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Abstract 

Introduction:  The efficacy of dexmedetomidine supplementation for thoracoscopic surgery remains controversial. 
We conduct a systematic review and meta-analysis to explore the impact of dexmedetomidine for thoracoscopic 
surgery.

Methods:  We have searched PubMed, EMbase, Web of science, EBSCO, and Cochrane library databases through 
September 2020 for randomized controlled trials (RCTs) assessing the effect of dexmedetomidine supplementation 
on thoracoscopic surgery. This meta-analysis is performed using the random-effect model.

Results:  Six RCTs involving 510 patients are included in the meta-analysis. Overall, compared with control group for 
thoracoscopic surgery, dexmedetomidine supplementation results in significantly reduced pain scores (SMD = − 1.50; 
95% CI = − 2.63–− 0.37; P = 0.009), anesthetic consumption (SMD = − 3.91; 95% CI = − 6.76–− 1.05; P = 0.007), 
mean heart rate (SMD = − 0.41; 95% CI = − 0.65–− 0.18; P = 0.0007), and the risk ratio (RR) of ICU stay (RR = 0.39; 95% 
CI = 0.19–0.80; P = 0.01), but showed no obvious effect on mean blood pressure (SMD = − 0.07; 95% CI = − 0.45–0.31; 
P = 0.72) or hospital stay (SMD = − 0.61; 95% CI = − 1.30–0.08; P = 0.08).

Conclusions:  Dexmedetomidine supplementation can substantially improve the analgesic efficacy for thoracoscopic 
surgery.

Keywords:  Dexmedetomidine, Thoracoscopic surgery, Analgesic efficacy, Randomized controlled trials

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Thoracoscopic surgery is widely used to treat various 
diseases such as esophageal cancer and lung cancer. It 
results the smaller incision, less pain and inflammatory 
response, reduced recovery times compared to tradi-
tional surgery [1–3]. The pain commonly occurs after the 
surgery, and negatively affects the postoperative recov-
ery. Various analgesic regimens have developed for the 
pain management after thoracoscopic surgery, and they 

mainly include pharmacologic and regional interventions 
(e.g. nerve block) [4–7].

Dexmedetomidine, a short-acting α2 -adrenoceptor 
agonist, is reported to provide the sedation and analge-
sia for various surgeries [8, 9]. Studies demonstrated that 
dexmedetomidine attenuated surgical stress responses in 
patients undergoing surgery, and is effective and safe to 
improve the analgesic efficacy when serving as an adjunc-
tive analgesic [10, 11]. Previous trials demonstrated that 
dexmedetomidine had opioid-sparing properties, maxi-
mized pain relief and minimized analgesic-related side 
effects [12–14].

However, the efficacy of dexmedetomidine supple-
mentation for thoracoscopic surgery has not been well 
established. Recently, several studies on the topic have 
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been published, and the results were conflicting [7, 
15–17]. For instance, two studies reported that dexme-
detomidine supplementation could significantly reduce 
postoperative pain scores for thoracoscopic surgery [16, 
18], but another study found no benefits to pain control 
after using dexmedetomidine supplementation for thora-
coscopic surgery [7]. With accumulating evidence, we 
therefore perform a systematic review and meta-analysis 
of RCTs to investigate the analgesic efficacy of dexme-
detomidine supplementation for thoracoscopic surgery.

Materials and methods
Ethical approval and patient consent are not required 
because this is a systematic review and meta-analysis of 
previously published studies. The systematic review and 
meta-analysis are conducted and reported in adherence 
to PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) [19].

Search strategy and study selection
Two investigators have independently searched the fol-
lowing databases (inception to September 2020): Pub-
Med, EMbase, Web of science, EBSCO, and Cochrane 
library databases. The electronic search strategy was 
conducted using the following keywords: “dexmedeto-
midine”, and “thoracoscopic” or “thoracoscopy”. We also 
check the reference lists of the screened full-text studies 
to identify other potentially eligible trials.

The inclusive selection criteria are as follows: (i) 
patients underwent thoracoscopic surgery; (ii) inter-
vention treatments were intravenous dexmedetomidine 
supplementation versus no dexmedetomidine; (iii) study 
design was RCT.

