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Abstract: This meta-analysis aimed to evaluate effect of perioperative dexmedetomidine on inflammatory response
and oxidative stress after surgery. A literature search on databases such as PubMed, Embase, Springer, Science
direct and Google Scholar was conducted up to September 2017. The pooled standard mean difference (SMD) and
the corresponding 95% confidence intervals (Cls) were calculated using the Revman 5.3. Total 13 studies were
included in this meta-analysis. The patients undergoing general anesthesia with dexmedetomidine had lower levels
of IL-6 than patients undergoing placebo/normal saline at the end of surgery, but showed similar levels of IL-6 with
patients in control groups at 6 h after surgery. Dexmedetomidine anesthesia was associated with the significantly
decreased levels of TNF-a at end of surgery and 24 h post-operation and CRP (C-reactive protein) at 24 h post-
operation, but not WBC (white blood cell) at 24 h and 72 h post-operation. Meanwhile, the levels of superoxide dis-
mutase (SOD) and malondialdehyde (MDA) at 30 min post-One-lung Ventilation (OLV) were similar between patients
undergoing dexmedetomidine anesthesia and normal saline/placebo. The perioperative dexmedetomidine signifi-
cantly improved the inflammatory response after surgery. However, more studies should be performed to further

investigate the effect of perioperative dexmedetomidine on oxidative stress after surgery.

Keywords: Dexmedetomidine, anesthesia, inflammation, oxidative stress, meta-analysis

Introduction

Generally, a systemic inflammatory response to
surgery may lead to many postoperative com-
plications including postoperative pains [1, 2],
recurrence and metastasis of tumor [3, 4], and
increased mortality [5, 6]. Hence, it is essential
to inhibit the perioperative inflammatory res-
ponses for improving the prognosis of patients
after surgery.

Dexmedetomidine, which is a selective o 2 adr-
enoreceptor agonist with the anti-inflammatory
effect, has been popularly used as a safe ad-
junct in many clinical applications, such as
sedation in the ICU (adult and pediatric), neuro-
surgery, awake fiber-optic intubation and gen-
eral anesthesia during surgeries [7-9]. Many
animal and human studies have proved the
effect of dexmedetomidine on post-operative

inflammatory factors, such as interleukins (IL)
and tumor necrosis factor (TNF)-a [10-14]. An
previous meta-analysis showed that dexme-
detomidine could significantly improve the in-
flammatory response after surgery based on
the factors such as IL-6, IL-8 and TNF-a [15].
Huang et al. performed a meta-analysis for the
effect of dexmedetomidine on improve arterial
oxygenation and intrapulmonary shunt during
One-lung Ventilation (OLV) after thoracic sur-
gery, and also showed the significantly decrea-
sed levels of IL-6, and TNF-« after surgery com-
pared with placebo [16]. Meanwhile, Huang et
al. also investigated the effect of dexmedeto-
midine on improve oxidative stress based on
indexes superoxide dismutase (SOD) and malo-
ndialdehyde (MDA), and showed a negative re-
sult [16]. However, some animal studies have
proved the improvement of SOD and MDA lev-
els by dexmedetomidine in ischemia-reperfu-
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Search in PubMed (33), Embase (26), Springer (273),
Science direct (257) and Google Scholar (161)
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11 reviews;

12 not about inflammatory or
oxidative stress response;

17 the control is not the placebo
or normal saline;

15 animal studies.

Articles excluded(n=18):

5 no available data;

6 non-randomized control trials;
3 the control is not the placebo
or normal saline;

Inclusion and exclusion cri-
teria

The inclusion criteria were as
follows: (1) the study type was
randomized control trial; (2)
subjects were adults aged >
18 years; (3) subjects under-
went general anesthesia with
dexmedetomidine in DEX gro-
up or normal saline/placebo
in control group; and (4) some
inflammatory factors or oxida-
tive stress indexes after sur-
gery were investigated (such
as IL-6, TNF-a, MDA and SOD).

The exclusion criteria were
(1) duplicated publications,
(2) reviews, letters, or com-
ments, (3) animal studies, or
(4) no available data. Only
articles with full-text access
were included.

Articles included for Meta-analysis (n=13)

sion injury [17, 18] which is a common clinical
problem in many surgeries. Currently, many ran-
domized control studies have been performed
to further prove the effect of perioperative dex-
medetomidine on inflammatory response and
oxidative stress after surgery. Moreover, the
controversies still exist among studies. So we
performed this meta-analysis to further evalu-
ate those effects of dexmedetomidine.

Materials and methods

The methods used for this meta-analysis and
generation of inclusion criteria were based on
PRISMA recommendations.

Literature search strategy

Databases such as PubMed, Embase, Springer,
Science direct and Google Scholar were used
for the literature search up to September 2017,
using the following keywords: “dexmedetomi-
dine” AND “randomized” AND (inflammatory OR
proinflammatory OR oxidative stress OR TNF-«
OR IL-6 OR MDA OR SOD). In addition, the refer-
ences of relevant reviews were searched for
additional studies. Only the studies in English
were searched and included in this study.
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4 participants are children.

