not all expected outcomes reported Small sample size
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RCTs are shown in Table 3. The 12 included 
RCTs incorporated 353 patients treated with 
intraoperative dexmedetomidine and 358 

thesia included total intravenous anesthesia 
without inhaled anesthetics, administered in 
four RCTs [17, 21-23], and balanced anesthe-
sia, administered in seven RCTs. Other analge-
sics were fentanyl, administered in five RCTs, 
paracetamol, administered in one RCT, and tra-
madol, administered in one RCT. 

Quality of the studies

Assessment of quality of evidence in the includ-
ed RCTs is shown in Table 4; Figures 2 and 3. 
Eleven RCTs showed low or unclear risk of bias 
in all six domains. One RCT [24] showed high 
risk of bias on selective reporting, as it did not 
report a pre-specified primary outcome.

Outcomes

Primary outcomes

Postoperative Pain evaluation: Requirement for 
rescue analgesia is described in five RCTs [19, 
22, 24-26] (dexmedetomidine, n = 123; remi-
fentanil, n = 123). The meta-analysis demon-
strated a significant decrease in the require-
ment for rescue analgesia in patients undergo-
ing general anesthesia with intraoperative 
administration of dexmedetomidine compared 
to those with intraoperative administration of 
remifentanil (OR: 0.42, 95% CI: 0.22, 0.80, P = 
0.008, I2 = 0%; Figure 4).

Overall VAS score is described in three RCTs 
[18, 19, 23] (dexmedetomidine, n = 122; remi-
fentanil, n = 116). The meta-analysis demon-
strated a significant decrease in the postopera-
tive VAS score in patients undergoing general 
anesthesia with intraoperative administration 
of dexmedetomidine compared to those with 
intraoperative administration of remifentanil 

Figure 3. Methodological quality of included studies: 
“+” low risk of bias; “?” unclear risk of bias; “-” high 
risk of bias.

Figure 2. Methodological quality of included studies: Each domain is pre-
sented as a percentage across the included studies.

treated with intraoperative re- 
mifentanil; all were classified 
as American Society of Anes- 
thesiologists I-III. Dexmedeto- 
midine was administered with 
a loading dose ranging from 
0.3 µg/kg to 1 µg/kg and a 
maintenance dose ranging fr- 
om 0.2 μg/kg/hr to 1 µg/kg/h. 
Remifentanil was administered 
with a loading dose of 1 µg/kg 
and a maintenance dose rang-
ing from 0.01 μg/kg/min to 1 
µg/kg/min. Protocols for anes-
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(MD: -1.60, 95% CI: -2.24, 0.96, P < 0.00001, I2 
= 62%; Figure 5).

Secondary outcomes

Blood pressure: Intraoperative blood pressure 
is described in eight RCTs. Five [21, 23-26] 
RCTs demonstrated no significant difference in 
intraoperative blood pressure, two RCTs [17, 
27] demonstrated a significant decrease in in- 
traoperative blood pressure, and one RCT [28] 
demonstrated a significant increase in intraop-
erative blood pressure in patients undergoing 
general anesthesia with intraoperative admin-
istration of dexmedetomidine compared to tho- 
se with intraoperative administration of remi- 
fentanil.

Incidence of intraoperative and postoperative 
hypotension is described in four RCTs [17, 19, 

27, 28] (dexmedetomidine, n = 105; remifent-
anil, n = 104). The meta-analysis demonstrated 
no significant difference in incidence of intraop-
erative and postoperative hypotension in pa- 
tients undergoing general anesthesia with in- 
traoperative administration of dexmedetomi-
dine compared to those with intraoperative ad- 
ministration of remifentanil (OR: 0.72, 95% CI: 
0.24, 2.17, P = 0.56, I2 = 72%; Figure 6).

Heart rate: Intraoperative heart rate is des- 
cribed in eight RCTs. Five [21, 23-26] RCTs 
demonstrated no significant difference in intra-
operative heart rate, two RCTs [17, 27] demon-
strated a significant decrease in intraoperative 
heart rate, and, one RCT [28] demonstrated a 
significant increase in intraoperative heart rate 
in patients undergoing general anesthesia with 
intraoperative administration of dexmedetomi-

Figure 4. Postoperative pain: Requirement for rescue analgesics.

