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Abstract
One- lung ventilation (OLV), a common ventilation technique, is associated with periop-
erative lung injury, tightly connected with inflammatory responses. Dexmedetomidine 
has shown positive anti- inflammatory effects in lung tissues in pre- clinical models. This 
study investigated the efficacy of dexmedetomidine for suppressing inflammatory re-
sponses in patients requiring OLV. We searched PubMed, MEDLINE, Embase, Scopus, 
Ovid, and Cochrane Library for randomized controlled trials focusing on dexmedeto-
midine’s anti- inflammatory effects on patients requiring OLV without any limitation 
on the year of publication or languages. 20 clinical trials were assessed with 870 pa-
tients in the dexmedetomidine group and 844 in the control group. Our meta- analysis 
investigated the anti- inflammatory property of dexmedetomidine perioperatively [T1 
(30- min OLV), T2 (90- min OLV), T3 (end of surgery) and T4 (postoperative day 1)], 
demonstrating that dexmedetomidine’s intraoperative administration resulted in a 
significant reduction in serum concentration of interleukin- 6, tumor necrosis factor- α 
and other inflammatory cytokines perioperatively. By calculating specific I2 index, sig-
nificant heterogeneity was observed on all occasions, with I2 index ranging from 95% 
to 99%. For IL- 6 changes, sensitivity analysis showed that the exclusion of a single 
study led to a significant decrease of heterogeneity (96%– 0%; p < 0.00001). Besides, 
pulmonary oxygenation was ameliorated in the dexmedetomidine group comparing 
with the control group. In conclusion, perioperative administration of dexmedetomi-
dine can attenuate OLV induced inflammation, ameliorate pulmonary oxygenation, 
and may be conducive to a decreased occurrence of postoperative complications and 
better prognosis. However, the results should be prudently interpreted due to the 
evidence of heterogeneity and the limited number of studies.
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1  |  INTRODUC TION

One- lung ventilation (OLV), aiming for double- lung isolation and re-
duction of operative lung injury, has become a commonly used ven-
tilation technique in thoracic surgeries.1 However, it also results in 
multiple complications, including hypoxaemia,2 lung injury,3 acute 
respiratory distress syndrome4 and death.5 Ventilator- induced lung 
injury (VILI) is one of the most serious potential complications of 
one- lung ventilation6 and has raised extensive concern on find-
ing its preventative measures. In a recent review, the pathology 
of VILI was characterized as pulmonary infiltration, hyaline mem-
brane formation, increased vascular endothelium permeability, 
pulmonary oedema and hypoxia.7 Inflammatory cell infiltration 
could result in damage to the isolated lung and extrapulmonary 
organs by activating pro- inflammatory and pro- injurious cytokine 
cascade.4,8,9 Moreover, being the main cause of both short-  and 
long- term morbidity, elevated systematic inflammation may induce 
peritoneal membrane fibrosis and angiogenesis, diabetes mellitus, 
metabolic syndrome, non- alcoholic fatty liver disease and even car-
diovascular disease,10,11 which makes anesthetics that possesses 
anti- inflammatory properties a promising potential approach to 
suppress inflammatory responses by reducing the release of lipid 
mediators derived from arachidonic acid, relevant proteins and gas-
eous molecules.

Dexmedetomidine, a highly selective α- 2 adrenergic recep-
tor agonist, has an outstanding property of allowing easily con-
trollable analgesia and sedation without respiratory depression, 
which prompts widespread use in the intensive care unit. Over 
the past five years, increasing numbers of clinical studies12– 15 have 
demonstrated the anti- inflammatory effects of dexmedetomidine. 
Dexmedetomidine’s promising anti- inflammatory property with 
minimal effects on respiration makes it the potential anaesthetic 
for patients requiring OLV.

