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Background: Electrocautery and staplers are regarded as the two most common surgical instruments for dissecting the intersegmental plane in segmentectomy. We performed a meta-analysis to compare electrocautery and staplers in terms of their safety and effects.

Methods: A systematic search strategy was performed using PubMed, and the retrieval time was up to April 1, 2020. Odds ratio (OR) and mean differences (MDs) with 95% CI were applied to determine the effectiveness of dichotomous or continuous variables, respectively.

Results: Six studies including 385 patients were included. The electrocautery had a higher incidence rate of postoperative complication [OR= 1.92, 95% CI (1.12, 3.28), P = 0.02)] and air leak [OR: 3.91, 95% CI (1.64, 9.35), P = 0.002)]. No significant difference was found in the comparison of surgery time, blood loss, and duration of tube days or hospitality days.

Conclusions: Our study indicated that patients under segmentectomy were associated with better safety by using stapler than electrocautery in the reduction of postoperative complications.
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INTRODUCTION

Lung cancer has been primary cancer with the highest incidence rate around the world. It is the leading cause of cancer-related mortality. Based on the eighth National Comprehensive Cancer Network (NCCN) guidelines of non-small cell lung cancer, segmentectomy is one of the most frequently used radical operations for early-stage lung cancer (1, 2). This procedure applies to the early-stage or “limited” primary tumor that does not invade into the 1 cm line to the border of the located segment. Segmentectomy has the advantages of preservation of pulmonary function (3), a shorter hospital stay, and fewer postoperative complications over lobectomy (4–6). This operation has also been confirmed safe (7, 8). The recognition and division of intersegmental planes are the key steps in segmentectomy (9). Two surgical instruments are recommended for the approach to intersegmental planes, namely, electrocautery and staplers (2). However, further investigations are required to compare these two instruments. In this study, we performed a review and a meta-analysis to compare the short-term safety of the intersegmental plane division between electrocautery and staplers.



METHODS


Literature Review and Data Extraction

A systematic literature review was performed on April 1, 2020, using the search term [“intersegmental” (Mesh)] plane in PubMed. All reported pulmonary segmentectomy (including open surgery and video-assisted thoracoscopic surgery) for primary lung cancer was screened. Prospective and retrospective studies comparing the usage of electrocautery and stapler in segmentectomy were included in this meta-analysis. The information of surgery performed under either open surgery or minimally invasive surgery was included, and patients were divided into two groups based on the surgical instruments for separating the levels between segments. The electrocautery group adopted electrocautery as the main approach, while the stapler group mainly used the staplers, with or without using electrocautery as the assistant method. Besides, studies written in English or Chinese were included as long as the data were recorded in English and can be completely approached. The exclusion criteria included the following: (1) Complete data of operative information of patients were not approached, (2) studies with only one group of one instrument and no comparison, (3) comparison with other surgical instruments instead of electrocautery and staplers, (4) no sublobular resection or segmentectomy for the surgical method of lung cancer, and (5) the types of articles that were not available, such as abstracts, reviews, letters, book chapters, animal experiments, and case reports.

Two researchers independently extracted the number of cases, age and gender of patients, and outcomes including operation time, tube duration, the number of major postoperative complications (including atelectasis, hemorrhage, pneumonia, and pulmonary embolism), and the number of air leaks (lasting more than 7 days). If not explicitly quoted, mean differences (MDs) and p-values (based on t-tests) were used to express SEs.

The Newcastle-Ottawa (NOS) scale was used to evaluate the quality of retrospective studies; those scoring 6 or higher were considered qualified. The quality of prospective cohort studies and randomized controlled trials (RCTs) was assessed by the Jadad scale (10), and those scoring 4 to 7 were deemed as high-quality studies.



Statistical Analysis

We used Review Manager V5.3 (The Cochrane Collaboration, Software Update, Oxford, UK) for extraction, pooling, and analysis of data, and assessment of the risk of bias (tool of The Cochrane Collaboration). Odds ratios (ORs) and corresponding 95% CIs were used together to evaluate the dichotomous outcomes. The curative effect in continuous variables was expressed as MDs with corresponding 95% CI. P-values lesser than 0.05 were identified as statistically significant. Statistical heterogeneity was assessed by I2 statistics. In particular, I2 < 50% represents no statistically significant heterogeneity across studies, and the fixed-effects model should be used. However, if I2 > 50%, the randomized-effects model would be applied. Each study was sequentially removed in the sensitivity analysis.




