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Abstract

Introduction: Dexmedetomidine improves intrapulmonary shunt in thoracic surgery and
minimizes inflammatory response during one-lung ventilation (OLV). However, it is unclear
whether such benefits translate into less postoperative pulmonary complications (PPCs). Our
objective was to determine the impact of dexmedetomidine on the incidence of PPCs after thoracic
surgery.

Methods: Major databases were used to identify randomized trials that compared
dexmedetomidine versus placebo during thoracic surgery in terms of PPCs. Our primary outcome
was atelectasis within 7 days after surgery. Other specific PPCs included hypoxemia, pneumonia,
and acute respiratory distress syndrome (ARDS). Secondary outcome included intraoperative
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respiratory mechanics (respiratory compliance [Cdyn]) and postoperative lung function (forced
expiratory volume [FEV1]). Random effects models were used to estimate odds ratios (OR).

Results: Twelve randomized trials, including 365 patients in the dexmedetomidine group and
359 in the placebo group, were analyzed in this meta-analysis. Patients in the dexmedetomidine
group were less likely to develop postoperative atelectasis (2.3% vs 6.8%, OR 0.42, 95%CI
0.18-0.95, P=0.04; low certainty) and hypoxemia (3.4% vs 11.7%, OR 0.26, 95%CI 0.10-0.68,
P=0.01; moderate certainty) compared to the placebo group. The incidence of postoperative
pneumonia (3.2% vs 5.8%, OR 0.57, 95%CI 0.25-1.26, A= 0.17; moderate certainty) or ARDS
(0.9% vs 3.5%, OR 0.39, 95%CI 0.07-2.08, £=0.27; moderate certainty) was comparable
between groups. Both intraoperative Cdyn and postoperative FEV1 were higher among patients
that received dexmedetomidine with a mean difference of 4.42 mL/cmH,0 (95%CI 3.13-5.72)
and 0.27 L (95%CI 0.12-0.41), respectively.

Conclusion: Dexmedetomidine administration during thoracic surgery may potentially reduce
the risk of postoperative atelectasis and hypoxemia. However, current evidence is insufficient to
demonstrate an effect on pneumonia or ARDS.

Keywords

Dexmedetomidine; Thoracic surgery; Pulmonary atelectasis; Pneumonia; Hypoxemia; Lung
compliance

1. Introduction

One-lung ventilation (OLV) is commonly used in thoracic surgery to facilitate access to the
operative site. The non-physiologic collapse of the operative lung and overdistention of the
contralateral lung may result in postoperative lung injury due to alveolar strain, oxidative
stress, ischemia-reperfusion, and damage of the endothelial glycocalyx [1]. It is therefore
necessary to implement evidence-based interventions targeting protective lung ventilation
strategy including low tidal volume (i.e., low tidal volume TV [< 6 mL/kg] and use of
positive end-expiratory pressure [PEEP]) [2,3], parenchymal-sparing lung resections [4],
judicious perioperative fluid administration and selective use of anesthetics shown to have
minimal effect on adaptive physiologic processes such as respiratory drive and hypoxic
pulmonary vasoconstriction (HPV) [5].

Dexmedetomidine is an alpha-2 (a2) agonist with analgesic and sedation properties that
has increasingly been used to reduce postoperative opioid consumption [6]. In experimental
models under OLV, dexmedetomidine has been shown to minimize mechanical ventilation-
induced lung injury through the inhibition of inflammatory pathways [7], thus enhancing
pulmonary function recovery and improving respiratory mechanics [7-9]. There is also
clinical evidence to suggest dexmedetomidine may improve respiratory mechanics as

well as to prevent non-cardiopulmonary complications in adult cardiac and noncardiac
surgical patients [10-12], Despite growing evidence of the physiological benefits of
dexmedetomidine, the statistical power of individual studies has not been sufficient to draw
definitive conclusions. We hypothesized that dexmedetomidine may improve pulmonary
outcomes after thoracic surgery under OLV. The primary objective of this study was
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to investigate the effects of dexmedetomidine on postoperative pulmonary complications
(PPCs) after thoracic surgery through the pooled analysis of randomized trials available in
the literature.

2. Methods

Design.

