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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, |12 = 0%), postoperative pain score
(mean difference (MD): -1.60, 95% Cl: -2.24, -0.96, P < 0.00001, 17 = 62%), and incidence of postoperative vomit-
ing (OR: 0.42, 95% CI: 0.21, 0.85, P = 0.02, 12 = 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 (Cl): 0.24, 2.17, P = 0.56, 1> = 72%), incidence of intraoperative and post-
operative bradycardia (OR: 1.06, 95% Cl: 0.48, 2.34, P = 0.89, |12 = 63%), or incidence of postoperative shivering
(OR: 0.61, 95% Cl: 0.29, 1.30, P = 0.20, I? = 24%). Conclusions: Intraoperative infusion of dexmedetomidine can
alleviate postoperative pain in patients undergoing general anesthesia compared to remifentanil.
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Introduction utilizes intraoperative infusions of remifentanil

ranging from 0.1 ug/kg/to 0.5 pug/kg/min. Alth-

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

ough up to 2 yg/kg/min remifentanil has be-
en recommended, in clinical practice, doses ab-
ove 0.2 ug/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 a2-ad-
renoreceptor agonist with an a2:al 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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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.

Records excluded

Methods

This meta-analysis was con-
ducted according to the Coch-

Full-text articles excluded,

—

Figure 1. Flow diagram of study search and selection.

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 pg/kg dexmedetomidine in 10 min
followed by a maintenance infusion of 0.6 pg/
kg/h, titrated to the desired clinical effect with
doses ranging from 0.2 to 1 ug/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-
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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
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
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Table 1. Dosage of dexmedetomidine and remifentanil

Reference Dexmedetomidine* Remifentanil**

Chaves 2003 [25] 1 ug/kg + 0.7 ug/kg/h 1 ug/kg + 0.5 ug/kg/h

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

Jung 2011 [27] 1 ug/kg + 0.2-0.7 pyg/kg/h  0.8-1.2 pg/kg + 0.05-0.1 ug/kg/min
Karabayirli 2017 [24] 1 pg/kg + 0.7 pg/kg/h 1 pg/kg + 0.25-0.5 pg/kg/min

Kim 2015 [23] 0.5 pg/kg + 0.5 pg/kg/h Remifentanil TCl to achieve a HR and MBP with 20% of the preoperative baseline values.
Lee 2017 [17] 0.3-0.4 pg/kg + 0.2-1 pg/kg/h  1-5 pg/kg/h

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

Polat 2015 [26] 0.4 ug/kg/h 0.05 pg/kg/min

Rajan 2015 [18]
Richa 2008 [28]

0.5-1 pg/kg + 0.2-0.7 pg/kg/h  0.08-0.15 pg/kg/min

1 ug/kg + 0.4-0.8 pg/kg/h 1 pg/kg + 0.2-0.4 pg/kg/min
Salman 2009 [19] 1 ug/kg + 0.2 pug/kg/h 1 ug/kg + 0.2 pug/kg/min
Turgut 2009 [21] 1 ug/kg + 0.2-1 pg/kg/h 1 pg/kg + 0.05-1 pug/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; TC, targeted controlled infusion.

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-
Ived 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]; O [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-
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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 (Cls)
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 I? > 50%.
Studies with substantial heterogeneity (> >
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.
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Table 2. Characteristics of included studies

Dexmedetomidine Remifentanil

Reference

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 / 25 454 + 4.2 /
Karabayirli 2017 [24] 24 37 (27-46) 11/13 24 36 (28-46) 13/11
Kim 2015 [23] 21 39.2+125 14/7 18 36.2+15.1 9/9
Lee 2017 [17] 38 75.4+6.4 4/34 37 771+74 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 34.269.6 5/7 12 36.669.9 6/6
Salman 2009 [19] 30 3417 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
Inhaled anesthetics”

Sedatives*

2.5 mg/kg propofol”
1-2 mg/kg propofol*
3-12 mg/kg/h propofol
2 mg/kg propofol”

Muscle relaxant™ Other analgesics’

0.2 mg/kg cisatracurium”

Reference
Chaves 2003 [25]
Hwang 2015 [22]

2% sevoflurane

1 mg/kg rocuronium”

Jung 2011 [27] 21/min O, 3L/min N,O, 0.6 mg/kg rocuronium®
6-7% desflurane

Karabayirli 2017 [24] 2% sevoflurane in 50% O,, 0.6 mg/kg rocuronium” 2.5 mg/kg propofol” 1 pg/kg fentanyl (when BIS
and 50% N,0 > 60)

Kim 2015 [23] 1 pg/kg fentanyl®
Lee 2017 [17]