Figure 5. Postoperative pain: Overall VAS score.
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dine compared to those with intraoperative ad- 
ministration of remifentanil.

Incidence of intraoperative and postoperative 
bradycardia is described in five RCTs [17, 19, 
21, 27, 28] (dexmedetomidine, n = 150; remi-
fentanil, n = 151). The meta-analysis demonst- 
rated no significant difference in incidence of 
intraoperative and postoperative bradycardia 
in patients undergoing general anesthesia with 
intraoperative administration of dexmedetomi-
dine compared to those with intraoperative 
administration of remifentanil (OR: 1.06, 95% 
CI: 0.48, 2.34, P = 0.89, I2 = 63%; Figure 7).

Incidence of postoperative vomiting: Incidence 
of postoperative vomiting is described in six 

RCTs [18, 19, 21, 24, 27, 29] (dexmedetomi-
dine, n = 215; remifentanil, n = 219). The meta-
analysis demonstrated a significantly decreas- 
ed incidence of postoperative vomiting in pa- 
tients undergoing general anesthesia with in- 
traoperative administration of dexmedetomi-
dine compared to those with intraoperative 
administration of remifentanil (OR: 0.42, 95% 
CI: 0.21, 0.85, P = 0.02, I2 = 14%; Figure 8).

Incidence of postoperative shivering: Incidence 
of postoperative shivering is described in four 
RCTs [17, 19, 27, 28] (dexmedetomidine, n = 
141; remifentanil, n = 145). The meta-analysis 
demonstrated no significant difference in inci-
dence of postoperative shivering in patients 

Figure 7. Incidence of postoperative and intraoperative bradycardia.

Figure 6. Incidence of postoperative and intraoperative hypotension.
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undergoing general anesthesia with intraopera-
tive administration of dexmedetomidine com-
pared to those with intraoperative administra-
tion of remifentanil (OR: 0.61, 95% CI: 0.29, 
1.30, P = 0.20, I2 = 24%; Figure 9).

Subgroup analysis

Subgroup analyses were stratified by protocol 
for anesthesia; the four RCTs that administered 
total intravenous anesthesia without inhaled 
anesthetics [17, 21-23] were excluded, and the 
meta-analyses were repeated in patients ad- 
ministered balanced anesthesia only. Intrao- 

perative dexmedetomidine administration de- 
creased the requirement for rescue analgesics 
(OR: 0.47, 95% CI: 0.24, 0.94, P = 0.03, I2 = 
0%), postoperative VAS score (MD: -1.81, 95% 
CI: -2.55, -1.06, P < 0.00001, I2 = 76%), and inci- 
dence of postoperative vomiting (OR: 0.43 95% 
CI: 0.21, 0.91, P = 0.03, I2 = 30%) compared to 
intraoperative remifentanil administration in 
patients undergoing balanced anesthesia. Th- 
ere were no significant differences in incidence 
of intraoperative and postoperative hypoten-
sion (OR: 0.42, 95% CI: 0.11, 1.55, P = 0.19, I2 
= 80%), incidence of intraoperative and postop-
erative bradycardia (OR: 0.70, 95% CI: 0.28, 

Figure 8. Incidence of postoperative vomiting.

Figure 9. Incidence of postoperative shivering.
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1.74, P = 0.44, I2 =54%), or incidence of postop-
erative shivering (OR: 0.91, 95% CI: 0.33, 2.49, 
P = 0.85, I2 = 36%) in these patients.

Discussion

The use of intraoperative remifentanil causes 
postoperative discomfort in patients due to opi- 
oid-induced hyperalgesia [4]. Suppressed reup-
take or increased release of excitatory neuro- 
transmitters including glutamate, aspartate, 
and substance P [30], and the N-methyl-D-
aspartate (NMDA) receptor and its ligands glu-
tamate and aspartate are important in opioid-
induced hyperalgesia [31]. Dexmedetomidine 
prevents hyperalgesia by modulating the ex- 
pression, membrane trafficking, and function 
of NMDA receptors [32-34], provides an anal-
gesic effect by acting on α2 adrenergic recep-
tors in the spinal cord, and maintains normal no- 
ciceptive responses.