We conducted a systematic review and meta-analysis following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) and Cochrane guidelines.
Study protocol was pre-registered in PROSPERO (CRD42022383244), which was amended
to include the additional secondary outcomes: intraoperative respiratory mechanics
(dynamic respiratory compliance [Cdyn]), peak inspiratory pressure, plateau pressure, and
postoperative lung function (forced expiratory volume [FEV1]).

Inclusion and exclusion criteria.

Outcomes.

Five major databases (PubMed, Embase, Web of Science, Google Scholar, and the China
National Knowledge Infrastructure) were used to identify randomized trials that assessed the
impact of intraoperative intravenous dexmedetomidine infusion versus placebo on PPCs in
thoracic surgery. Search strategy included the following MeSH terms: “thoracic surgery”,
“dexmedetomidine”, “pulmonary complications”, “thoracoscopy”, “one-lung ventilation”,
“lobectomy”, “segmentectomy”, from inception to January 5th, 2023. We applied no
language restrictions. Exclusion criteria were observational studies, use of additional
anesthetic adjuncts (e.g., ketamine, nitric oxide), lack of pulmonary outcomes, inhaled
administration of study drugs, and cardiac surgeries. Literature search was conducted by two
researchers independently. References of studies were also searched manually for relevant
trials. Once the abstract was analyzed by the searching reviewer and deemed appropriate,
we further studied the full text of the article. In the event of a disagreement, it was resolved
through discussion. A third author (M.C.G.) was consulted when there were disagreements
in the inclusion of articles. Data were abstracted into a standardized format in Microsoft
Excel 2016 (Microsoft Corp, Redmond, Washington, USA). Extracted data pertained to

the demographic profile of the patients, country of the trial, disease, procedure performed,
surgical approach, anesthetic technique, sample size, incidence of pulmonary complications,
infusion rate of dexmedetomidine, use of loading dose. We searched cross-references of
relevant articles to ensure enrollment of all eligible studies.

Our primary outcome was postoperative atelectasis within 7 days after surgery. We also
assessed other specific PPCs, such as pneumonia, hypoxemia, and acute respiratory distress
syndrome (ARDS) within 7 days after surgery. For this meta-analysis, we did not restrict
our analysis to a specific outcome definition. Secondary outcome included intraoperative
respiratory mechanics (respiratory compliance [Cdyn]) measured 30 min after OLV and
postoperative lung function (forced expiratory volume [FEV1]) measured on postoperative
day (POD) 1 and 2. Data extraction was performed by two independent researchers.
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Methodological quality assessment.

We used the Cochrane risk of bias assessment tool to assess risk of bias. Each

randomized trial was assessed based on seven domains of potential bias (random

sequence generation, allocation concealment, blinding of intervention, blinding of outcome
assessment, incomplete outcome data, selection reporting and other bias). The overall risk of
bias of individual studies was classified as high risk if at least two domains were determined
at high risk or if there were more than two domains of unclear risk, moderate risk if at

least two domains were determined at unclear risk, and low risk if all the domains were
determined at low risk.

Certainty of the evidence.

The GRADE (grading of recommendations, assessment, development, and evaluation)
system was used to assess the quality of evidence as high, moderate, low, or very low.

Statistical analysis.

For dichotomous outcomes, pooled odds ratios (OR) were used to estimate the effect

size of dexmedetomidine. We used random-effects modeling (DerSimonian and Laird) to
perform this metaanalysis. The 95% confidence intervals (CI) were calculated using the
Mantel-Haenszel method. For continuous outcomes (e.g., FEV1 and Cdyn), mean difference
was computed at the study level and standardized mean difference (SMD) was calculated

to pool the results across all studies. The extent of heterogeneity between the trials

was quantified using the 12 statistic. Publication bias was estimated using the Begg and
Egger’s test, although the value of such testing was only applied for meta-analysis of >10
studies. We planned to conduct subgroup analyses by type of anesthesia (total intravenous
anesthesia [TIVA] versus inhaled), lung protective ventilation settings (TV < 6 mL/kg), and
surgical approach (open vs minimally invasive). A p-value <0.05 was considered statistically
significant. Statistical analysis was performed using Stata 13.0 (Stata Corp, College Station,
TX). We also used trial sequential analysis (TSA) to estimate and correct for the effect

of smaller trials which are often overruled when results from adequately powered studies
emerged. We used Trial Sequential Analysis software 0.9.