Murari Sudré 2004 [29] 0.5-1% sevoflurane

0.6 mg/kg rocuronium”® Using a propofol TCI*
0.3 mg/kg propofol”
2 mg/kg propofol”

1 mg/kg succinylcholine” 150 pg fentanyl”

0.15 mg/kg/h rocuronium
Desflurane in 50% 0,/N,0 0.6-0.8 mg/kg rocuronium”  1.5-2 mg/kg propofol”
1-3 mg/kg propofol*

1 ug/kg fentanyl”

1-3 pg/kg fentanyl”
50 pg fentanyl during clousure

Polat 2015 [26]

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

maintained during surgery
1-1.5 MAC isoflurane in
50% 0,/N,0
6% desflurane in 50% 0,, 0.1 mg/kg vecuronium”
and 50% N,0

0.15 mg/kg cisatracurium® 2.5 mg/kg propofol* 15 mg/kg paracetamol during
2 pg/kg/min Cisatracurium clousure

Richa 2008 [28]

Salman 2009 [19] 2 mg/kg propofol”

Turgut 2009 [21] 0.2 mg/kg cisatracurium” 1-2.5 propofol* 1 mg/kg Tramadol during
Maintained during surgeries maintained during surgeries clousure

(150 pg/kg/min)
“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.

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
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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

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



The comparison of dexmedetomidine and remifentanil on postoperative pain

random sequence generation (selection bias) _:I

treated with intraoperative re-

Allecation concealment (selection bias)

| mifentanil; all were classified

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

as American Society of Anes-
thesiologists I-Ill. Dexmedeto-
midine was administered with
a loading dose ranging from

Selective reporting (reporting bias) |

. 0.3 pg/kg to 1 pg/kg and a

Other bias

maintenance dose ranging fr-

.Low risk of bias D Unclear risk of bias

Figure 2. Methodological quality of included studies: Each domain is pre-

sented as a percentage across the included studies.
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Figure 3. Methodological quality of included studies:
“+” low risk of bias; “?” unclear risk of bias; “-” high
risk of bias.

RCTs are shown in Table 3. The 12 included
RCTs incorporated 353 patients treated with
intraoperative dexmedetomidine and 358

1170

0%  25%  50%  75%  100%
[l High risk of bias

om 0.2 ug/kg/hrto 1 ug/kg/h.
Remifentanil was administered
with a loading dose of 1 ug/kg
and a maintenance dose rang-
ing from 0.01 pg/kg/min to 1
pg/kg/min. Protocols for anes-
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, 1> = 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

Int J Clin Exp Med 2019;12(1):1165-1178
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Dexmedetomidine Remifentanil Odds Ratio Odds Ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 total
Chaves TP 2003 7 21 12 21 26.3% 0.38 [0.11, 1.31) s e
Hwang W 2015 12 19 16 18 19.9% 0.21[0.04, 1.22) ——
Karabayiri S 2017 3 23 5 24 14.0% 0.57 [0.12, 2.72) e s
Polat R 2015 0 30 4 30 14.5% 0.10 [0.00, 1.88]
Salman N 2009 9 30 1" 30 253% 0.74 [0.25, 2.17) —_——
Subtotal (95% CI) 123 123 100.0% 0.42 [0.22, 0.80) i
Total events 3 48
Heterogeneity: Chi¥ = 2.75, df = 4 (P = 0.60); I = 0%
Test for overall effect: Z = 2.67 (P = 0.008)
1.1.2 balanced anesthesia
Chaves TP 2003 7 21 12 21 328% 0.38 [0.11, 1.31) —_—
Karabayidi S 2017 3 23 5 24 17.5% 0.57 [0.12, 2.72) -_—
Polat R 2015 0 30 4 30 182%  0.10[0.00, 1.88) -
Salman N 2009 9 30 1 30 31.6% 0.74 [0.25, 2.17) —_—
Subtotal (95% CI) 104 105 100.0% 0.47 [0.24, 0.94) B o
Total events 19 32
Heterogeneity: Chi? = 1.95, df = 3 (P = 0.58); I = 0%
Test for overall effect: Z = 2.14 (P = 0.03)

0.01 0.1 1 10 100

Test for subgroup differences: Chi* = 0.06,df =1 (P=0.81); P = 0%

Favours [dexmedetomidine] Favours [remifentanil)

Figure 4. Postoperative pain: Requirement for rescue analgesics.