Data extraction and quality
assessment

The following data were recorded in a prede-
signed form: first author name, country, publi-
cation year, sample size, age, sex, surgery, and
outcome. Data extraction was independently
performed by two investigators. Differences
were resolved by discussion to ensure consis-
tent evaluation.

The modified Jadad scale [19] with total scores
of 7 was used to assess the quality of includ-
ed studies. Parameters judging the quality in-
cluded randomization, allocation concealment,
double blind and withdrawals and dropouts.
High quality study was regarded as the study
with scores of 4-7. Otherwise, low quality was
defined.

Statistical analysis

The Revman 5.3 software was used for this
meta-analysis. The I? and Cochran Q tests were
used to assess heterogeneity among the in-
cluded studies, with P values of < 0.1 or /? val-
ues of > 50% being considered as significant.
An appropriate statistical model (fixed- or ran-
dom-effects model) was used to pool the stan-
dard mean difference (SMD) and correspond-
ing 95% confidence intervals (Cls) based on the
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Table 1. Characteristics of included studies

Author Year Country Surgery Group Anesthetic Sample Age Sex Inflammatory indexes Jadad
drugs size (M/F) Score

M. Ueki 2014 Japan  Cardiac surgery with cardiopulmonary bypass DEX Dexmedetomidine 18 70.5+9.5 8/10 WBC, CRP 5
Control Normal saline 19 69.0 + 11.7 8/11

Shengiang Gao 2015 China One-lung ventilation DEX Dexmedetomidine 25 40-65 NA TNF-a, MDA, SOD 3
Control Normal saline 25

Alex Bekker 2013 USA Multilevel spinal fusion DEX Dexmedetomidine 26 55.3+12.3 21/5 CRP, TNF-q, IL-1, IL-6, IL-8, IL-10, IL-2, IL-12 5
Control Placebo-saline 28 57.0+11.1 15/13

Rui Xia 2015 China One-Lung Ventilation DEX Dexmedetomidine 25 55+ 12 17/8 MDA, SOD, NO 5
Control Normal saline 24 56+ 11 16/8

W. DONG 2017 China Radical resection of gastric cancer DEX Dexmedetomidine 37 36.3+74 23/14 16, Il-1q, IL-1B, TNF-a, CRP 3
Control Normal saline 37 38.7+76 20/17

Yulan Wang 2014 China Radical gastrectomy DEX Dexmedetomidine 20 56.7 +9.0 17/3  TNF-a, IL-6, IL-1B 4
Control Normal saline 20 572 +8.3 14/6

Hongmei Zhou 2017 China Multilevel spinal fusion DEX Dexmedetomidine 20 51.6 £ 9.0 9/11 WBC, CRP 4
Control Normal saline 20 51.1+12.9 10/10

Ahmed G. Yacout 2012 Egypt Elective major abdominal surgery DEX Dexmedetomidine 15 49.60 + 6.56 8/7 IL-6 5
Control Placebo 15 47.07 + 6.52 9/6

Xiahong Luo 2016  China  Craniotomy resection DEX  Dexmedetomidine 30 47.2 + 10.9 14/16 TNF-a, IL-6, SOD, MAD 3
Control Normal saline 30 46.8+ 114  17/13

Yun Li 2016 China  Elective open gastrectomy DEX Dexmedetomidine 30 56.5+ 5.2 22/8 TNF-a, IL-6, IL-10 4
Control Normal saline 30 54.0+6.9 21/9

Lili Xu 2014 China Non-cardiac surgery DEX Dexmedetomidine 40 60.1+5.1 19/21 TNF-q, IL-6 5
Control Normal saline 40 58.6 + 6.2 18/22

So Hui Yun 2015 Korea  NA DEX Dexmedetomidine 15 725+6.4 NA IL-6 3
Control Normal saline 15 73.9+3.8

X.-H. YANG 2017 China Radical mastectomy DEX Dexmedetomidine 62 50.32+12.24 0/62 IL-6, IL-2, IL-4, IL-10, TNF-y 4
Control Normal saline 62 4962 +11.41 0/62
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A IL-6 at end of surgery

DEX Control

—Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% Cl 1V,

Std. Mean Difference
95% ClI

Lili Xu 2014 98.41 5.25 40 158.95 4.36 40 22.5% -12.42[-14.45,-10.40] l

Xiahong Luo 2016 211.5 426 30 37838 67.4 30 25.7% -2.93 [-3.67, -2.19] -
Yulan Wang 2014 102.7 54 20 1461 784 20 25.8% -0.63 [-1.27, 0.00]

Yun Li 2016 347 841 30 451 638 30 25.9% -1.37 [-1.94, -0.81] -
Total (95% CI) 120 120 100.0% -4.07 [-6.62, -1.52] -

Heterogeneity: Tau? = 6.43; Chi* = 129.93, df = 3 (P < 0.00001); I* = 98%

Test for overall effect: Z = 3.13 (P = 0.002)