The potential anti- inflammatory effects of dexmedetomidine 
are thought to be conferred, at least partly, by agonizing the α- 2 
adrenergic receptor. With the administration of yohimbine,16,17 
an α- 2 agonist blockade, the effect was attenuated. However, the 
specific signalling pathway that dexmedetomidine took a role in 
was still obscure. Zhu et al.18 demonstrated that the extracellular 
signal- regulated kinase 1/2 (ERK1/2) pathway contributed to the 
anti- inflammatory effect in a latest study. Chen et al.16 suggested 
that mechanical stretch may induce the release of toll- like receptor 
(TLR4), thus activating nuclear factor kappa- light- chain- enhancer 
of activated B cells (NF- κB), which regulates the genes encoding a 
broad range of inflammatory molecules.

Various pre- clinical studies16– 23 showed the anti- inflammatory 
property of dexmedetomidine in reducing VILI (Table 1). VILI was 
usually induced by high tidal volume ventilation (tidal volume 
6– 20 mL/kg; respiratory rate 50– 80 breaths/min) in these pre- 
clinical models. Significant pathology changes, such as structural 
changes of alveolar wall, alveolar perihelial death, inflammatory cell 
infiltration, and increased concentration of inflammatory cytokines 

(interleukin (IL)-6), tumour necrosis factor-α (TNF-α), etc.), were 
observed in the control groups. In the dexmedetomidine groups, 
histopathology damage was significantly alleviated, along with a de-
creased expression of inflammatory cytokines, wet- to- dry ratio, and 
myeloperoxidase activity.

Although pre- clinical studies had shown promising results, 
clinical trials are needed to evaluate dexmedetomidine’s anti- 
inflammatory effects. Nevertheless, there has been no systematic 
review nor meta- analysis concerning this topic. Therefore, we con-
ducted this systematic review to investigate dexmedetomidine’s im-
pact on inflammatory responses on patients requiring OLV.

2  |  RESULTS

2.1  |  Article selection

Of the 1218 potential articles in the initial search, 20 RCTs24– 43 met 
the inclusion criteria. The screening and selection process is demon-
strated in Figure 1. After removing 407 duplicate, 616 non- clinical 
articles and 43 full- text inaccessible articles, 152 articles remained. 
Among those, 137 articles were excluded based on exclusion criteria.

2.2  |  Major statistics of included studies

Major characteristics of included studies are presented in Table 
S1a,b. A total of 1714 patients (870 in the dexmedetomidine group, 
844 in the control group) undergoing surgeries with OLV were in-
cluded in this meta- analysis, with an average age of [MD, 58.35; 
95%CI, (42.56, 74.15)]. Among those, three trials applied dexme-
detomidine only before induction, while the others applied dexme-
detomidine through surgery, with initial doses ranging from 0.3 to 
1 μg/kg [MD, 0.67; 95%CI, (0.118, 1.220)] and maintenance doses 
of 0.3– 0.5 μg/kg/h [MD, 0.4; 95%CI, (0.187, 0.613)]. Considering the 
diversity in surgery types, the duration of surgery and OLV varies 
from 117 to 223 min [MD, 163.78; 95%CI, (83.657, 243.906)] and 
from 58 to 169.33 min [MD, 108.204; 95%CI, (50.621, 165.787)] 
respectively. Supplementary anaesthetics administrated during the 
surgery include sevoflurane, propofol, midazolam, etomidate, fenta-
nyl, sufentanil, remifentanil, vecuronium, rocuronium, atracurium, 
cisatracurium, and penehyclidine hydrochloride.