Some studies indicate that dexmedetomidine 
lacks analgesic efficacy [35, 36]. In particular, a 
plasma concentration of 1.23 ng/ml dexme-
detomidine did not provide adequate analgesia 
to heat or electrical stimuli in healthy volun-
teers [35], suggesting that additional analgesic 
drugs may be needed during the intraoperative 
period to enhance analgesia in surgical patients 
administered intraoperative dexmedetomidine. 
One study reported that patients scheduled for 
vertebroplasty or kyphoplasty who received in- 
traoperative dexmedetomidine required addi-
tional fentanyl during surgery compared to th- 
ose who received intraoperative remifentanil 
[17]. Despite these reports, our study demon-
strated a significant decrease in the require-
ment for rescue analgesia in patients that re- 
ceived intraoperative administration of dexme-
detomidine versus remifentanil.

The most common side effects of intraopera-
tive dexmedetomidine are hypotension and bra- 
dycardia due to its impact on hemodynamic 
stability. In the current study, most studies re- 
ported no significant difference in intraopera-
tive blood pressure and heart rate in patients 
undergoing general anesthesia with intraopera-
tive administration of dexmedetomidine com-
pared to those with intraoperative administra-
tion of remifentanil. However, some studies [17, 
27] indicated that intraoperative dexmedetomi-
dine lowered blood pressure and heart rate 
compared to intraoperative remifentanil. In two 

studies, the maintenance dose of remifentanil 
was less than 0.1 µg/kg/min, which may mini-
mize hemodynamic effects. In another study, 
remifentanil lowered mean arterial pressure 
and heart rate during tympanoplasty. The au- 
thors proposed that remifentanil induces a con-
sistent and sustained controlled hypotension, 
potent analgesia and decreased middle-ear 
blood flow.

Dexmedetomidine has a biphasic hemodynam-
ic effect [15, 16]. A loading dose of dexmedeto-
midine causes a peak concentration, leading to 
stimulating α2-receptors in vascular smooth 
muscle, reducing heart rate and causing reflex-
ive vasoconstriction and hypertension [16]. At 
lower concentrations, dexmedetomidine stimu-
lates α2-receptors in vascular endothelial cells, 
and increases vagal activity, causing vasodila-
tation [37]. Our study demonstrated no signifi-
cant difference in the incidence of intraopera-
tive or postoperative hypotension in patients th- 
at received intraoperative administration of dex- 
medetomidine versus remifentanil. Since the 
majority of the adverse events associated with 
dexmedetomidine administration occur during 
or shortly after the loading dose, a lower load-
ing infusion rate during the first hour or elimi-
nating the loading dose may reduce the inci-
dence of hypotension [38].

Dexmedetomidine leads to reduced cardiac 
output because it decreases heart rate [39]; 
specifically, heart rate decreases 16-30% fr- 
om baseline at plasma drug concentrations > 
1-3 ng/ml [16, 40, 41]. Several studies sug-
gested that intraoperative dexmedetomidine 
should be used with caution in elderly patients 
> 65 years of age because of the risk of brady-
cardia and hypotension [42-45]. The studies 
included in this review excluded patients with 
congestive heart failure, bradycardia (heart ra- 
te < 50 bpm), or atrioventricular block. As our 
findings are only relevant to surgical patients 
with good cardiac function, who have a lower 
incidence of bradycardia and milder impairme- 
nt of cardiac function as a result of dexmedeto-
midine or remifentanil administration, our data 
should be interpreted with caution.

The current study revealed a significantly lower 
incidence of postoperative vomiting in patients 
that received intraoperative administration of 
dexmedetomidine versus remifentanil. Our pool- 
ed analysis only included RCTs that reported 
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incidence of postoperative vomiting in order to 
reduce heterogeneity; however, data may have 
been confounded as postoperative nausea and 
vomiting (PONV) was ambiguously defined in in- 
dividual trials. Opioids can stimulate opioid re- 
ceptors in gastrointestinal smooth muscle, act 
on opioid receptors in the brain stem, and lead 
to PONV. Dexmedetomidine antiemetic effects 
may result from inhibition of the sympathetic 
nervous system and catecholamine release by 
its actions on α2-adrenoreceptors. In accordan- 
ce with our findings, a previous review reported 
that dexmedetomidine prevented PONV in pa- 
tients undergoing general anesthesia [46].