Data extraction and outcome measures
We have extracted the following information: author, 
number of patients, age, sex, body mass index, American 
Society of Anesthesiologists (ASA) and detail methods in 
each group. The ASA Physical Status Classification Sys-
tem is the most widely used system globally to describe 
a patient’s preoperative medical condition. The four cat-
egories (P1–P4) in the classification have changed lit-
tle since they were first proposed in 1941 [20]. Data 
were extracted independently by two investigators, and 
discrepancies are resolved by consensus. We also con-
tacted the corresponding author to obtain the data when 
necessary.

The primary outcome was pain scores. Secondary out-
comes included analgesic consumption, mean heart rate 
and blood pressure, ICU stay, and hospital stay.

Quality assessment in individual studies
Methodological quality of the included studies is inde-
pendently evaluated using the Jadad scale [21]. There 
are 3 items for Jadad scale: randomization (0–2 points), 
blinding (0–2 points), dropouts and withdrawals (0–1 
points). The score of Jadad Scale varies from 0 to 5 points. 
An article with Jadad score ≤ 2 is considered to be of low 
quality. If the Jadad score ≥ 3, the study is thought to be 
of high quality [22].

Statistical analysis
We estimate the standard mean difference (SMD) with 
95% confidence interval (CI) for continuous outcomes 
(pain scores, analgesic consumption, mean heart rate and 
blood pressure, and hospital stay) and relative risk (RR) 
with 95% CI for dichotomous outcomes (ICU stay). The 
random-effects model was used regardless of hetero-
geneity. Heterogeneity was reported using the I2 statis-
tic, and I2 > 50% indicated significant heterogeneity [23]. 
Whenever significant heterogeneity was present, we 
searched for potential sources of heterogeneity via omit-
ting one study in turn for the meta-analysis or perform-
ing subgroup analysis. Publication bias was not evaluated 
because of the limited number (< 10) of included stud-
ies. All statistical analyses were performed using Review 
Manager Version 5.3 (The Cochrane Collaboration, Soft-
ware Update, Oxford, UK).

Results
Literature search, study characteristics and quality 
assessment
A detailed flowchart of the search and selection results 
was shown in Additional file  1: Fig.  S1. 239 potentially 
relevant articles are identified initially. Finally, six RCTs 
that meet our inclusion criteria are included in the meta-
analysis [7, 15–18, 24].

The baseline characteristics of the six eligible RCTs in 
the meta-analysis were summarized in Table  1. The six 
studies were published between 2016 and 2020, and the 
total sample size was 510. Dexmedetomidine was used 
before the anesthesia [7, 15, 18, 24], or during surgery 
[16, 17].

Among the six studies included here, three studies 
reported pain scores [15, 16, 18], three studies reported 
analgesic consumption [7, 16, 18], four studies reported 
mean heart rate and blood pressure [7, 15, 17, 18], three 
studies reported ICU stay [15, 17, 24], and three studies 
reported hospital stay [17, 18, 24]. Jadad scores of the six 
included studies vary from 3 to 5, and all six studies are 
considered to be high-quality ones according to quality 
assessment.
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Primary outcome: pain scores
This outcome data was analyzed with the random-effects 
model, and the pooled estimate of the three included 
RCTs suggested that compared to control group for 
thoracoscopic surgery, dexmedetomidine was associ-
ated with significantly reduced pain scores (SMD = -1.50; 
95% CI = -2.63 to -0.37; P = 0.009), with significant het-
erogeneity among the studies (I2 = 95%, heterogeneity 
P < 0.00001) (Fig. 1).

Sensitivity analysis
Significant heterogeneity is observed among the included 
studies for the primary outcomes, but there is still sig-
nificant heterogeneity after when performing sensitivity 
analysis via omitting one study in turn to detect the het-
erogeneity (I2 ranging from 89 to 97%). In addition, we 

perform the subgroup analysis based on dexmedetomi-
dine supplementation before vs during surgery, but there 
is still significant heterogeneity (I2 = 89%). The results 
find that dexmedetomidine supplementation results in 
substantially reduced pain scores when administered 
before surgery (P = 0.02) and during surgery (P < 0.0001, 
Fig. 2).