2.3  |  Quality assessment

Amongst the 20 included clinical trials, 16 studies were classified as 
high quality and four as low quality. Only four studies were consid-
ered as low risk- of- bias, three as high risk- of- bias, and 13 remained 
unclear. The complete summary of methodological quality assess-
ment and risk of bias assessment is demonstrated in Supplementary 
Material a and b, respectively.
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2.4  |  Inflammatory cytokine changes: TNF‑α

A total of 17 trials investigated perioperative changes of TNF- α 
from baseline at four timepoints, all resulting in significant decrease 
(Figure 2). Compared with control groups, the administration of dex-
medetomidine in observation groups lead to a most effective validity 
of inflammation suppression at the end of surgery [MD, −14.41; 95% 
CI, (−19.76 to 9.07)] pg/mL; p < 0.00001], which is in consistent with 
the TNF- α variation trends in several studies. It is noticeable that 
serious heterogeneity was observed on all occasions [T1, I2 = 97%, 
p < 0.00001; T2, I2 = 97%, p < 0.00001; T3, I2 = 99%, p < 0.00001); 
T4, I2 = 98%, p < 0.00001)]. Thus, subgroup analysis was performed 
to identify potential sources of heterogeneity.

In subgroup analysis, as shown in Table 2, only combined infusion 
mode resulted in statistical significance on all occasions, while bolus 
injection of dexmedetomidine even led to an increase in the con-
centration of TNF-α. Trials performed on non- lung associated sur-
geries showed no significance at T2. Nevertheless, those conducted 
on lung associated surgeries had no statistical significance at T4 ei-
ther. The concentration of TNF-α dropped in groups with a balanced 
sex ratio at T1 and T2, but not in other subgroups. At T4, surgery 

duration had no decreasing effect on TNF-α levels. All subgroups 
had a significant decrease in the concentration of TNF-α at T3.

2.5  |  Inflammatory cytokine changes: IL‑ 6

Dexmedetomidine administration also resulted in statistically sig-
nificant reductions in serum concentration of IL- 6 [MD, −4.94, 
95%CI (−8.54, −1.33) pg/mL, p < 0.00001 at T1 (Figure 3); MD, 
−9.86, 95%CI (−16.79, −2.93) pg/mL, p < 0.00001 at T2; MD, −14.41, 
95%CI (−19.76, −9.07) pg/mL, p < 0.00001 at T3; MD, −14.48, 95%CI 
(−20.76, −8.3) pg/mL, p < 0.00001 at T4]. Unlike the impact on TNF- 
α, the anti- inflammatory effect on IL- 6 was gradually enhanced until 
24 h after surgery. The subgroup was conducted due to evident 
heterogeneity.

In the subgroup analysis, as shown in Table 3, administration 
mode, sex ratio, surgery duration, OLV duration, and surgery types 
impacted the results. Only combined infusion led to a significant de-
crease in IL- 6 concentrations at all time points, while the single- dose 
group had an increase in IL- 6 concentrations at T4, but no signifi-
cant difference was seen in the continuous infusion group, which is 

F I G U R E  1  Complete Search Strategy
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consistent with subgroup analysis on TNF-α at T3. Although no sta-
tistical significance was found in the balanced sex ratio group at T3, 
more occasions showed that an unbalanced sex ratio led to statisti-
cal insignificance. When surgery duration was below average, IL- 6 
concentration decreased at T1. A significant decrease was observed 
in trials in which OLV duration was above average on all occasions 
except postoperative day 1. However, at T3, only the sex ratio and 
infusion mode affected the outcome; the other subgroups all had a 
significant decrease in IL- 6 concentration.

2.6  |  Other inflammatory mediators

A significant decrease in IL- 8 level from baseline at T2 was observed 
[MD, −13.64; 95% CI (−25.13, −2.15) pg/mL; p < 0.00001] in four 
studies,24– 26,43 while there was no significant difference found in 
serum concentration of IL- 10 at T2 (Figure S1).

As for other inflammatory cytokines, the data were insufficient 
to conduct a meta- analysis. But we observed a significant reduction 
of interleukin (IL)- 1β27 at T2 [MD, −1.42; 95% CI (−1.65, −1.19) pg/mL; 

F I G U R E  2  Forest graph showing the effect of dexmedetomidine on the change from baseline in serum tumour necrosis factor (TNF)-α 
levels. (A) at the end of surgery, (B) 30 min after one lung ventilation (OLV) and (C) the first postoperative day. CI indicates confidence 
interval, SD, standard deviations
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p < 0.00001], which was in consistence with the anti- inflammatory 
effect of dexmedetomidine. However, the only significant differ-
ence found in monocyte chemoattractant protein- 1 (MCP- 1)30 
was observed in the control group one hour after of end of one- 
lung ventilation.

