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Objective: Inflammatory cytokines are increased during one-lung ventilation in patients undergoing lung resection, and this increase can be fatal. Propofol and sevoflurane are the main anesthetics used for these patients. Unfortunately, there is no consensus on the best choice of an anesthetic agent concerning an inflammatory response in patients undergoing lung resection. This meta-analysis aimed to compare the effects of propofol and sevoflurane on the inflammatory response in patients undergoing lung resection.

Methods: We searched electronic databases to identify randomized controlled trials comparing the effects of different anesthetics (sevoflurane vs. propofol) on the inflammatory response. The primary outcome concerned the concentration of systemic inflammatory cytokines. The secondary outcomes concerned the concentrations of inflammatory cytokines in the bronchoalveolar lavage (BAL) fluid from the dependent and independent lung. Random effects analysis of the meta-analyses were performed to synthesize the evidence and to assess the concentrations of inflammatory factors in the sevoflurane and propofol groups.

Results: Eight trials involving 488 participants undergoing lung resection with one-lung ventilation were included. There was no significant difference in the concentrations of systemic interleukin (IL)-6, IL-10, or tumor necrosis factor α between the sevoflurane and propofol groups. Compared with the propofol group, BAL levels of IL-6 in the dependent ventilated lung were decreased in the sevoflurane group (three trials, 256 participants; standardized mean difference [SMD], −0.51; 95% confidence interval [CI], −0.90 to −0.11; p = 0.01; I2 = 46%). The BAL levels of IL-6 in the independent ventilated lung were also decreased by sevoflurane (four trials, 362 participants; SMD, −0.70; 95% [CI], −0.93 to −0.47; p < 0.00001; I2 = 0%).

Conclusions: There was no difference in the systemic inflammatory response between the sevoflurane and propofol groups. However, compared with propofol, sevoflurane can reduce the local alveolar inflammatory response. Additional research is necessary to confirm whether the inflammatory response is direct or indirect.
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INTRODUCTION

The incidence of lung cancer is currently increasing and lung resection is believed to be an important treatment for this malignancy (1). One-lung ventilation (OLV) is typically required during lung resection. The inflammatory response is activated intraoperatively; these responses are subsequently induced (2, 3). The primary cytokines released after surgery are interleukin (IL)-6 and tumor necrosis factor α (TNF-α). The initial response is the release of TNF-α by activated macrophages and monocytes in damaged tissue. This stimulates the production and release of more cytokines, particularly IL-6, which is the main cytokine in the acute phase response and is responsible for inducing systemic changes (4). Animal experiments showed that re-expansion of the lung after a short period of OLV caused the release of alveolar pro-inflammatory cytokines (5). The results from a human study suggested that intraoperative inflammatory cytokines were increased in patients undergoing thoracic surgery (5), and temporary lung collapse and surgical operations could enhance the expression of inflammatory mediators (3, 6, 7).

Cytokines play an important role in the inflammatory response to surgery and trauma (4); however, an excessive inflammatory response can lead to serious complications. The recruitment of neutrophils by pro-inflammatory cytokines leads to endothelial cell damage. These responses typically occur before systemic inflammatory response syndrome or acute respiratory distress syndrome (8). Although some cytokine responses may maintain homeostasis in patients undergoing cardiothoracic surgery, catabolic states induced by acute mediators can be severe or fatal (9). Moreover, inflammatory responses induced by OLV can be life-threatening in severe cases (10–12). Researchers suggested that increased inflammatory cytokines may be associated with pulmonary complications after pneumonectomy (13). Therefore, inhibiting these over-expressed inflammatory responses will help improve the clinical outcomes.

Propofol and sevoflurane are the main anesthetics used worldwide in patients undergoing lung resection. The differences between the effects of propofol and sevoflurane on the inflammatory response are controversial. A study by de la Gala et al. (14) showed that the inflammatory response in the lungs (and in the entire body) could be reduced by sevoflurane during pneumonectomy. However, a study by Schilling (3) found that sevoflurane could inhibit local alveolar inflammation but not the systemic inflammatory response. Furthermore, results in (15) indicate that the perioperative inflammatory reaction to propofol was lower compared with sevoflurane, and lung injury using propofol was lower compared with sevoflurane. Lee (8) found that sevoflurane could reduce the systemic increase of IL-6 at the end of surgery. Based on these results, the effects of sevoflurane and propofol on inflammatory responses have not been consistently determined.