B IL-6 at 6 h post-operation

Std. Mean Difference

IV, Random, 95% Cl

40 5 0 5 10
Favours [DEX] Favours [control]

Std. Mean Difference
IV, Random, 95% CI

DEX Control
_Study or Subgroup Mean SD Total Mean SD Total Weight
So Hui Yun 2015 474 11.8 15 525 235 15  48.6%
X.-H. YANG 2017 51.5 9.1 62 69.9 89 62 514%
Total (95% CI) 77 77 100.0%

Heterogeneity: Tau? = 1.47; Chi* = 16.91, df = 1 (P < 0.0001); I = 94%

Test for overall effect: Z = 1.33 (P = 0.18)

C IL-6 at 24 h post-operation

DEX Control
udy o ubgroup ean ota ea ofa eigh
Ahmed G. Yacout 2012 9.73 1.69 15 62.29 19.52 15 13.8%
Lili Xu 2014 45.3 4.82 40 66.43 345 40 14.2%
So Hui Yun 2015 78.5 17.1 15 841 322 15 14.4%
W. DONG 2017 83.71 313 37 87.21 264 37 145%
X.-H. YANG 2017 416.7 71.3 62 2721 60.2 62 14.5%
Xiahong Luo 2016 1539 326 30 2904 383 30 14.2%
Yulan Wang 2014 161.3 875 20 2184 836 20 144%
Total (95% CI) 219 219 100.0%

Heterogeneity: Tau® = 6.15; Chi* = 321.65, df = 6 (P < 0.00001); I* = 98%

Test for overall effect: Z = 1.83 (P = 0.07)

Figure 2. Forest plots for the pooled estimate of IL.-6 at end

operation (C).

results of the heterogeneity test. For all of
these analyses, P values of < 0.05 indicated
statistical significance. Sensitivity analyses
were performed by omitting one study at a time.
Publication bias was assessed by Begg’s test
using Stata 11.0 software.

Results
Characteristics of the included studies

The initial literature search was performed on
PubMed, Embase, Springer, Science direct and
Google Scholar databases. After excluding du-
plicates and irrelevant studies, 86 potentially
relevant articles remained. Of these, 55 arti-
cles were excluded by scanning the abstracts,
whereas 18 articles were excluded by reading
the complete text based on the inclusion and
exclusion criteria. Finally, 13 studies [20-32]
were included in this meta-analysis (Figure 1).

Total 13 studies involving 345 patients under-
going general anesthesia with dexmedetomi-
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-0.27 [-0.99, 0.45)
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of surgery (A), 6 h post-operation (B) and 24 h post-

dine and 345 undergoing normal saline/place-
bo were reanalyzed in this meta-analysis. The
publication year ranged from 2012 to 2017.
The surgery was different among these includ-
ed studies. Nine studies were conducted in
China and the rest four studies were conduct-
ed in Japan, USA, Egypt and Korea, respective-
ly. There were nine high quality studies and
four low quality studies (Table 1).

Meta-analysis regarding inflammatory factors

A total of seven included studies [21, 24, 26,
28-31] reported the IL-6 levels at 24 h after
surgery. Among the studies, significant hetero-
geneity (12 = 98%; P < 0.00001) was observed;
thus, the random-effects model was used for
pooling data. Meanwhile, there were also no
less than two studies showing the IL-6 levels at
the end of surgery (I? = 98%; P < 0.00001) and
6 h after surgery (1> = 94%; P < 0.00001). Simi-
larly, significant heterogeneity existed among
included studies and random-effects model
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A TNF-a at end of surgery

DEX Control Std. Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl

Std. Mean Difference
v

Lili Xu 2014 1.36 0.16 40 165 0.21 40 26.0% -1.54[-2.04, -1.04]
Xiahong Luo 2016 21.7 5.2 30 398 45 30 23.3% -3.67 [-4.52, -2.83]
Yulan Wang 2014 198 95 20 26.8 117 20 25.0% -0.64 [-1.28, -0.01]
Yun Li 2016 38.6 10.2 30 523 135 30 25.7% -1.13 [-1.68, -0.58]
Total (95% CI) 120 120 100.0% -1.71 [-2.74, -0.67]

Heterogeneity: Tau® = 1.00; Chi* = 33.96, df = 3 (P < 0.00001); I = 91%
Test for overall effect: Z = 3.24 (P = 0.001)

B TNF-a at 24 h post-operation

0 5 0 5 10
Favours [DEX] Favours [control]

DEX Control Std. Mean Difference Std. Mean Difference
—Study or Subgroup _Mean _SD_Total Mean SD Total Weight IV, Random, 95% Cl IV 95% Cl
Lili Xu 2014 087 041 40 098 025 40 258%  -0.32[-0.76,0.12)
W. DONG 2017 3264 378 37 3911 269 37 263%  -1.95[-251,-1.39] -
Xiahong Luo 2016 195 27 30 284 32 30 241%  297[-3.71,-222) -
Yulan Wang 2014 254 132 20 349 144 20 248%  -0.67[-1.31,-0.04]
Total (95% CI) 127 127 100.0%  -1.46[-2.60,-0.32] >
Heterogeneity: Tau? = 1.26; Chi* = 46.30, df = 3 (P < 0.00001); I2 = 94% 0 g 5 : o