2.7  |  PaO2 and oxygen index

Seven trials27,31,32,34,37– 39 evaluated the effect dexmedetomidine 
had on oxygenation at 30 min after OLV. As shown in Figure S2, sig-
nificant increases were observed of both PaO2 and oxygen index in 

TA B L E  2  Subgroup analysis of TNF- α

Subgroups Studies with Number of studies MD & 95%CI
Between subgroup 
significance

TNF- α

T1 Balanced sex ratio 2 −5.31 [−15.60, 4.98] Z = 1.01, p = 0.31

Unbalanced sex ratio 3 −9.67 [−17.64, −1.69] Z = 2.38, p = 0.02

Combined infusion 4 −7.21 [−15.09, 0.66] Z = 1.79, p = 0.07

Bolus 1 −10.50 [−12.14, −8.86] Z = 12.56, p < 0.00001

Surgery duration above average 1 −4.80 [−6.98, −2.62] Z = 4.31, p < 0.0001

Surgery duration below average 4 −8.70 [−15.01, −2.38] Z = 2.70, p = 0.007

Non- lung- associated surgery 4 −7.75 [−13.93, −1.57] Z = 2.46, p = 0.01

Lung- associated surgery 1 −8.60 [−13.81, −3.39] Z = 3.23, p = 0001

OLV duration above average 1 −4.80 [−6.98, −2.62] Z = 4.31, p < 0.0001

OLV duration below average 4 −8.70 [−15.01, −2.38] Z = 2.70, p = 0.007

T2 Balanced sex ratio 4 −4.41 [−12.71, 3.90] Z = 1.04, p = 0.30

Unbalanced sex ratio 2 −27.75 [−52.00, −3.50] Z = 2.24, p = 0.02

Combined infusion 4 −11.26 [−20.20, −2.31] Z = 2.47, p = 0.01

Bolus 2 −12.23 [−15.00, −9.46] Z = 8.65, p < 0.00001

Surgery duration above average 2 0.30 [−1.94, 2.54] Z = 0.37, p = 0.71

Surgery duration below average 4 −20.35 [−28.70, −12.00] Z = 4.78, p < 0.00001

Non- lung- associated surgery 3 −7.84 [−24.01, −8.33] Z = 0.95, p = 0.34

Lung- associated surgery 3 −16.22 [−30.27, −2.16] Z = 2.26, p = 0.02

OLV duration above average 2 0.30 [−1.94, 2.54] Z = 0.37, p = 0.71

OLV duration below average 4 −20.35 [−28.70, −12.00] Z = 4.78, p < 0.00001

T3 Balanced sex ratio 4 −15.27 [−25.35, −5.20] Z = 2.97, p = 0.003

Unbalanced sex ratio 5 −10.99 [−16.89, 5.09] Z = 3.65, p = 0.0003

Surgery duration above average 2 −13.80 [−16.39, −11.21] Z = 14.82, p < 0.00001

Surgery duration below average 7 −11.86 [−17.19, −6.54] Z = 4.36, p < 0.0001

Non- lung- associated surgery 2 −12.33 [−15.36, −9.29] Z = 7.96, p < 0.00001

Lung- associated surgery 7 −12.38 [−17.76, −6.99] Z = 4.50, p < 0.00001

OLV duration above average 2 −13.80 [−16.39, −11.21] Z = 14.82, p < 0.00001

OLV duration below average 7 −11.86 [−17.19, −6.54] Z = 4.36, p < 0.0001

T4 Balanced sex ratio 5 −15.27 [−25.35, −5.20] Z = 6.87, p < 0.00001

Unbalanced sex ratio 2 −10.99 [−16.89, 5.09] Z = 0.98, p = 0.33

Combined infusion 5 −8.90 [−15.05, −2.75] Z = 2.06, p = 0.04

Continuous infusion 1 −0.50 [−1.59, 0.59] Z = 0.90, p = 0.37

Bolus 1 1.60 [0.14, 3.06] Z = 2.14, p = 0.03

Surgery duration above average 3 −7.07 [−14.84, 0.70] Z = 1.78, p = 0.07

Surgery duration below average 4 −3.45 [−10.81, 3.91] Z = 0.92, p = 0.36

OLV duration above average 2 −5.40 [−15.20, 4.40] Z = 1.08, p = 0.28

OLV duration below average 5 −4.85 [−11.36, 1.67] Z = 1.46, p = 0.14