The purpose of this meta-analysis was to compare the effects of sevoflurane and propofol on the inflammatory response in patients undergoing lung resection.



MATERIALS AND METHODS

A meta-analyses was conducted following the Cochrane Handbook for systemic Reviews of Interventions (16) and was reported in compliance with the Preferred Reporting Items for systemic Reviews and Meta-Analyses (PRISMA) statement (17). It was prospectively registered with the PROSPERO registry (CRD42020204577).


Eligibility Criteria

The eligibility criteria of the current study were as follows.

• Types of trials: Randomized controlled trials.

• Participants: Patients undergoing lung resection with OLV.

• Intervention types: Anesthesia maintained by propofol or sevoflurane.

• Types of outcome measures: The primary outcome was the concentration of systemic inflammatory cytokines. The secondary outcomes were the concentrations of inflammatory cytokines in the bronchoalveolar lavage (BAL) fluid from the dependent and independent lung.



Search Strategy

One reviewer (JL Y) searched PubMed, Embase, and the Cochrane Central Register of Controlled Trials through May 1, 2020, without any restrictions. A controlled vocabulary (the Medical Subject Headings indexing system for PubMed and the Embase subject headings indexing system for Embase) and keywords were used. Search terms included those related to OLV, sevoflurane, propofol, and their variants. The complete search strategy is available in Appendix 1 of this paper. Two reviewers (JL Y and K K) manually-checked the reference lists of eligible trials and existing reviews.



Trial Selection

Once the records were imported into EndNote reference management software (Clarivate Analytics), duplicate records were removed. Two reviewers (JL Y and B L) screened the titles and abstracts for relevance and labeled records as included, excluded, or uncertain. In the case of uncertainty, the full-text articles were retrieved to assess their eligibility. Disagreements were resolved by discussion with other reviewers.



Data Extraction

Two reviewers (JL Y and K K) independently extracted the data using a standardized form. We collected information on trial characteristics (year of publication, country of origin, and the number of patients), patient characteristics (age), intervention characteristics (anesthesia induction drug, anesthesia maintenance drug), and data on the primary and secondary outcomes. When we found duplicate reports for the same trial, we analyzed data from the most complete data set. Disagreements were resolved by discussion with other reviewers.

The data are expressed as the mean ± standard deviation (SD). If the study provided the median and interquartile range instead of the mean and SD, we calculated the mean and SD using the method developed by McGrath et al. (18). For reports that only provided figures and where no exact data were available (despite contact with the authors), we extracted exact means and SDs from the figures using the program Engauge Digitizer 5.1 (Mitchell, Engauge Digitizer, http://digitizer.sourceforge.net), which can read exact values by digitizing data points from an image file after manually setting the coordinate axis.



Risk-of-Bias Assessment

Two reviewers (JL Y and K K) independently assessed the risk of bias using the Cochrane Collaboration tool (19). We reviewed each trial and scored them as high, low, or unclear in terms of their risk involving the following domains: random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias), and other bias types. Blinding of participants and personnel is generally not feasible in studies of this nature but we believe that the impact of blinding on study quality is not a particular concern, in this case, based on the particular nature of the study. Thus, we considered the low risk of bias trials to be those for which all key domains except the blinding of participants and personnel were considered low risk bias factors. All other trials were categorized as having unclear or a high risk of bias. Disagreements were resolved by discussion with a third reviewer (J L).