Test for overall effect: Z =2.50 (P = 0.01)

C WBC at 24 h post-operation

Favours [DEX] Favours [control]

DEX Control Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI| 1V, Fix % CI
Hongmei Zhou 2017 97 44 20 129 48 20 504% -0.68 [-1.32, -0.04] L
M. Ueki 2014 12,13 3.05 18 12.45 3.51 19 49.6% -0.10 [-0.74, 0.55]
Total (95% CI) 38 39 100.0% -0.39 [-0.84, 0.06]

Heterogeneity: Chi? = 1.60, df =1 (P =0.21); P =37%
Test for overall effect: Z = 1.69 (P = 0.09)

D WBC at 72 h post-operation

4 05 0 05 1
Favours [DEX] Favours [control]

DEX Control Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI ') V.
Hongmei Zhou 2017 85 35 20 118 43 20 49.9% -0.83 [-1.47,-0.18] L
M. Ueki 2014 1265 3.16 18 12.14 4.31 19 50.1% 0.13[-0.51, 0.78]
Total (95% Cl) 38 39 100.0% -0.35 [-1.28, 0.59]

Heterogeneity: Tau? = 0.35; Chi? = 4.20, df = 1 (P = 0.04); I = 76%
Test for overall effect: Z = 0.72 (P = 0.47)

E CPR at 24 h post-operation

DEX Control

dy o Jbaroup ean 3 Mean a ei Random /a
Alex Bekker 2013 85.615 12.604 26 102.464 17.027 28 33.7% -1.10 [-1.68, -0.53]
M. Ueki 2014 525 2.06 18 5.89 22 19 33.1% -0.29 [-0.94, 0.35]
W. DONG 2017 2062  3.56 37 3127 424 37 33.2% -2.69 [-3.33, -2.05]
Total (95% CI) 81 84 100.0% -1.36 [-2.70, -0.02]

Heterogeneity: Tau? = 1.30; Chi? = 27.93, df = 2 (P < 0.00001); 12 = 93%
Test for overall effect: Z = 2.00 (P = 0.05)

Std. Mean Difference

4 2 0 2 4
Favours [DEX] Favours [control]

Std. Mean Difference

Random

-20 -0 0 10 20
Favours [DEX] Favours [control]

Figure 3. Forest plots for the pooled estimate of TNF-a at end of surgery (A) and 24 h post-operation (B), WBC at 24
h post-operation (C), WBC at 72 post-operation (D) and CRP at 24 h post-operation (E).

was applied. The pooled estimates showed that
the patients undergoing general anesthesia
with dexmedetomidine had lower levels of IL.-6
than patients undergoing placebo/normal sa-
line at the end of surgery (SMD = -4.07, 95%
Cl =-6.62 to -1.52, P = 0.002, Figure 2A), but
showed similar levels of IL-6 with patients in
control groups at 6 h (SMD =-1.17, 95% =-2.90
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to 0.56, P = 0.18, Figure 2B) or 24 h (SMD =
-1.74, 95% Cl = -3.60 to 0.12, P = 0.07, Figure
2C) after surgery.

Except IL-6, the inflammatory factors including
TNF-a, WBC (white blood cell) and CRP (C-reac-
tive protein) were also analyzed in this meta-
analysis. Among the included studies, no sig-
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A SOD at 30 min post-OLV

DEX Control Std. Mean Difference Std. Mean Difference
udy or Subgrou ean a ean D 2 eigh Random, 95% Cl V. R Y
Rui Xia 2015 1.8 03 25 16 0.2 24 491% 0.77 [0.19, 1.35] Ll
Shengiang Gao 2015 444 47 25 438 55 25 50.9% 0.12 [-0.44, 0.67]

Total (95% CI) 50 49 100.0% 0.44 [-0.20, 1.08]

Heterogeneity: Tau? = 0.13; Chi? = 2.53,df =1 (P=0.11); P =61%
Test for overall effect: Z = 1.33 (P = 0.18)

B MDA at 30 min post-OLV

DEX Control
D "

an a
21 17 24 49

ud ubg ean a
Rui Xia 2015 17.5 1.2 25

Shengiang Gao 2015 492 0.2 25 4.89 0.18 25 50.5%

Total (95% CI) 50

Test for overall effect: Z = 0.87 (P = 0.39)

Std. Mean Difference

-2.35[-3.09, -1.61]

49 100.0%
Heterogeneity: Tau? = 3.02; Chi? = 28.10, df = 1 (P < 0.00001); I? = 96%

-1.08 [-3.54, 1.37]

VPRI
Favours [DEX] Favours [control]

Std. Mean Difference
Q59

rRandom

Randoim

0.16 [-0.40, 0.71]

0 5 0 5 10
Favours [DEX] Favours [control]

Figure 4. Forest plots for the pooled estimate of SOD at 30 min post-OLV (A) and MDA at 30 min post-OLV (B).