Non- lung- associated surgery 6 −5.86 [−11.57, −0.16] Z = 2.01, p = 0.04

Lung- associated surgery 1 −0.00 [−1.17, 1.17] Z = 0.00, p = 1.00

Abbreviations: TNF- α, tumour necrosis factor- α; OLV, one lung ventilation.
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the dexmedetomidine group [PaO2: MD, 8.55, 95%CI (0.79, 16.30), 
p < 0.00001; OI: MD, 61.90, 95%CI (43.78, 80.01)], p < 0.00001)].

2.8  |  Sensitivity analysis

Influence analysis was performed by selecting a specific study and 
observing the changes in heterogeneity. After evaluating the impact 
of each study on the outcomes at all time points, we found that after 
deleting the study conducted by Gong et al.34, the heterogeneity on 

IL- 6 at T2 was reduced from 96% to 0%. Luo’s study42 affected the 
overall heterogeneity by 8% on IL- 8 at T1.

3  |  DISCUSSION

This meta- analysis evaluated the value of perioperative administra-
tion of dexmedetomidine. From 20 RCTs, it demonstrated that, as a 
perioperative adjuvant anaesthetic, dexmedetomidine significantly 
inhibited serum concentration of IL- 6, IL- 8, and TNF-α as well as 

F I G U R E  3  Forest graph showing the effect of dexmedetomidine on the change from baseline in serum interleukin (IL)-6 levels. (A) 30 min 
after one lung ventilation (OLV), (B) at the end of surgery and (C) the first postoperative day. CI indicates confidence interval, SD, standard 
deviations
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ameliorated pulmonary oxygenation in patients undergoing thoracic 
surgeries with OLV, which was in conformity with the pre- clinical 
trials. By subgroup analysis, bolus injection combined with con-
tinuous infusion was the only administration mode conferring the 
anti- inflammatory effects perioperatively, and single injection mode 
even resulted in an increased level of both IL- 6 and TNF-α postop-
eratively. These data postulated that dexmedetomidine could at-
tenuate perioperative pulmonary inflammation induced by OLV and 
preserve pulmonary oxygenation function.

The sensitivity analysis revealed that continuous infusion of dex-
medetomidine might account for the heterogeneity reduction on IL- 6 
at T1. Though high heterogeneity was observed in every forest plot, 
by subgroup analysis and sensitivity analysis, we managed to find 
that unbalanced sex ratio and diverse administration mode were the 
potential factors. In addition, we noticed that the radioimmunoassay 
technique was only applied by Tan et al, while all other studies used 
enzyme- linked immunosorbent assay technique (ELISA) to identify 
the serum concentration of inflammatory cytokines, which might 

TA B L E  3  Subgroup analysis of IL- 6

Subgroups Studies with Number of studies MD & 95%CI
Between subgroup 
significance

IL- 6

T1 Surgery duration above average 1 −14.50 [−18.60, −10.40] Z = 6.93, p < 0.00001