3. Results

Study characteristics.

Of the initial 747 articles initially obtained from the literature search, 90 trials were filtered
after excluding duplicates (7= 260) and screening title and abstracts (n7 = 397). We excluded
49 articles due to their retrospective design, 27 due to the lack of pulmonary outcomes, 1
trial that used a bundle of other interventions, and 1 trial that used inhaled dexmedetomidine.
In total twelve randomized trials [13-24], comprising 365 patients in the dexmedetomidine
group and 359 in the placebo group, were included and analyzed in this meta-analysis (Table
1). In all trials the intervention group consisted of a loading dose (1.g/kg) followed by an
infusion of dexmedetomidine (0.3-0.5x9/kg/h), except for 2 trials that only used continuous
infusion without loading dose. Eight trials were conducted in China, and 4 from other

Asian countries (i.e., 1 from India, 2 from Korea, and 1 from Taiwan). Six trials used lung
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protective ventilation strategies (TV < 6 mL/kg), 2 trials did not use protective ventilation,
and 3 did not report ventilator parameters. Fig. 1 illustrates the flowchart for the section of
articles in this meta-analysis.

Pulmonary complications.

Nine trials reported data of one or more postoperative pulmonary complications. Patients in
the dexmedetomidine group were less likely to develop atelectasis (2.3% vs 6.8%, OR 0.42,
95%Cl 0.18-0.95, P=0.04; 12 = 0%, P for heterogeneity = 0.71; Fig. 2) and hypoxemia
(3.4% vs 11.7%, OR 0.26, 95%Cl 0.10-0.68, 2= 0.01; 12 = 0%, P for heterogeneity = 0.97;
Supplemental Fig. 1) compared to the placebo group. There was small, but not statistically
significant difference in the incidence of postoperative pneumonia (3.2% vs 5.8%, OR 0.57,
95%CI 0.25-1.26, P=0.17; 12 = 0%, P for heterogeneity = 0.94; Fig. 3) and ARDS (OR
0.39, 95%CI 0.07-2.08, P=0.27; 12 = 0%, P for heterogeneity = 0.97; Supplemental Fig. 2).

For both the primary and secondary outcomes, we examined the sensitivity of the summary
estimates to the omission of each study [25]. This sensitivity analysis did not reveal

a significant effect for all pulmonary complications after removing trials sequentially
(Supplemental Fig. 3). Influence trial analysis showed variable results (Supplemental Fig.
4), most importantly Zhang et al. for atelectasis and Shi et al. for hypoxemia. There was
evidence of statistically significant publication bias (Egger’s test = 0.02) and asymmetry
in the funnel plot for atelectasis (Supplemental Fig. 5). For both the primary and secondary
outcomes, we examined the sensitivity of the results to the Hartung-Knapp-Sidik-Jonkman
modification for random-effects meta-analysis by applying this modification [26,27]. In all
cases, the modification does not produce wider confidence intervals.

Secondary outcomes.

Five trials reported the effect of dexmedetomidine on intraoperative respiratory mechanics,
and only two trials reported results of postoperative lung function (i.e., FEV1).

After 30 min of OLV, Cdyn was significantly higher among patients that received
dexmedetomidine with a mean difference of 4.42 mL/cm?20 (95%CI 3.13-5.72, 12 =

0%, P for heterogeneity = 0.80; Supplemental Fig. 3), while plateau pressures were
significantly lower with a mean difference of —2.59 (95%CI —4.56 to —0.62, 12 = 85%,

P for heterogeneity<0.01; Supplemental Fig. 6). Postoperatively, lung function was slightly
better in the dexmedetomidine group at POD 1 (FEV1 0.29 L, 95%CI 0.10-0.49, |2 =

54%, P for heterogeneity = 0.14; Supplemental Fig. 7) and POD 2 (FEV1 0.27 L, 95%ClI
0.12-0.41, 12 = 0%, P for heterogeneity = 0.80; Supplemental Fig. 7) compared to the
placebo group. Length of hospital stay was reported in 5 trials. Although patients who
received dexmedetomidine experienced shorter length of hospital stay compared to placebo
(MD -0.85, 95%CI —1.56 to —0.15, £=0.018, |12 = 18%, P for heterogeneity = 0.29;
Supplemental Fig. 8), the results failed to reach statistical significance after the exclusion of
Jannu et al as part of the sensitivity analysis (MD —0.58, 95%CI —1.22 to 0.06, 2= 0.078, 12
= 0%, P for heterogeneity = 0.96).
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Subgroup analysis.