Table 2. Results of sensitivity analyses

Indexes Excluded studies

SMD [95% Cl], P-value 12, P-value

CRP at 24 h post-operation  Low quality study (W. DONG 2017)

Alex Bekker 2013
IL-6 at 6 h post-operation

IL-6 at 24 h post-operation X.-H. YANG 2017

TNF-a at 24 h post-operation Low quality study (W. DONG 2017)

Low quality study (Xiahong Luo 2016)
Low quality study (Shengiang Gao 2015) -2.35[-3.09, -1.61], P < 0.00001 NA
Low quality study (Shengiang Gao 2015) 0.77 [0.19, 1.35], P =0.01 NA

MDA at 30 min post-OLV
SOD at 30 min post-OLV
WBC at 24 h post-operation M. Ueki 2014
WBC at 72 h post-operation M. Ueki 2014

Low quality study (So Hui Yun 2015)

-0.71[-1.50, 0.08], P =0.08 70%, P =0.07
-1.49 [-3.84, 0.86], P = 0.21 96%, P < 0.00001
-2.03 [-2.47,-1.60], P < 0.00001 NA

-2.38 [-3.84,-0.93], P = 0.001 96%, P < 0.00001
-1.30[-2.78, 0.18], P = 0.09 95%, P < 0.00001
-0.98 [-1.98, 0.03], P = 0.06 90%, P < 0.00001

-0.68 [-1.32,-0.04], P = 0.04 NA
-0.83[-1.47,-0.18], P = 0.01 NA

Notes: only the inconsistent results with overall analyses were shown in this table.

nificant heterogeneity (I? = 37%; P = 0.21) was
observed for WBC levels at 24 h after surgery;
hence, the fixed-effects model was used. How-
ever, randomized effects model should be used
due to significant heterogeneity (I > 50%; P <
0.1) among studies for TNF-a at end of surgery,
TNF-a at 24 h post-operation, WBC at 72 h po-
st-operation and CRP at 24 h post-operation.
Results showed that dexmedetomidine anes-
thesia was associated with the significantly de-
creased levels of TNF-a at end of surgery (SMD
= -1.71, 95% Cl = -2.74 to -0.67, P = 0.001,
Figure 3A) and 24 h (SMD = -1.46, 95% Cl =
-2.60t0-0.32, P =0.01, Figure 3B) post-opera-
tion and CRP at 24 h post-operation (SMD =
-1.36, 95% Cl =-2.70 to -0.02, P = 0.05, Figure
3E). However, the levels of WBC at 24 h (SMD =
-0.39, 95% Cl =-0.84 to 0.06, P = 0.09, Figure
3C) and 72 h (SMD = -0.35, 95% Cl =-1.28 to
0.59, P = 0.47, Figure 3D) post-operation were
similar in DEX and control groups.
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Meta-analysis regarding oxidative stress in-
dexes

Figure 4 shows the results for oxidative stress
indexes. Only two studies [22, 27] reported the
SOD and MDA levels after OLV (One-Lung
Ventilation). Among the studies, significant het-
erogeneity (12 > 50%; P < 0.1) was observed in
the analysis of SOD at 30 min post-OLV and
MDA at 30 min post OLV; thus, the random-
effects model should be used. Pooled data
showed that the dexmedetomidine anesthesia
was not associated with the SOD (SMD = 0.44,
95% Cl = -0.20 to 1.08, P = 0.18, Figure 4A)
and MDA (SMD = 0.44, 95% Cl =-0.20 to 1.08,
P = 0.18, Figure 4B) levels variety among pa-
tients at 30 min after OLV.

Sensitivity analyses and publication bias

As shown in Table 2, some results of sensiti-
vity analyses were inconsistent with the overall

Int J Clin Exp Med 2018;11(11):11545-11553
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analysis. Besides the low-quality studies includ-
ing W. DONG 2017, So Hui Yun 2015, Xiahong
Luo 2016 and Shengiang Gao 2015 [21, 22,
24, 31], the exclusion of studies of X.-H. YANG
2017, M. Ueki 2014 and Alex Bekker 2013 [20,
25, 30] also can change the results of overall
analyses (Table 2).

In addition, Begg's test showed there was no
significant publication bias in this meta-analy-
sis (P > 0.05).

Discussion

Consistent with the previous meta-analysis
[15], we proved the effect of perioperative
dexmedetomidine on inflammatory response
based on the IL-6 at end of surgery, TNF-a at
end of surgery, TNF-a at 24 h post-operation
and CRP at 24 h post-operation, although no
significant effect of perioperative dexmedeto-
midine on IL-6 at 6 h and 24 h post-operation
as well as WBC at 24 h and 72 h post-opera-
tion. Compared with that meta-analyses, there
were some advantages: firstly, we only includ-
ed the studies published in English; secondly,
the other inflammatory factors such as CRP
and WBC were investigated; thirdly, more re-
cent studies published in recent 3 years were
included and reanalyzed. The effect of periop-
erative dexmedetomidine on CRP after surgery
was firstly investigated and proved by meta-
analysis in this study. Previous studies have
showed that epinephrine can simulate CRP bio-
synthesis and release and 3-adrenergic antag-
onists can decrease the circulating CRP levels
[33]. Thus, we speculated that the -2 adreno-
receptor also can reduce CRP levels by inhibit-
ing the stimulation of epinephrine on CRP bio-
synthesis and release. The mechanism of dex-
medetomidine on improving inflammatory res-
ponse should be further explored in further
studies.