Surgery duration below average 2 −1.68 [−3.54, 0.18] Z = 1.77, p < 0.08

Non- lung- associated surgery 2 −2.60 [−3.42, −1.78] Z = 1.08, p < 0.28

Lung- associated surgery 1 −7.45 [−20.97, 6.07] Z = 6.24, p < 0.00001

OLV duration above average 1 −14.50 [−18.60, −10.40] Z = 6.93, p < 0.00001

OLV duration below average 2 −1.68 [−3.54, 0.18] Z = 1.77, p < 0.08

T2 Balanced sex ratio 2 −11.47 [−14.33, −8.61] Z = 7.86, p < 0.00001

Unbalanced sex ratio 2 −5.72 [−15.32, 3.88] Z = 1.17, p = 0.24

Combined infusion 3 −11.06 [−13.01, −9.11] Z = 11.10, p < 0.00001

Continuous infusion 1 −0.90 [−1.93, 0.13] Z = 1.72, p = 0.09

Surgery duration above average 2 −10.69 [−24.78, 3.40] Z = 1.49, p = 0.14

Surgery duration below average 2 −10.83 [−12.82, −8.85] Z = 10.71, p < 0.00001

Non- lung- associated surgery 2 −7.99 [−16.85, 0.86] Z = 1.17, p = 0.24

Lung- associated surgery 2 −11.24 [−14.15, −8.33] Z = 7.58, p < 0.00001

OLV duration above average 1 −18.30 [−34.37, −2.23] Z = 3.19, p = 0.001

OLV duration below average 3 −7.45 [−15.17, 0.27] Z = 1.89, p = 0.06

T3 Balanced sex ratio 4 −20.73 [−78.05, 36.60] Z = 1.65, p = 0.10

Unbalanced sex ratio 5 −8.18 [−11.55, −4.80] Z = 5.18, p < 0.00001

Combined infusion 7 −11.33 [−19.06, −3.60] Z = 4.50, p < 0.00001

Continuous infusion 2 −5.00 [−6.06, −3.94] Z = 0.98, p = 0.33

Surgery duration above average 2 −50.30 [−62.86, −37.74] Z = 11.22, p < 0.00001

Surgery duration below average 7 −5.12 [−9.74, −0.50] Z = 3.13, p = 0.002

Non- lung- associated surgery 3 −6.34 [−9.17, −3.50] Z = 3.97, p < 0.0001

Lung- associated surgery 6 −13.52 [−25.26, −1.77] Z = 3.13, p < 0.002

OLV duration above average 2 −50.30 [−62.86, −37.74] Z = 11.22, p < 0.00001

OLV duration below average 7 −5.12 [−9.74, −0.50] Z = 3.13, p = 0.002

T4 Balanced sex ratio 3 −41.98 [−48.02, −35.94] Z = 13.63, p < 0.00001

Unbalanced sex ratio 5 −2.59 [−8.07, 2.89] Z = 0.93, p = 0.35

Combined infusion 5 −18.97 [−28.03, −9.92] Z = 4.11, p < 0.00001

Continuous infusion 2 −20.78 [−59.88, 18.31] Z = 1.04, p = 0.30

Bolus 1 12.00 [4.83, 19.17] Z = 3.28, p = 0.001

Surgery duration above average 2 −21.47 [−61.84, −18.90] Z = 1.04, p = 0.30

Surgery duration below average 6 −13.74 [−22.22, −5.25] Z = 3.17, p = 0.002

OLV duration above average 3 −27.92 [−60.42, 4.58] Z = 1.68, p = 0.09

OLV duration below average 5 −9.01 [−17.41, −0.62] Z = 2.10, p = 0.04

Abbreviations: IL- 6, interleukin- 6; OLV, one lung ventilation.
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account for the prominent data of IL- 6 and TNF-α at T4. Moreover, 
all ELISA kits, except for the ones used in these two studies, came 
from different manufactures. It is known that reference interval 
could be different due to different manufactures. These deductions 
might give a reasonable explanation for the evident heterogeneity 
on all occasions.