Statistical Analysis

Review Manager (RevMan 5.3; Copenhagen: Nordic Cochrane Center Collaboration, 2014) was used for conducting the analysis. Differences are expressed as relative risks (RRs) with 95% confidence intervals (CIs) for dichotomous outcomes and standardized mean differences (SMDs) or weighted mean differences (WMDs) with 95% CIs for continuous outcomes. The SMD is the difference in mean outcome between groups divided by the standard deviation of the outcome variable among participants. Due to the variety of methods and units involved in the assessment of cytokine concentration levels among the different studies included, we adopted the SMD to standardize the study results to a uniform scale before combining them. Meta-analyses were performed using a random-effects model accounting for clinical heterogeneity. All analyses were performed based on the intention-to-treat principle. Statistical heterogeneity across trials was assessed by Cochran's Q test (with p < 0.1 indicating significance) and quantified by the I2 statistic (20). An I2 value exceeding 50% was considered to represent significant heterogeneity. Publication bias was not estimated because fewer than 10 studies were included.




RESULTS


Trial Selection and Characteristics

The Study Flow Diagram Is Shown in Figure 1. The initial search yielded 349 records. After removing duplicates and screening the titles and abstracts, 19 articles were deemed potentially eligible. After reviewing the full texts of the articles, eight trials (3, 7, 14, 15, 21–24) were included in the final analysis.


[image: Figure 1]
FIGURE 1. Flow diagram.



The Characteristics of the Included Trials

The eight included trials were published from 2009 to 2017, with sample sizes ranging from 36 to 174 subjects; in total, they included 488 subjects. In the sevoflurane group, the maintenance anesthetic was sevoflurane. In the propofol group, the maintenance anesthetic was propofol (Table 1).


Table 1. Main characteristics of randomized controlled trials included.
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Details of the Risk of Bias

Overall, two trials (3, 21) were categorized as having a low risk of bias, four trials (15, 22–24) had an unclear risk of bias, and two trials (7, 14) were categorized as having a high risk of bias (Figure 2).


[image: Figure 2]
FIGURE 2. Risk of bias summary.





Primary Outcome

The pooled results from the random-effects model combining the SMDs for systemic IL-6, IL-10, and TNF-α are shown in Figures 3–5, respectively.


[image: Figure 3]
FIGURE 3. Forest plot for the concentrations of systemic interleukin-6.



Interleukin-6 in the Plasma

Six studies (3, 14, 15, 22–24) with a total of 394 patients provided the plasma concentrations of IL-6. No significant difference was found in these concentrations between the groups (SMD, 0.67; 95% CI, −0.85 to 2.19; Figure 3).



Interleukin-10 in the Plasma

Four studies (14, 15, 23, 24) with a total number of 312 patients provided the plasma concentrations of IL-10. No significant difference in these concentrations was found between the groups (SMD, −0.85; 95% CI, −2.19 to 0.50; Figure 4).


[image: Figure 4]
FIGURE 4. Forest plot for the concentrations of systemic interleukin-10.




Tumor Necrosis Factor α in the Plasma

Four studies (3, 14, 15, 22) with a total number of 296 patients provided the plasma concentrations of TNF-α. No significant difference in these concentrations was found between the groups (SMD, −0.68; 95% CI, −2.03 to 0.67; Figure 5).


[image: Figure 5]
FIGURE 5. Forest plot for the concentrations of systemic tumor necrosis factor α.






SECONDARY OUTCOMES


Interleukin-6 in the Dependent Ventilated Lung

Three studies (3, 14, 21) investigated dependent alveolar concentrations of IL-6. In these studies, the concentrations of alveolar IL-6 were lower in the sevoflurane group than in the propofol group (SMD, −0.51; 95% CI, −0.90 to −0.11; p = 0.01; Figure 6).


[image: Figure 6]
FIGURE 6. Forest plot for the concentration of dependent alveolar interleukin-6.




Interleukin-8 in the Dependent Ventilated Lung

Three studies investigated alveolar concentrations of IL-8 (3, 14, 21); their pooled results (SMD, −1.69; 95% CI, −4.02 to 0.65; p = 0.16; Figure 7) indicated a declining but statistically insignificant trend for IL-8 levels in the sevoflurane group compared with the propofol group. However, we detected a marked degree of heterogeneity between the studies (I2 = 98%). To further explore the potential causes of this high heterogeneity, we performed a sensitivity analysis by omitting one study (14) at a time from our pooled data synthesis. The result of this analysis indicated that the difference between the two groups was not statistically significant; however, the heterogeneity was reduced, and the SMD (95% CI) was −0.57 (−1.22 to 0.07; I2 = 52%; p = 0.08).