In this study, we found the IL-6 levels at 6 h and
24 h post-operation were similar between DEX
and control groups. Thus, we speculated that
the effect of perioperative dexmedetomidine
on IL-6 level after surgery may be transitory.
More studies should be performed to verify
these results. However, the significantly decre-
ased IL-6 level at 24 h post-operation by peri-
operative dexmedetomidine application was
found after excluding the study of X.-H. YANG
2017 [30] in sensitivity analyses. It was report-
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ed sex steroids can regulate IL-6 [34, 35]. Com-
pared with the other 6 studies, only females
were investigated in the study of X.-H. YANG
2017 [30], which may be the main reason
resulting in the inconsistent results. Similarly,
the significant result on TNF-a at 24 h post-
operation disappeared after excluding the
study of W. DONG 2017 or Xiahong Luo 2016
[21, 24]. Compared with the other two studies
[26, 28], the participants was visually younger
in the studies of W. DONG 2017 or Xiahong Luo
2016 [21, 24]. As shown in previous studies,
age is a factor influencing the TNF-« regulation
in many diseases [36, 37]. Thus, the age may
be a factor influencing the result of this meta-
analysis for TNF-a at 24 h post-operation. More
studies should be performed to further investi-
gate the influence of age and sex on the effect
of perioperative dexmedetomidine on inflam-
matory response.

There may be no effect of perioperative dexme-
detomidine on oxidative stress based on the
results on MDA and SOD levels at 30 min after
OLV, which is consistent with the results of a
previous meta-analysis [16]. Differently, we in-
cluded a recent study of Shenggiao Gao 2015
in this meta-analysis. In sensitivity analyses,
the results showed that the two included stud-
ies indicated different results in MDA and SOD
levels at 30 min after OLV. Given only two stud-
ies were included and inconsistent results exi-
st between these studies, the conclusion on
effect of perioperative dexmedetomidine on
oxidative stress could not be determined in
this meta-analysis. More studies should be
performed to further investigate the effect of
perioperative dexmedetomidine on oxidative
stress.

There were some limitations in this study.
Firstly, significant heterogeneity was found in
this study, sex, age, country and surgery may be
the sources of heterogeneity. However, sub-
group analyses were not performed due to no
enough data. Secondly, except IL-6, TNF-&, CRP
and WBC, many other inflammatory factors (IL-
2, IL-10, TNF-B) should be performed in future
studies. In addition, only two studies were used
to evaluate the effect of perioperative dexme-
detomidine on IL-6 at 6 h post-operation, WBC
at 24 h and 72 h post-operation, and MDA and
SOD levels at 30 min after OLV. Meanwhile,
Sensitivity analyses showed obviously incon-
sistent results between those two studies.
Thus, the results are instability and more stu-
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dy should be performed to verify the results
of this meta-analysis.

In conclusion, perioperative dexmedetomidine
can significantly improve the inflammatory res-
ponse via IL-6, TNF-3 and CRP. There may be no
association between perioperative dexmedeto-
midine and oxidative stress after surgery and
further studies are needed to verify it.

Acknowledgements

This research was supported by grant-in-aid
No. 2018YX091 from the Science and Techno-
logy Development Project of Weifang City.

Disclosure of conflict of interest
None.

Address correspondence to: Qian Li, Department of
Anesthesiology, Jinan Stomatologic Hospital, Jinan
250001, Shandong Province, P. R. China. Tel: 86-
531-86666920; E-mail: ligianmazui@126.com

References

[1] Mandlik G, Nayan S, Gite M, Padhye M, Pawar
S, Vinit P, Aishwarya N, Shruti K. Efficacy of
an analgesic and anti-inflammatory ayurvedic
medicine to control postoperative pain. World
Journal of Dentistry 2015; 6: 164-8.

[2] SiHB, YangTM, Zeng, Zhou ZK, Pei FX, Lu YR,
Cheng JQ, Shen B. Correlations between in-
flammatory cytokines, muscle damage mark-
ers and acute postoperative pain following pri-
mary total knee arthroplasty. BMC Musculo-
skelet Disord 2017; 18: 265.

[3] Marcoval J, Gallego MI, Moreno A. Inflamma-
tory cutaneous metastasis as a first sign of re-
currence of squamous cell carcinoma of the
lung. Actas Dermosifiliogr 2008; 99: 157-9.