To specialize in OLV induced pulmonary inflammation, we only 
assessed clinical trials that administered dexmedetomidine perioper-
atively on OLV patients in all aspects. In Li’s study,13 a meta- analysis 
conducted in 2015, only pre- operative administration of dexme-
detomidine was reviewed; in Wang’s meta- analysis,44 they did not 
cover all RCTs that had patients undergoing surgeries with OLV; and 
Flanders et al.45 put little emphasis on analyzing pre- existing clinical 
trials as well as the interrelation between animal studies and clinical 
trials. Compared with all the existing meta- analyses in this field, our 
review is the first one that synthesized the available data from all 
existing clinical trials on the effect of perioperative use of dexme-
detomidine on inflammation induced by OLV. Our results are aligned 
with the previous systematic reviews13,44,45 that dexmedetomidine 
attenuated immune responses by inhibiting the release of IL- 6, IL- 8, 
and TNF-α, and is beneficial to patients’ recovery and outcomes.

Though high heterogeneity was observed in forest plots at all 
timepoints, we analyzed several potential heterogeneity resources 
through subgroup analysis, which may be ascribed to dexmedetomi-
dine administration mode, unbalanced sex ratio, and OLV duration.

For patients undergoing surgeries with OLV, perioperative ad-
ministration of dexmedetomidine may exert anti- inflammatory 
effects, which could mitigate VILI, preserve patients’ pulmonary 
function, and facilitate postoperative recovery.

3.1  |  Limitations

We acknowledged that there are five aspects of serious limitations.
First, there are limited studies that could meet our inclusion cri-

teria, thus resulting in insufficient number of trials assessed on sev-
eral occasions, which may undermine the credibility of our results. 
There are few studies regarding the concentration of IL- 1β, MCP- 1, 
and CRP, which makes it impossible to draw conclusive conclusions 
in this regard.

Second, all studies included were performed in Eastern coun-
tries, thus making extrapolation of our conclusions to Western pop-
ulations questionable.

Third, though we managed to explain the obvious heterogeneity 
by performing subgroup analysis and sensitivity analysis, no exact 
reason was determined. Apart from the potential contributing fac-
tors, various centre settings, populations enrolled, and different an-
aesthetics used during the perioperative period could also interfere 
with the manifestation of dexmedetomidine’s effects.

Forth, there is no available study concerning the association 
between long- term clinical outcome and perioperative immunosup-
pression, thus requiring further studies to evaluate this aspect.

Lastly, the processes of randomization, allocation concealment 
and blinding were inadequate in these studies,29– 35,38– 43 which in-
deed would cause selection bias and diagnostic bias.

4  |  CONCLUSION

This meta- analysis demonstrated that perioperative administration 
of dexmedetomidine could attenuate inflammation induced by OLV 
and ameliorate pulmonary oxygenation, which may contribute to 
better clinical outcomes. More adequately powered and appropri-
ately designed clinical trials are needed to further refine our results.

5  |  METHODS

This study conformed to the Preferred Reporting Items for Systematic 
Reviews and Meta- analyses statement (PRISMA) in reporting this 
systematic review and meta- analysis.46 A detailed PRISMA guide-
lines checklist was presented in Appendix S1. This study was reg-
istered in The International Prospective Register of Systematic 
Reviews (PROSPERO registration number CRD42021223923).

5.1  |  Search strategy

We searched PubMed, MEDLINE, Embase, Scopus, Ovid, and 
Cochrane Library without any limitation on the year of publication 
or languages to find randomized- controlled trials (RCT) assessing the 
anti- inflammatory property of dexmedetomidine on patients requir-
ing OLV. Four websites were used as grey literature search engine 
(Figure 1). The latest search was done on May 5, 2021. In addition, 
the reference lists of included studies were manually screened to 
identify additional articles not found during the search of databases 
and websites. Detailed keywords and syntaxes used for each data-
base and grey literature website were described in Appendix S2.