D d ridine R il Mean Difference Mean Difference

Study or subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

1.2.1 total

Kim H 2015 2 2 18 3 2 21 257% -1.00[-2.28,0.26) ——r

Rajan S 2015 29 26 68 51 24 71 588% -2.20[-3.03,-1.37] -

Salman N 2009 28 35 30 31 29 30 154% -0.30(-1.93,1.33) —

Subtotal (95% CI) 16 122 100.0% -1.60 [-2.24, -0.96) >

Heterogeneity: Chi® = 5,32, ¢f = 2 (P = 0.07); F = 62%

Test for overall effect: Z = 4,90 (P < 0.00001)

1.2.2 balanced anesthesia

Rajan S 2015 29 26 68 51 24 71 792% -2.20(-3.03,-1.37) -

Salman N 2009 28 35 30 31 29 30 208% -0.30(-1.93, 1.33) —

Subtotal (95% CI) 08 101 100.0% -1.81 [-2.55, -1.06] <

Heterogeneity: Chi* = 4,15, df = 1 (P = 0.04); F = 76%

Test for overall eflect: Z = 4.77 (P < 0.00001)

Test for subgroup differences: Chi? = 0.17, df = 1 (P = 0.68); F = 0%

Figure 5. Postoperative pain: Overall VAS score.

(MD: -1.60, 95% Cl: -2.24, 0.96, P < 0.00001, I?
= 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,

1171

-10 -5 0 5 10
Favours [dexmedetomidine] Favours [remifentanil)

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% ClI:
0.24,2.17, P = 0.56, |12 = 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-
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= Al Rl il Odds Ratio Odds Ratio
Study or subgroup Events Total Events  Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
2.1.1 total
Jung HS 2011 2 25 0 25 62% 543[0.25, 118.96)
Lee JM 2017 2 a8 0 37 65% 5.14 [0.24, 110.70)
Richa F 2008 1 12 7 12 874%  006[0.01,217) =]
Saiman N 2009 0 30 0 0 Not estimable
Subtotal (95% CI) 123 123 100.0%  0.72[0.24, 2.17] o
Total events k3] 48
Heterogeneity: Chi* = 7,25, df = 2 (P = 0.,03), F = 72%
Tes! for overall effect: Z = 0.58 (P = 0.56)
2.1.2 balanced anesthesia
Jung HS 2011 2 25 0 25  6.6% 543[0.25, 118.96)
Richa F 2008 1 12 7 12 934%  0.08(0.01,217) L ]
Subtotal (95% CI) 37 37 100.0%  0.42[0.11, 1.55] ——
Total events 3 7
Heterogeneity: Chi* = 5,07, df = 1 (P = 0.02); F = 80%
Test for overall effect: Z = 1.31 (P=0.19)
0.01 0.1 10 100
Test for subgroup differences: Chi* = 0.39, df = 1 (P = 0.53); F = 0% Favours [dexr ]  Favours [remif ]
Figure 6. Incidence of postoperative and intraoperative hypotension.
Dexmedetomidine Remifentanil Odds Ratio Odds Ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1 total
Jung HS 2011 3 25 1 25 T7.4% 3.27(0.32,33.84)
Lee JM 2017 0 38 0 37 Not estimable
Richa F 2008 8 32 14 34 858% 048[0.17, 1.36) B BN
Salman N 2009 0 30 0 30 Not estimable
Turgut N 2009 5 25 1 25 6.7% 6.00[0.65, 55.66)
Subtotal (95% CI) 150 151 100.0%  1.06 [0.48, 2.34) B
Total events 16 16
Heterogeneity: Chi¥ = 5.44, df = 2 (P = 0.07), F = 83%
Test for overall effect: Z = 0.13 (P = 0.89)
3.1.2 balanced anesthesia
Jung HS 2011 3 25 1 25 80% 327[0.32, 33.84)
Richa F 2008 8 32 14 34 920% 0.48[0.17,1.36) ——
Salman N 2009 0 30 0 30 Not estimable
Subtotal (95% CI) 87 89 100.0%  0.70 [0.28, 1.74] iR
Total events 11 15
Heterogeneity: Chi =2.19, df = 1 (P = 0.14);, F = 54%
Test for overall effect: Z = 0.77 (P = 0.44)
0.01 0.1 1 10 100

Test for subgroup differences: Chi? = 0.45,df =1 (P = 0.50); I’ = 0%

Favours [dexmedetomidine] Favours [remifentanil)

Figure 7. Incidence of postoperative and intraoperative bradycardia.

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%
Cl: 0.48, 2.34, P = 0.89, |2 = 63%,; Figure 7).