[image: Figure 7]
FIGURE 7. Forest plot for the concentration of dependent alveolar interleukin-8.




Interleukin-6 in the Independent Ventilated Lung

Four studies (7, 14, 21, 22) investigated the independent alveolar concentrations of IL-6, among which concentrations were lower in the sevoflurane group compared with the propofol group (SMD, −0.70; 95% CI, −0.93 to −0.47; p < 0.01; Figure 8).


[image: Figure 8]
FIGURE 8. Forest plot for the concentration of independent alveolar interleukin-6.




Interleukin-8 in the Independent Ventilated Lung

No statistical heterogeneity was observed across trials (I2 = 0%). Three studies (7, 14, 21) investigated independent alveolar concentrations of IL-8, and the pooled results (SMD, −1.71; 95% CI, −4.01 to 0.59; p = 0.14; Figure 9) indicated a declining but statistically insignificant trend for IL-8 levels in the sevoflurane group compared with the propofol group. However, a marked degree of heterogeneity between the studies (I2 = 98%) was detected. To further explore the potential causes of this high heterogeneity, we performed a sensitivity analysis by omitting one study at a time from our pooled data synthesis. The result of this analysis was that the difference between the two groups was not statistically significant; however, the heterogeneity was reduced, and the mean difference (95% CI) was −0.60 (−1.10 to −0.10); s, I2 = 31%; p = 0.02.


[image: Figure 9]
FIGURE 9. Forest plot for the concentration of independent alveolar interleukin-8.




Tumor Necrosis Factor α in the Independent Ventilated Lung

Three studies (7, 14, 22) investigated independent alveolar concentrations of TNF-α, among which the concentrations were lower in the sevoflurane group compared with the propofol group (SMD, −1.44; 95% CI, −2.22 to −0.65; p < 0.001; Figure 10). However, we detected a marked degree of heterogeneity between the studies (I2 = 85%). To further explore the potential causes of this high heterogeneity, we performed a sensitivity analysis by omitting one study at a time from our pooled data synthesis. The result of this analysis was that the difference between the two groups was not statistically significant; however, the heterogeneity was reduced, and the mean difference (95% CI) was −1.81; 95% CI, −2.13 to −1.49; I2 = 0%; p < 0.001.


[image: Figure 10]
FIGURE 10. Forest plot for the concentration of independent alveolar tumor necrosis factor α.




Sensitivity Analysis

The results of this study showed high heterogeneity when comparing the differences in IL-8 between the two anesthetic drugs in the dependent lung. We conducted a sensitivity analysis on the results and found that the heterogeneity derived from a study by de la Gala et al. (14). Following a comparison, heterogeneity was found to have been primarily the result of the following. The main purpose of that study had been to investigate the effect of sevoflurane and propofol on the incidence of pulmonary complications. The inflammatory response was only a secondary outcome of this study and, as such, additional efforts are needed to further verify these results.

Only two studies discussed the dependent alveolar IL-10 and TNF-α concentrations, independent alveolar IL-10 concentrations, and plasma IL-8 concentrations. Accordingly, we did not analyze these studies. When analyzing the TNF-α levels in the dependent lung, the heterogeneity was found to be high. Following the sensitivity analysis, the heterogeneity was found to have been derived from the study of De Conno Elisena, in 2009. Although the heterogeneity was reduced to 2% following the removal of this study, there were only two studies left; therefore, the results obtained required further verification.

In the process of comparing the levels of systemic inflammatory cytokines, the heterogeneity of IL-6, IL-10, and TNF-α was found to be relatively large; therefore, we carried out a sensitivity analysis. After systemically removing the studies, we discovered the heterogeneity changes were relatively small, thus indicating that the results were stable and, as such, had a level of credibility. The sources of heterogeneity may have been related to the diverse range of study countries, different participant ages, different inflammatory factor measurement personnel, and variable alveolar lavage fluid and blood sampling times.