Secondary outcomes
Compared to control group for thoracoscopic surgery, 
dexmedetomidine can significantly reduce anesthetic 
consumption (SMD = −  3.91; 95% CI = -6.76–−  1.05; 
P = 0.007; Fig.  3) and mean heart rate (SMD = −  0.41; 
95% CI = −  0.65–−  0.18; P = 0.0007; Fig.  4), but 
has no important impact on mean blood pressure 

Fig. 1  Forest plot for the meta-analysis of pain scores

Fig. 2  Subgroup analysis of pain scores based on dexmedetomidine supplementation before surgery versus during surgery

Fig. 3  Forest plot for the meta-analysis of analgesic consumption
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(SMD = − 0.07; 95% CI = − 0.45–0.31; P = 0.72; Fig. 5). 
In addition, dexmedetomidine was associated with 
the decrease in the RR of ICU stay (RR = 0.39; 95% 
CI = 0.19–0.80; P = 0.01; Fig. 6), but revealed no effect 
on hospital stay (SMD = −  0.61; 95% CI = −  1.30 to 
0.08; P = 0.08; Fig. 7).

Discussion
Thoracoscopic surgery has been widely used to treat lung 
cancer because of its minimally invasion, less postop-
erative pain and shortened hospital stay compared with 
open thoracotomy [25]. Postoperative pain manage-
ment, particularly early postoperative pain, still remains 
a matter of concern for many anesthesiologists and these 

Fig. 4  Forest plot for the meta-analysis of mean heart rate

Fig. 5  Forest plot for the meta-analysis of mean blood pressure

Fig. 6  Forest plot for the meta-analysis of ICU stay

Fig. 7  Forest plot for the meta-analysis of hospital stay
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patients [26, 27]. Opioids are essential during surgery, 
and many methods are developed to reduce opioid con-
sumption due to the side effects such as delayed recovery 
from general anesthesia, opioid-induced nausea, and res-
piratory depression [28, 29].

Intraoperative dexmedetomidine was reported to 
improve the effects of postoperative analgesia [30–32]. 
It showed analgesic, sedative and anxiolytic effects, and 
avoided respiratory depression and the inhibitory effect 
of sympathetic stimulation as an adjunct to general anes-
thesia [8]. Our meta-analysis included six RCTs and 510 
patients. The results revealed that intravenous dexme-
detomidine was associated with substantially reduced 
pain scores, anesthetic consumption, the RR of ICU stay 
and mean heart rate after thoracoscopic surgery, but 
showed no obvious influence on mean blood pressure or 
hospital stay.

In addition, dexmedetomidine benefited to maintain 
the stability of the cardiovascular system and decrease 
the stress response [10]. Intraoperative infusion of dex-
medetomidine decreased both norepinephrine and epi-
nephrine. Dexmedetomidine can decrease the release 
of catecholamines and has analgesic, anxiolytic, and 
hypnotic effects [33]. Regarding the sensitivity analysis, 
there is significant heterogeneity. Several reasons may 
account for the heterogeneity. Firstly, different doses 
and methods of dexmedetomidine supplementation may 
produce some bias. For instance, Dexmedetomidine was 
used before the anesthesia [7, 15, 18, 24] or during sur-
gery [16, 17]. Secondly, dexmedetomidine was applied 
as the adjunct to different drugs such as oxycodone and 
sevoflurane, which may result in various analgesic effect. 
Thirdly, different operation procedures produces various 
pain intensity, which may affect the pooling results.

This meta-analysis has several potential limitations. 
Firstly, our analysis is based on only six RCTs, and three 
of them have a relatively small sample size (n < 100). 
Overestimation of the treatment effect was more likely 
in smaller trials compared with larger samples. Next, the 
doses, methods and combination of anesthetic drugs in 
included RCTs are different, which may have an influ-
ence on the pooling results. Finally, thoracoscopic sur-
geries are performed for various diseases and operation 
procedures.

Conclusions
Dexmedetomidine benefits to improve the analgesic effi-
cacy for thoracoscopic surgery.
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