Analysis by type of anesthesia (total intravenous anesthesia [TIVA] versus inhaled
anesthesia) showed no evidence of subgroup effects for atelectasis (OR 0.32, 95%CI 0.07-
1.37, P=0.12 among TIVA trials vs OR 0.41, 95%CI 0.16-1.09, P = 0.07 among inhaled
anesthetic trials) or pneumonia (OR 0.58, 95%CI 0.20-1.65, A= 0.31 among TIVA trials
vs OR 0.63, 95%CI 0.16-2.45, £=0.50 among inhaled anesthetic trials). The protective
effect of dexmedetomidine against postoperative atelectasis remained in the subgroup of
trials that used low tidal volume (TV < 6 mL/kg, OR 0.12, 95% 0.02-0.67; Supplemental
Fig. 9), but lost statistical significance for those with high tidal volume (TV > 6 mL/kg, OR
0.38, 95%CI 0.07-2.07). There was no effect on the rates of pneumonia in both subgroups
(Supplemental Fig. 10). Due to the limited number of studies, we were not able not conduct
subgroup analyses by surgical approach as well as for secondary outcomes.

Risk of bias and certainty of evidence.

The trials included in this meta-analysis had low to moderate risk of bias. Supplemental Fig.
11 shows the summary of the risk of bias assessment, which raised important considerations
regarding the lack of personnel blinding (6 trials) and allocation concealment (4 trials). The
certainty of the evidence was low for atelectasis due to risk of bias and inconsistencies

in sensitivity analysis (Table 2). There was moderate certainty of the rest of pulmonary
outcomes.

4. Discussion

This meta-analysis including 724 patients from 12 randomized controlled trials analyzed
the impact of intraoperative dexmedetomidine on pulmonary outcomes after thoracic
surgery. We found that intraoperative dexmedetomidine may potentially reduce the risk of
postoperative atelectasis and hypoxemia. We also observed an improvement in respiratory
mechanics (e.g., Cdyn and plateau pressure) during OLV among patients receiving
dexmedetomidine. The level of certainty of the current clinical evidence is low to moderate,
which highlights the need of further studies with better methodological quality and larger
sample size.

Dexmedetomidine is has been investigated for a wide array of potentially beneficial effects
in the perioperative setting. It is increasingly utilized as an opioid-sparing anesthetic,
largely due to its limited impact on respiratory drive [28]. Recent evidence has shown
several benefits of dexmedetomidine in cardiothoracic surgery, including reduced incidence
of AKI and postoperative delirium [10]. There is also evidence that dexmedetomidine

may be protective against myocardial ischemia [29,30]. Our meta-analysis demonstrated
that patients who received intraoperative dexmedetomidine during OLV experienced less
postoperative atelectasis and improved oxygenation. Some postulate that dexmedetomidine
has a direct anti-inflammatory effect through the inhibition of a cascade of cytokines

(i.e., TNF, IL-1, IL-6, IL-8) and lipid peroxidation [8], which are partially responsible for
acute lung injury [31]. Other studies have demonstrated lower ventilation/perfusion (V/Q)
mismatch after dexmedetomidine administration, which may explain improved postoperative
oxygenation. Similarly, histopathological studies have shown less alveolar damage after
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dexmedetomidine administration, which can be attributed to the attenuation of ischemia-
reperfusion due to sympatholytic effects as well as preservation of the glycocalyx [32-34].
Supplemental Table 1 summarizes the postulated mechanisms of lung protection that have
been associated with dexmedetomidine.