The current study showed no significant differ-
ence in the incidence of postoperative shiver-
ing in patients that received intraoperative ad- 
ministration of dexmedetomidine versus remi-
0fentanil. In contrast, some studies suggest 
that intraoperative dexmedetomidine has good 
efficacy in the prevention of postoperative shiv-
ering [47, 48]. Shivering is caused by systemic 
vasodilation and dysfunction in thermotaxic 
centers, leading to increased heat exchange 
and decreased core temperature. The role of 
dexmedetomidine in postoperative shivering re- 
mains controversial, as dexmedetomidine can 
activate α2B-receptors in the hypothalamus, 
which mediate anti-shivering and suppress the 
spontaneous firing of neurons.

Anesthesia protocol may impact postoperative 
pain. In the current study, subgroup analyses 
suggested that intraoperative dexmedetomidi- 
ne is comparable or superior to intraoperative 
remifentanil for alleviating postoperative pain 
in balanced anesthesia. 

Limitations

This study has several limitations. First, we only 
assessed the effect of intraoperative dexme-
detomidine on blood pressure and heart rate 
using descriptive analyses due to the missing 
data. However, hypotension and bradycardia 
were used as surrogate variables for quantita-
tive analyses. Second, there was evidence of 
heterogeneity between the included RCTs, whi- 
ch may have been caused by different types of 
surgery, demographic and clinical characteris-
tics of the patients, timing of administration of 
rescue analgesics, concentrations of dexmede- 
tomidine and remifentanil, and small sample 
size. However, subgroup analyses that strati-

fied RCTs by protocol for anesthesia demonst- 
rated results that were similar to the overall fi- 
ndings, suggesting that the methodology and 
outcomes of this meta-analysis are robust.

Conclusion

Data from this meta-analysis, which included a 
limited number of RCTs, indicate that dexme-
detomidine has superior safety and efficacy for 
alleviating postoperative pain compared to re- 
mifentanil in patients undergoing general anes-
thesia. Dexmedetomidine administration was 
associated with less postoperative vomiting 
and therefore may improve recovery after sur-
gery in this patient population. Additional high-
quality studies with a large sample size are 
required to confirm these findings.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Yu Sun, Department 
of Anesthesiology, Shanghai Ninth People’s Hospital, 
639 Zhizaoju Road, Shanghai 200011, China. Tel: 
86-21-23271699; Fax: 86-21-63136856; E-mail: 
dr_sunyu@163.com

References

[1] Apfelbaum JL, Chen C, Mehta SS and Gan TJ. 
Postoperative pain experience: results from a 
national survey suggest postoperative pain 
continues to be undermanaged. Anesth Analg 
2003; 97: 534-40, table of contents.

[2] Glass PS, Hardman D, Kamiyama Y, Quill TJ, 
Marton G, Donn KH, Grosse CM and Hermann 
D. Preliminary pharmacokinetics and pharma-
codynamics of an ultra-short-acting opioid: 
remifentanil (GI87084B). Anesth Analg 1993; 
77: 1031-40.

[3] Choi HR, Cho JK, Lee S, Yoo BH, Yon JH and 
Kim KM. The effect of remifentanil versus N(2)
O on postoperative pain and emergence agita-
tion after pediatric tonsillectomy/adenoidec-
tomy. Korean J Anesthesiol 2011; 61: 148-53.

[4] Yu EH, Tran DH, Lam SW and Irwin MG. 
Remifentanil tolerance and hyperalgesia: sh- 
ort-term gain, long-term pain? Anaesthesia 
2016; 71: 1347-1362.

[5] Maurtua MA, Deogaonkar A, Bakri MH, Mascha 
E, Na J, Foss J, Sessler DI, Lotto M, Ebrahim Z 
and Schubert A. Dosing of remifentanil to pre-
vent movement during craniotomy in the ab-
sence of neuromuscular blockade. J Neurosurg 
Anesthesiol 2008; 20: 221-5.

mailto:dr_sunyu@163.com


The comparison of dexmedetomidine and remifentanil on postoperative pain

1176 Int J Clin Exp Med 2019;12(1):1165-1178

[6] Weerink MA, Struys MM, Hannivoort LN, 
Barends CR, Absalom AR and Colin P. Clinical 
pharmacokinetics and pharmacodynamics of 
dexmedetomidine. Clin Pharmacokinet 2017; 
56: 893-913.