Incidence of postoperative vomiting: Incidence
of postoperative vomiting is described in six
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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%
Cl: 0.21, 0.85, P = 0.02, I> = 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
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Dexmedetomidine Remife il Odds Ratio Odds Ratio
Study or subgroup ___Events __ Total Events _Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% C
4.1.1 total
Jung HS 2011 2 25 1] 25 1.8% 5.43 [0.25, 118.96]
Karabayiri S 2017 1 23 1 24 37% 1.05(0.06,17.76]
Murari Sudré EC 2004 5 44 8 a4 279% 058[0.17,1.93] —
Rajan S 2015 2 68 6 71 224% 0.33(0.06, 1.69] _
Salman N 2009 0 30 8 30 329% 0.04[0.00,0.79] -
Turgut N 2009 1 25 3 25 11.3% 0.31[0.03, 3.16]
Subtotal (95% CI) 215 219 100.0%  0.42 [0.21, 0.85) e
Total events 1" 26
Heterogeneity: Chi® = 5.81, df = 5 (P = 0.32); F = 14%
Test for overall effect: Z = 2.42 (P = 0.02)
4.1.2 balanced anesthesia
Jung HS 2011 2 25 0 25 2.0% 543[0.25 118.96]
Karabayirii § 2017 1 23 1 24 42% 1.05(0.08,17.76]
Murari Sudré EC 2004 5 44 8 44 31.5% 0.58(0.17, 1.93] —_—
Rajan S 2015 2 68 6 71 253% 0.33(0.06, 1.69] —_—
Salman N 2009 0 30 8 30 37.1% 0.04[0.00,0.79] =
Subtotal (95% CI) 215 219 100.0%  0.43 [0.21, 0.91) Ry
Total events 10 23
Heterogeneity: Chi* = 5.69, df = 4 (P = 0.22); I = 30%
Test for overall effect: Z = 2.22 (P = 0.03)

0.01 0.1 1 10 100

Test for subgroup differences: Chi* = 0.00, df = 1 (P = 0.95); F = 0%

Figure 8. Incidence of postoperative vomiting.

Dexmedetomidine Remifentanil
Study or subgroup Events

Odds Ratio
Total Events Total Weight M-H, Fixed, 95% CI

Favours [dexmedetomidine] Favours [remifentanil]

Odds Ratio
M-H, Fixed, 95% CI|

5.1.1 total
Jung HS 2011 3 25 0 25 25% 7.93(0.39,162.07]
Karabayiri S 2017 1 23 1 24 54% 1.05[0.06,17.76]
Rajan S 2015 3 68 7 71 37.9% 0.42[0.10,1.70) Som
Turgut N 2009 7 25 13 25 542% 0.36[0.11, 1.16] SE—
Subtotal (95% CI) 141 145 100.0%  0.61 [0.29, 1.30) -
Total events 14 21
Heterogeneity: Ch? = 3.97, df = 3 (P = 0.27); F = 24%
Test for overall effect: Z = 1.28 (P = 0.20)
5.1.2 balanced anesthesia
Jung HS 2011 3 25 0 25 55% 7.93[0.39, 162.07]
Karabayii S 2017 1 23 1 24 11.8% 1.05(0.06,17.76)
Rajan S 2015 3 68 7 71 827% 0.42[0.10, 1.70) ———
Subtotal (95% Cl) 116 120 100.0%  0.91 [0.33, 2.49) By
Total events T 8
Heterogeneity: Chi* = 3.15, df = 2 (P = 0.21); I = 36%
Test for overall effect: Z=1.19 (P = 0.85)
0.01 0.1 1 10 100

Test for subgroup differences: Chi¥ = 0,38, df = 1 (P =0.54); I’ = 0%

Figure 9. Incidence of postoperative shivering.

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, I? = 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-
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Favours [dexmedetomidine] Favours [remifentanil]

perative dexmedetomidine administration de-
creased the requirement for rescue analgesics
(OR: 0.47, 95% Cl: 0.24, 0.94, P = 0.03, I? =
0%), postoperative VAS score (MD: -1.81, 95%
Cl:-2.55,-1.06, P <0.00001, I>= 76%), and inci-
dence of postoperative vomiting (OR: 0.43 95%
Cl: 0.21, 0.91, P = 0.03, I> = 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% Cl: 0.11, 1.55, P = 0.19, I
= 80%), incidence of intraoperative and postop-
erative bradycardia (OR: 0.70, 95% CI: 0.28,
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1.74, P =0.44, 1> =54%), or incidence of postop-
erative shivering (OR: 0.91, 95% CI: 0.33, 2.49,
P = 0.85, I> = 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 a2 adrenergic recep-
torsinthe 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
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studies, the maintenance dose of remifentanil
was less than 0.1 ug/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 a2-receptors in vascular smooth
muscle, reducing heart rate and causing reflex-
ive vasoconstriction and hypertension [16]. At
lower concentrations, dexmedetomidine stimu-
lates a2-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-
atreceived 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 a2-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-
Ofentanil. 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 a2B-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-
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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.
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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
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