[4] Zhang X, Meng A, Wang H, Yan X. High serum
macrophage inflammatory protein-3alpha is
associated with the early recurrence or metas-
tasis of non-small cell lung cancer following
primary pulmonary resection. Oncol Lett 2014;
8:948-52.

[5] GOmezA, Ledn |, Montero M, Vicente R, Ortega
J, Belda F. Evaluation of inflammatory respon-
se as predictor of mortality in cardiac surgery.
Eur J Anaesth 2013; 30: 72.

[6] Schoe A, Schippers EF, Ebmeyer S, Struck J,
Klautz R, de Jonge E, van Dissel JT. Predicting
mortality and morbidity after elective cardiac
surgery using vasoactive and inflammatory
biomarkers with and without the EuroSCORE
model. Chest 2014; 146: 1310-8.

11552

[7] Carollo DS, Nossaman BD, Ramadhyani U.
Dexmedetomidine: a review of clinical appli-
cations. Curr Opin Anaesthesiol 2008; 21:
457-61.

[8] Hoffman J, Hamner C. Effectiveness of dexme-
detomidine use in general anesthesia to pre-
vent postoperative shivering: a systematic re-
view protocol. JBI Database System Rev Im-
plement Rep 2015; 13: 37-48.

[9] Volkov PA, Churadze BT, Sevalkin SA, Volkova
YN, Guryanov VA. Dexmedetomidine as a part
of analgesic component of general anesthesia
for laparoscopic operations. Anesteziol Reani-
matol 2015; 60: 4-8.

[10] Li SS, Zhang WS, Ji D, Zhou YL, Li H, Yang JL,
Xiong YC, Zhang YQ, Xu H. Involvement of spi-
nal microglia and interleukin-18 in the anti-no-
ciceptive effect of dexmedetomidine in rats
subjected to CCI. Neurosci Lett 2014; 560: 21-
5.

[11] Tanabe K, Matsushima-Nishiwaki R, Kozawa
0, lida H. Dexmedetomidine suppresses inter-
leukin-1beta-induced interleukin-6 synthesis
in rat glial cells. Int J Mol Med 2014; 34: 1032-
8.

[12] Bulow NM, Colpo E, Pereira RP, Correa EF, Wac-
zuk EP, Duarte MF, Rocha JB. Dexmedetomi-
dine decreases the inflammatory response to
myocardial surgery under mini-cardiopulmo-
nary bypass. Braz J Med Biol Res 2016; 49:
e4646.

[13] ZhangX, Wang J, Qian W, Zhao J, Sun L, QianY,
Xiao H. Dexmedetomidine inhibits tumor ne-
crosis factor-alpha and interleukin 6 in lipo-
polysaccharide-stimulated astrocytes by sup-
pression of c-Jun N-terminal kinases. Inflam-
mation 2014; 37: 942-9.

[14] Farghaly HS, Mahmoud AM, Abdel-Sater KA.
Effect of dexmedetomidine and cold stress in
a rat model of neuropathic pain: role of inter-
leukin-6 and tumor necrosis factor-alpha. Eur J
Pharmacol 2016; 776: 139-45.

[15] LiB, LiY, Tian S, Wang H, Wu H, Zhang A, Gao
C. Anti-inflammatory effects of perioperative
dexmedetomidine administered as an adjunct
to general anesthesia: a meta-analysis. Sci
Rep 2015; 5: 12342.

[16] Huang SQ, Zhang J, Zhang XX, Liu L, YuY, Kang
XH, Wu XM, Zhu SM. Can dexmedetomidine im-
prove arterial oxygenation and intrapulmonary
shunt during one-lung ventilation in adults un-
dergoing thoracic surgery? A meta-analysis
of randomized, placebo-controlled trials. Chin
Med J (Engl) 2017; 130: 1707-14.

[17] Kilic K, Hanci V, Selek S, Sozmen M, Kilic
N, Citil M, Yurtlu DA, Yurtlu BS. The effects of
dexmedetomidine on mesenteric arterial oc-
clusion-associated gut ischemia and reperfu-
sion-induced gut and kidney injury in rabbits.
J Surg Res 2012; 178: 223-32.

Int J Clin Exp Med 2018;11(11):11545-11553


mailto:liqianmazui@126.com

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Dexmedetomidine and inflammatory and oxidative stress response

Cakir M, Polat A, Tekin S, Vardi N, Taslidere E,
Rumeysa DZ, Tanbek K. The effect of dexme-
detomidine against oxidative and tubular dam-
age induced by renal ischemia reperfusion in
rats. Ren Fail 2015; 37: 704-8.

Jadad AR, Moore RA, Carroll D, Jenkinson C,
Reynolds DJ, Gavaghan DJ, McQuay HJ. As-
sessing the quality of reports of randomized
clinical trials: is blinding necessary? Control
Clin Trials 1996; 17: 1-12.