5.2  |  Study selection

Two authors (Yun- Xiao Bai and Jie- Han Zhang) independently 
screened and evaluated the qualifications of the title and abstract. 
As for abstracts whose detailed information was insufficient to de-
termine eligibility, a full- text article was searched. The two authors 
are very consistent in including the selected articles (κ = 0.77).

5.3  |  Inclusion and exclusion criteria

The patient, intervention, comparison, outcomes, study design 
(PICOS) strategy was applied to identify the eligible studies of this 
systematic review and meta- analysis.47
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Inclusion criteria: (1) clinical trials of adult patients undergoing 
surgeries with OLV wherein dexmedetomidine was administrated 
perioperatively; (2) the anti- inflammatory effect of dexmedetomi-
dine was compared with normal saline/placebo; (3) trials reporting 
serum concentration changes of the inflammatory mediator (includ-
ing at least IL- 6 or TNF- α); and (4) randomized controlled trials.

Exclusion criteria: (1) trials without full- text access; (2) trials with 
no available data.

5.4  |  Data extraction

The retrieved data were as follows: first author, year of publication, 
surgery characteristics, participants’ characteristics, allocation, OLV 
duration, anaesthesia strategy, supplementary anaesthetics, and 
outcome indicators. Data were collected at T1 (30- minute OLV), T2 
(90- minute OLV or closet time point to 90- minute OLV), T3 (end of 
surgery), and T4 (postoperative day).

5.5  |  Outcomes

The primary outcome of this review was serum concentration 
changes from baseline of IL-6 and TNF-α following dexmedetomi-
dine application. The secondary outcome was changes from baseline 
of other inflammatory mediators (i.e., IL- 8, IL- 1β, MCP- 1, and CRP) 
and oxygenation indicators such as partial pressure of oxygen in ar-
terial blood gas (PaO2) and oxygen index (OI) in response to dexme-
detomidine application.

5.6  |  Quality assessment

The risk- of- bias was assessed with the Cochrane Collaborations’ 
tool.48 Studies that had more than four high risks in the risk- of- bias 
assessment were considered as high quality. The consistency be-
tween the two authors on the overall quality assessment was almost 
perfect (κ = 0.95).

5.7  |  Statistical analyses

Meta- analysis was performed using Review Manager 5.4.1 (The 
Cochrane Collaboration) under random- effects (REM) mod-
els. Both primary and secondary outcomes were both con-
tinuous variables. The standard mean difference (SMD) and 
95% confidential intervals (95% CI) were calculated from the 
changes of mean and standard deviations (SD). For comparing 
cytokines and indicators with the baseline, Meanchange, SDchange 
were calculated as follows: Meanchange=Meanfinal– Meanbaseline; 

SDchange =

√

SD2

baseline
+ SD2

final
−

(

2 × Corr × SDbaseline × SDfinal

) . 
Because the variables are moderately correlated, the value of cor-
relation was imputed as 0.5.49,50 For articles that reported medians 
with interquartile ranges, Mean = (First quartile + Median + Third 

quartile)/3, and SD were calculated via inverse cumulative distribu-
tion function (ICDF).51 For articles with data only shown in graphs, 
Getdata Graph Digitizer v2.5 was used to capture data.52

I2 index was reported for statistical heterogeneity between stud-
ies. Significant heterogeneity was determined among studies with I2 
> 50% and p- value less than 0.05. Subgroup analysis was conducted 
to determine the impact of surgery type, administration route, the 
timing of administration, dosage concentration, duration of OLV 
on inflammatory cytokine, and oxygenation indicator changes. 
Influence analysis was performed to assess the impact of some spe-
cific trials on overall effect size. Statistical significance was set at 
p < 0.05 (2- sided). Mean difference (MD) and 95% CIs were reported 
for all comparisons.
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