DISCUSSION

The objective of this meta-analysis, which included eight articles (488 patients), was to evaluate the effects of sevoflurane and propofol on inflammatory responses in patients undergoing lung resection with OLV. The results of this study showed no difference in systemic inflammatory factors (IL-6, IL-10, TNF-α) between the two groups. Compared with propofol, IL-6 in the dependent lung and IL-8 in the independent lung were decreased by sevoflurane.

For data expressed in the form of a median and interquartile range, we used the method provided by McGrath to convert the data into mean ± SD for analysis (18). During the analysis, data with obvious errors and with fewer than three references were discarded; excluded studies included those that investigated BAL levels of IL-10 and TNF-α in the dependent ventilated lung and BAL levels of IL-10 and TNF-α in the independent ventilated lung.

The inflammatory cytokine response is an important mechanism of the pulmonary inflammatory response induced by one-lung ventilation, and the mechanism of the inflammatory response between the dependent lung and independent lung is different during OLV. Mechanical ventilation of the dependent lung causes damage to the alveolar epithelium and releases pro-inflammatory cytokines, which are also released by collapse and re-inflation of the independent lung (25, 26). Therefore, the inflammatory response of the dependent and independent lung was analyzed separately in this study. A previous meta-analysis (27) showed that inhaled anesthetics (sevoflurane or desflurane) could reduce the intraoperative inflammatory response when compared with propofol; however, two surgical types were included in this particular study, which increased the heterogeneity of its results. In the present study, it is concluded that compared with propofol, sevoflurane can reduce the local inflammatory response of the ventilated and non-ventilated lung, which is supported by an existing study (27). However, the current study found no difference in the systemic inflammatory response between sevoflurane and propofol. Sevoflurane was found to play an anti-inflammatory role by activating the lung gamma-aminobutyric acid (A) signaling pathway, reducing alveolar cytokines and ultimately inhibiting pulmonary inflammation, thereby protecting the lungs from secondary attacks (28). One study showed that sevoflurane could not only change the expression of inflammatory mediators in alveolar epithelial cells but also affect the accumulation of neutrophils, thereby changing the inflammatory response (29, 30).

The above results are consistent with the conclusion of our meta-analysis, i.e., sevoflurane could reduce the inflammatory response of local alveoli. Our study showed that, compared with propofol, sevoflurane had an inhibitory effect on both dependent and independent alveolar inflammatory responses. The specific mechanism in this context is unclear, however, specifically, whether the effect on the independent pulmonary inflammatory response is direct or indirect still requires confirmation through additional research. Video-assisted thoracic surgery (VATS) has been developed greatly for patients with lung cancer. The previous study showed VATS induced less inflammatory response than open thoracic surgery (31). However, whether less inflammatory response following VATS contributes to improved clinical outcomes is unknown and more studies are needed to confirm the benefits of VATS for patients.

The results of this study showed that there was high heterogeneity when comparing IL-8 differences between the two anesthetic drugs in the dependent lung. We conducted a sensitivity analysis on the results and found that heterogeneity was derived from the study by de la Gala et al. (14).

In the process of comparing the levels of systemic inflammatory cytokines, it was found that the heterogeneity of IL-6, IL-10, and TNF-α was relatively large. As a result, we carried out a sensitivity analysis. After removing the studies systemically, we found that the heterogeneity changes were relatively small, indicating that the results were stable and, as such, had a level of credibility. The sources of heterogeneity may have been related to the different study countries, different participant ages, different inflammatory factor measurement personnel, and different alveolar lavage fluid measurements.

The present study includes some limitations. The eight included papers were studied in different regions including Asia (China), Africa (Egypt), and Europe (Germany, Spain, Switzerland, and Slovenia). Therefore, the results do not apply to patients in South America, North America, or Oceania.

In conclusion, there was no difference in the systemic inflammatory response between sevoflurane and propofol. However, compared with propofol, sevoflurane can reduce the local alveolar inflammatory response.
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