[7] Oto J, Yamamoto K, Koike S, Onodera M, 
Imanaka H and Nishimura M. Sleep quality of 
mechanically ventilated patients sedated with 
dexmedetomidine. Intensive Care Med 2012; 
38: 1982-9.

[8] Coull JT, Jones ME, Egan TD, Frith CD and 
Maze M. Attentional effects of noradrenaline 
vary with arousal level: selective activation of 
thalamic pulvinar in humans. Neuroimage 
2004; 22: 315-22.

[9] Gu J, Chen J, Xia P, Tao G, Zhao H and Ma D. 
Dexmedetomidine attenuates remote lung in-
jury induced by renal ischemia-reperfusion in 
mice. Acta Anaesthesiol Scand 2011; 55: 
1272-8.

[10] Hsu YW, Cortinez LI, Robertson KM, Keifer JC, 
Sum-Ping ST, Moretti EW, Young CC, Wright DR, 
Macleod DB and Somma J. Dexmedetomidine 
pharmacodynamics: part I: crossover compari-
son of the respiratory effects of dexmedetomi-
dine and remifentanil in healthy volunteers. 
Anesthesiology 2004; 101: 1066-76.

[11] Qiu YS, Jia YP and Xu Q. The protective effect of 
alpha-2 adrenergic agonist on cranial nerve in 
rats with brain injury. Zhonghua Yi Xue Za Zhi 
2016; 96: 2246-50.

[12] Zarbock A and Milles K. Novel therapy for renal 
protection. Curr Opin Anaesthesiol 2015; 28: 
431-8.

[13] Prommer E. Review article: dexmedetomidine: 
does it have potential in palliative medicine? 
Am J Hosp Palliat Care 2011; 28: 276-83.

[14] Anttila M, Penttila J, Helminen A, Vuorilehto L 
and Scheinin H. Bioavailability of dexmedeto-
midine after extravascular doses in healthy 
subjects. Br J Clin Pharmacol 2003; 56: 691-3.

[15] Bloor BC, Ward DS, Belleville JP and Maze M. 
Effects of intravenous dexmedetomidine in hu-
mans. II. Hemodynamic changes. Anesthe- 
siology 1992; 77: 1134-42.

[16] Ebert TJ, Hall JE, Barney JA, Uhrich TD and 
Colinco MD. The effects of increasing plasma 
concentrations of dexmedetomidine in hu-
mans. Anesthesiology 2000; 93: 382-94.

[17] Lee JM, Lee SK, Lee SJ, Hwang WS, Jang SW 
and Park EY. Comparison of remifentanil with 
dexmedetomidine for monitored anaesthesia 
care in elderly patients during vertebroplasty 
and kyphoplasty. J Int Med Res 2017; 44: 307-
16

[18] Rajan S, Hutcherson MT, Sessler DI, Kurz A, 
Yang D, Ghobrial M, Liu J and Avitsian R. The 
effects of dexmedetomidine and remifentanil 
on hemodynamic stability and analgesic re-

quirement after craniotomy: a randomized 
controlled trial. J Neurosurg Anesthesiol 2016; 
28: 282-90.

[19] Salman N, Uzun S, Coskun F, Salman MA, 
Salman AE and Aypar U. Dexmedetomidine as 
a substitute for remifentanil in ambulatory gy-
necologic laparoscopic surgery. Saudi Med J 
2009; 30: 77-81.

[20] Higgins JPT and Green S. Cochrane Handbook 
for Systematic Reviews of Interventions 
Version 5.1.0 [updated March 2011], in The 
Cochrane Collaboration. http://handbook-5-1.
cochrane.org/.

[21] Turgut N, Turkmen A, Ali A and Altan A. Remi- 
fentanil-propofol vs dexmedetomidine-propo-
fol--anesthesia for supratentorial craniotomy. 
Middle East J Anaesthesiol 2009; 20: 63-70.

[22] Hwang W, Lee J, Park J and Joo J. Dexm- 
edetomidine versus remifentanil in postopera-
tive pain control after spinal surgery: a ran-
domized controlled study. BMC Anesthesiol 
2015; 15: 21.

[23] Kim H, Ha SH, Kim CH, Lee SH and Choi SH. 
Efficacy of intraoperative dexmedetomidine in-
fusion on visualization of the surgical field in 
endoscopic sinus surgery. Korean J Anesthesiol 
2015; 68: 449-54.