Bekker A, Haile M, Kline R, Didehvar S, Babu R,
Martiniuk F, Urban M. The effect of intraopera-
tive infusion of dexmedetomidine on the qual-
ity of recovery after major spinal surgery.
J Neurosurg Anesthesiol 2013; 25: 16-24.
Dong W, Chen MH, Yang YH, Zhang X, Huang
MJ, Yang XJ, Wang HZ. The effect of dexme-
detomidine on expressions of inflammatory
factors in patients with radical resection of
gastric cancer. Eur Rev Med Pharmacol Sci
2017; 21: 3510-5.

Gao S, Wang Y, Zhao J, Su A. Effects of dexme-
detomidine pretreatment on heme oxygen-
ase-1 expression and oxidative stress during
one-lung ventilation. Int J Clin Exp Pathol 2015;
8:3144-9.

Li Y, Wang B, Zhang LL, He SF, Hu XW, Wong
GT, Zhang Y. Dexmedetomidine combined with
general anesthesia provides similar intraoper-
ative stress response reduction when com-
pared with a combined general and epidural
anesthetic technique. Anesth Analg 2016;
122:1202-10.

Luo X, Zheng X, Huang H. Protective effects of
dexmedetomidine on brain function of glioma
patients undergoing craniotomy resection and
its underlying mechanism. Clin Neurol Neuro-
surg 2016; 146: 105-8.

Ueki M, Kawasaki T, Habe K, Hamada K, Kawa-
saki C, Sata T. The effects of dexmedetomidine
on inflammatory mediators after cardiopulmo-
nary bypass. Anaesthesia 2014; 69: 693-700.
Wang Y, Xu X, Liu H, Ji F. Effects of dexmedeto-
midine on patients undergoing radical gastrec-
tomy. J Surg Res 2015; 194: 147-53.

Xia R, Xu J, Yin H, Wu H, Xia Z, Zhou D, Xia ZY,
Zhang L, Li H, Xiao X. Intravenous infusion
of dexmedetomidine combined isoflurane in-
halation reduces oxidative stress and potenti-
ates hypoxia pulmonary vasoconstriction dur-
ing one-lung ventilation in patients. Mediators
Inflamm 2015; 2015: 238041.

Xu L, Hu Z, Shen J, McQuillan PM. Does dexme-
detomidine have a cardiac protective effect
during non-cardiac surgery? A randomised
controlled trial. Clin Exp Pharmacol Physiol
2014; 41: 879-83.

11553

[29]

[30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

Yacout AG, Osman HA, Abdel-Daem MH, Ham-
mouda SA, Elsawy MM. Effect of intravenous
dexmedetomidine infusion on some proinflam-
matory cytokines, stress hormones and recov-
ery profile in major abdominal surgery. Alexan-
dria Journal of Medicine 2012; 48: 3-8.

Yang XH, Bai Q, Lv MM, Fu HG, Dong TL, Zhou
Z. Effect of dexmedetomidine on immune func-
tion of patients undergoing radical mastecto-
my: a double blind and placebo control study.
Eur Rev Med Pharmacol Sci 2017; 21: 1112-6.
Yun SH, Park JC, Kim SR, Choi YS. Effects of
dexmedetomidine on serum interleukin-6, he-
modynamic stability, and postoperative pain
relief in elderly patients under spinal anesthe-
sia. Acta Med Okayama 2016; 70: 37-43.
Zhou H, Lu J, Shen Y, Kang S, Zong Y. Effe-
cts of dexmedetomidine on CD42a+/CD14+,
HLADR+/CD14+ and inflammatory cytokine
levels in patients undergoing multilevel spinal
fusion. Clin Neurol Neurosurg 2017; 160: 54-
8.

Tremblay J. Genetic determinants of C-reactive
protein levels in metabolic syndrome: a role for
the adrenergic system? J Hypertens 2007; 25:
281-3.

Mishra V, DiAngelo SL, Silveyra P. Sex-specific
IL-6-associated signaling activation in ozone-
induced lung inflammation. Biol Sex Differ
2016; 7: 16.

Hetzler KL, Hardee JP, Puppa MJ, Narsale AA,
Sato S, Davis JM, Carson JA. Sex differences
in the relationship of IL-6 signaling to cancer
cachexia progression. Biochim Biophys Acta
2015; 1852: 816-25.

Himmerich H, Wolf JE, Zimmermann P, Buhler
AH, Holdt LM, Teupser D, Kirkby KC, Willmund
GD, Wesemann U. Serum concentrations of tu-
mor necrosis factor-alpha and its soluble re-
ceptors in soldiers with and without combat-
related posttraumatic stress disorder: influ-
ence of age and body mass index. Chin Med J
(Engl) 2016; 129: 751-2.

Matsui T, Umetsu R, Kato Y, Hane Y, Sasaoka
S, Motooka Y, Hatahira H, Abe J, Fukuda A, Na-
ganuma M, Kinosada Y, Nakamura M. Age-re-
lated trends in injection site reaction incidence
induced by the tumor necrosis factor-alpha
(TNF-alpha) inhibitors etanercept and adalim-
umab: the food and drug administration ad-
verse event reporting system, 2004-2015. Int
J Med Sci 2017; 14: 102-9.

Int J Clin Exp Med 2018;11(11):11545-11553