Optimizing respiratory mechanics during thoracic surgery can be challenging due to
ventilation of a single lung and changes in respiratory compliance due to extrinsic

forces (i.e., mediastinum shift from gravity and limited diaphragmatic excursion) [31].

In addition to the implementation of lung protective strategies (i.e., low tidal volume
ventilation and alveolar recruitment) [35], dexmedetomidine has been studied as a potential
pharmacological intervention to minimize lung injury secondary to OLV. It is thought

that dexmedetomidine enhances hypoxic pulmonary vasoconstriction by increasing nitric
oxide in lung circulation, thereby decreasing shunt fraction and improving oxygenation
[36]. Additionally, dexmedetomidine enhances airway smooth muscle relaxation through
inhibition of alpha-2 adrenoreceptors [37].

This study has several limitations. First, all included trials were small in sample size

and event number, with fewer than 5 events in each treatment group for all trials. As

a result, we observed wide confidence intervals for all meta-analyzed effect estimates,
including intervals overlapping the null for the outcomes of pneumonia and ARDS.
Larger trials are needed to understand whether there is a clinically significant difference
in the incidence of these uncommon events between treatment groups. Additionally, the
specific definition of the outcomes was not always reported and could vary significantly
between the trials. Similarly, there was high heterogeneity in studies examining plateau
pressures and pulmonary function tests. Second, trial characteristics varied with respect to
dexmedetomidine loading dose and infusion rate, type of anesthesia, ventilatory settings,
and resection type. We attempted to mitigate potential heterogeneity through use of a
random effects model, which does not assume a fixed treatment effect across studies. It

is also unclear whether fluid management strategy, duration of OLV, and need of blood
transfusions could affect the protective effect of dexmedetomidine. Additionally, the 12 value
was 0% for all assessed effects, suggesting minimal to no intra-study effect heterogeneity.
Third, most of the trials included in meta-analysis were performed in Asia, thus limiting
the extrapolation of our results to other places Finally, the GRADE assessment of the
certainty of the evidence was moderate for the outcomes of hypoxemia, pneumonia, and
ARDS, but low for atelectasis. This, combined with likely publication bias for atelectasis,
suggests that further studies with larger sample size are needed to understand the impact of
dexmedetomidine on this outcome.

In conclusion, dexmedetomidine administration (infused at a rate of 0.3-0.5pg/kg/h with
or without loading dose) during thoracic surgery may potentially reduce the risk of
postoperative atelectasis and hypoxemia. Dexmedetomidine may also improve respiratory
mechanics during OLV.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

Translational research has demonstrated that dexmedetomidine minimizes
inflammatory response during one-lung ventilation.

Our meta-analysis aimed to determine whether dexmedetomidine reduces
pulmonary complications after thoracic surgery.

Dexmedetomidine administration reduces atelectasis and improves
oxygenation in the postoperative period.

The current evidence is not sufficient to demonstrate any effect of
dexmedetomidine on postoperative pneumonia.

A large, randomized trial is warranted to further clarify the potential benefit
of dexmedetomidine on pulmonary outcomes
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KeyPoints
Question:

Does dexmedetomidine reduce the risk of postoperative pulmonary complications and
improve intraoperative respiratory mechanics in thoracic surgery?

Findings:

Dexmedetomidine reduces the odds of postoperative atelectasis and hypoxemia by 46%
and 57%, respectively, but there is insufficient evidence to determine whether there is an
effect pneumonia or respiratory distress.

Interpretation:

Dexmedetomidine may have beneficial effects to protect against postoperative atelectasis
and hypoxemia.
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Central message

Dexmedetomidine administration compared to placebo during thoracic surgery may
potentially reduce atelectasis and improve oxygenation in the postoperative period. The
current evidence is not sufficient to demonstrate any effect of dexmedetomidine on
postoperative pneumonia.
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Perspective

A large, randomized trial is warranted to further clarify the potential benefit of
dexmedetomidine on pulmonary outcomes after thoracic surgery.
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Fig. 1.

PRISMA flowchart of trial selection.
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Fig. 2.
Forest plot for the impact of dexmedetomidine on postoperative atelectasis in thoracic
surgery.
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Fig. 3.

Forest plot for the impact of dexmedetomidine on postoperative pneumonia in thoracic

surgery.
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