[24] Karabayirli S, Ugur KS, Demircioglu RI, Muslu 
B, Usta B, Sert H and Ark N. Surgical conditions 
during FESS; comparison of dexmedetomidine 
and remifentanil. Eur Arch Otorhinolaryngol 
2017; 274: 239-245.

[25] Chaves TP, Gomes JM, Pereira FE, Cavalcante 
SL, Leitão IM, Monte HS and Escalante RD. 
Hemodynamic and metabolic evaluation of 
dexmedetomidine and remifentanil continu-
ous infusion in videolaparoscopic cholecystec-
tomy: comparative study. Rev Bras Anestesiol 
2003; 53: 419-30.

[26] Polat R, Peker K, Baran I, Bumin Aydın G, Topçu 
Gülöksüz Ç and Dönmez A. Comparison be-
tween dexmedetomidine and remifentanil infu-
sion in emergence agitation during recovery 
after nasal surgery: a randomized double-blind 
trial. Anaesthesist 2015; 64: 740-6.

[27] Jung HS, Joo JD, Jeon YS, Lee JA, Kim DW, In 
JH, Rhee HY and Choi JW. Comparison of an 
intraoperative infusion of dexmedetomidine or 
remifentanil on perioperative haemodynamics, 
hypnosis and sedation, and postoperative pain 
control. J Int Med Res 2011; 39: 1890-9.

[28] Richa F, Yazigi A, Sleilaty G and Yazbeck P. 
Comparison between dexmedetomidine and 
remifentanil for controlled hypotension during 
tympanoplasty. Eur J Anaesthesiol 2008; 25: 
369-74.

[29] Murari Sudré EC, Do Carmo Salvador M, Elena 
Bruno G, Valentim Vassallo D, Rocha Lauretti G 
and Sudré Filho GN. Remifentanil versus dex-



The comparison of dexmedetomidine and remifentanil on postoperative pain

1177 Int J Clin Exp Med 2019;12(1):1165-1178

medetomidine as coadjutants of standardized 
anesthetic technique in morbidly obese pa-
tients. Rev Bras Anestesiol 2004; 54: 178-89.

[30] Arout CA, Edens E, Petrakis IL and Sofuoglu M. 
Targeting opioid-lnduced hyperalgesia in cli- 
nical treatment: Neurobiological considera- 
tions. CNS Drugs 2015; 29: 465-86.

[31] Mao J, Sung B, Ji RR and Lim G. Chronic mor-
phine induces downregulation of spinal gluta-
mate transporters: implications in morphine 
tolerance and abnormal pain sensitivity. J 
Neurosci 2002; 22: 8312-23.

[32] Kikuchi N, Irifune M, Shimizu Y, Yoshida K, 
Morita K, Kanematsu T, Morioka N, Nakata Y 
and Sakai N. Selective blockade of N-methyl-D-
aspartate channels in combination with dopa-
mine receptor antagonism induces loss of the 
righting reflex in mice, but not immobility. 
Psychopharmacology (Berl) 2015; 232: 39-46.

[33] Low YH and Gan TJ. NMDA receptor antago-
nists, gabapentinoids, alpha-2 agonists, and 
dexamethasone and other non-opioid adju-
vants: do they have a role in plastic surgery? 
Plast Reconstr Surg 2014; 134: 69s-82s.

[34] Yuan Y, Sun Z, Chen Y, Zheng Y, Xie KL, He Y, 
Wang Z, Wang GL and Yu YH. Prevention of 
remifentanil induced postoperative hyperalge-
sia by dexmedetomidine via regulating the traf-
ficking and function of spinal NMDA receptors 
as well as PKC and CaMKII level in vivo and in 
vitro. PLoS One 2017; 12: e0171348.

[35] Angst MS, Ramaswamy B, Davies MF and 
Maze M. Comparative analgesic and mental 
effects of increasing plasma concentrations of 
dexmedetomidine and alfentanil in humans. 
Anesthesiology 2004; 101: 744-52.

[36] Kauppila T, Kemppainen P, Tanila H and Per- 
tovaara A. Effect of systemic medetomidine, 
an alpha 2 adrenoceptor agonist, on experi-
mental pain in humans. Anesthesiology 1991; 
74: 3-8.

[37] Figueroa XF, Poblete MI, Boric MP, Mendizabal 
VE, Adler-Graschinsky E and Huidobro-Toro JP. 
Clonidine-induced nitric oxide-dependent va-
sorelaxation mediated by endothelial alpha(2)-
adrenoceptor activation. Br J Pharmacol 2001; 
134: 957-68.

[38] Lin YY, He B, Chen J and Wang ZN. Can dexme-
detomidine be a safe and efficacious sedative 
agent in post-cardiac surgery patients? a me-
ta-analysis. Crit Care 2012; 16: R169.

[39] Li A, Yuen VM, Goulay-Dufay S and Kwok PC. 
Pharmacokinetics and pharmacodynamics of 
dexmedetomidine. Drug Dev Ind Pharm 2016; 
42: 1917-1927.

[40] Dyck JB, Maze M, Haack C, Vuorilehto L and 
Shafer SL. The pharmacokinetics and hemody-
namic effects of intravenous and intramuscu-
lar dexmedetomidine hydrochloride in adult 
human volunteers. Anesthesiology 1993; 78: 
813-20.

[41] Iirola T, Ihmsen H, Laitio R, Kentala E, Aantaa 
R, Kurvinen JP, Scheinin M, Schwilden H, 
Schuttler J and Olkkola KT. Population pharma-
cokinetics of dexmedetomidine during long-
term sedation in intensive care patients. Br J 
Anaesth 2012; 108: 460-8.

[42] Bao Z, Zhou C, Wang X and Zhu Y. Intravenous 
dexmedetomidine during spinal anaesthes- 
ia for caesarean section: a meta-analysis of 
randomized trials. J Int Med Res 2017; 
0300060517708945.

[43] Chalikonda SA. Alpha2-adrenergic agonists 
and their role in the prevention of periopera-
tive adverse cardiac events. AANA J 2009; 77: 
103-8.

[44] Ko KH, Jun IJ and Lee S. Effective dose of dex-
medetomidine to induce adequate sedation in 
elderly patients under spinal anesthesia. 
Korean J Anesthesiol 2015; 68: 575-80.

[45] Park SH, Shin YD, Yu HJ, Bae JH and Yim KH. 
Comparison of two dosing schedules of intra-
venous dexmedetomidine in elderly patients 
during spinal anesthesia. Korean J Anesthesiol 
2014; 66: 371-6.

[46] Jin S, Liang DD, Chen C, Zhang M and Wang J. 
Dexmedetomidine prevent postoperative nau-
sea and vomiting on patients during general 
anesthesia: a PRISMA-compliant meta analy-
sis of randomized controlled trials. Medicine 
(Baltimore) 2017; 96: e5770.

[47] Liu ZX, Xu FY, Liang X, Zhou M, Wu L, Wu JR, Xia 
JH and Zou Z. Efficacy of dexmedetomidine on 
postoperative shivering: a meta-analysis of 
clinical trials. Can J Anaesth 2015; 62: 816-
29.

[48] Rosa G, Pinto G, Orsi P, de Blasi RA, Conti G, 
Sanita R, La Rosa I and Gasparetto A. Control 
of post anaesthetic shivering with nefopam hy-
drochloride in mildly hypothermic patients af-
ter neurosurgery. Acta Anaesthesiol Scand 
1995; 39: 90-5.



The comparison of dexmedetomidine and remifentanil on postoperative pain

1178 Int J Clin Exp Med 2019;12(1):1165-1178

Appendix

Search strategy

#1 dexmedetomidine
#2 MPV-1440
#3 MPV 1440
#4 MPV1440
#5 Precedex
#6 Hospira Brand of Dexmedetomidine Hydrochloride
#7 Dexmedetomidine Hydrochloride
#8 Hydrochloride, Dexmedetomidine
#9 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8
#10 remifentanil [Supplementary Concept]
#11 3-(4-methoxycarbonyl-4-((1-oxopropyl)phenylamino)-1-piperidine)propanoic acid methyl ester
#12 remifentanil monohydrochloride
#13 GI 87084B
#14 GI87084B
#15 GI-87084B
#16 remifentanil hydrochloride
#17 Ultiva
#18 #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16
#19 random*[tw]
#20 #9 AND #18 AND #19