RESULTS


Study Characteristics

A total of 316 records were identified in PubMed. After a systematic review of the abstract in each publication, 297 studies were excluded, and the full text of the other 19 studies was reviewed. After evaluation, six studies were eventually enrolled (11–16), including five retrospective observational studies and one RCT, with a total of 385 patients. The single-arm research studies and studies with no description of the comparison of surgical instruments were excluded. Studies included are listed in Table 1. The evaluation procedure is shown in Figure 1.


Table 1. Characteristics of the included clinical trials.
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FIGURE 1. Flowchart of the study search and selection.




Study Characteristics and Assessment of the Risk of Bias

All studies were published before April 2020. Of all the patients involved, 187 (48.6%) underwent electrocautery-based segmentectomy and 198 (51.4%) received stapler-based segmentectomy. Table 1 shows the characteristics and details of included studies. The Jadad and NOS scores were used to assess the quality of the RCT and retrospective observational studies. No study was evaluated as low quality. Details of NOS results of retrospective observational studies are available in Table 2.


Table 2. Risk of bias assessment of included cohort studies.
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Primary Outcome Measures

The electrocautery group was taken as the experimental group, and the stapler group was regarded as the control group in our analysis. Five studies focusing on the incidence of air leaks presented that there were 23 in 156 patients (14.7%) suffering from air leaks in the electrocautery group and 7 in 180 patients (3.9%) suffering from air leaks in the stapler group (12–16). The incidence of postoperative air leaks in the electrocautery group was higher than that in the stapler group [OR: 3.91, 95% CI (1.64, 9.35), P = 0.002] (Figure 2). No heterogeneity (I2 = 0, P = 0.93) or publication bias was observed.


[image: Figure 2]
FIGURE 2. Forest plot of air leak rate comparing using electrocautery to stapler.


Postoperative complications indicated the safety of the operation. Five studies revealed that 44 in 165 patients (26.7%) in the electrocautery group and 30 in 179 patients (16.8%) in the stapler group developed postoperative complications (11, 12, 14–16). The incidence of complications in the electrocautery group was significantly higher than that in the stapler group [OR: 1.92, 95% CI (1.12, 3.28), P = 0.02] (Figure 3). The result was credible with low heterogeneity (I2 = 28%, P = 0.24). Among these five studies, three reported respiratory complications: 11 in 112 patients (9.82%) of the electrocautery group and 4 in 136 patients (2.94%) of the stapler group (14–16). The incidence of respiratory complications (including pneumothorax, chylothorax, and atelectasis) in the electrocautery group was significantly higher than that in the stapler group [OR: 2.93, 95% CI (0.93, 9.24), P = 0.07]. The result was stable with no heterogeneity (I2 = 0%, P = 0.57). Detailed information is presented in Figure 4.


[image: Figure 3]
FIGURE 3. Forest plot of the overall rate of postoperative complications comparing using electrocautery to stapler.
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FIGURE 4. Forest plot of rate of postoperative pulmonary complications comparing using electrocautery to stapler.




Secondary Outcome Measures

The surgery time was compared in four studies (12, 14–16) including 295 patients, and there was no significant difference between the two groups [MD = 18.07, 95% CI (−10.89, 47.04), P = 0.22]. The result was confirmative with high heterogeneity (I2 = 77%, P = 0.004).

Four studies (12, 13, 15, 16) including 288 patients focused on the duration of the drainage tube and showed no significant difference between the two groups [MD = 0.36, 95% CI (−0.27, 0.98), P = 0.26]. The details of the above and other outcomes are summarized in Table 3.


Table 3. Secondary outcome measurements.
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Sensitivity and Publication Bias

Sensitivity analysis was applied by sequentially removing all included studies one by one to find the source of heterogeneity. The results were stable among all the included studies. Publication bias was assessed by Review Manager V5.3. Limited by the number of eligible studies, no funnel plot was drawn for the evaluation of data.




DISCUSSION

It remains a controversy whether segmentectomy is a safe and effective surgical treatment approach for lung cancer. According to several recent research studies, segmentectomy (including open surgery and minimally invasive surgery procedures) is now a conventional therapy for early-stage lung cancer (7, 17–19). Although only one high-quality RCT focusing on the relationship between the safety and the usage of surgical instruments was enrolled in this study, it is the first systematic review and meta-analysis designed to assess the effects and safety of electrocautery and staplers used in segmentectomy.

The most appropriate surgical instruments for segmentectomy in patients with lung cancer have been debated for a long time (20, 21). It is generally believed that electrocautery is more applicable to primary tumor removal because its smaller and more flexible front end enables the precise outlining of the tumor boundaries and thus apparently reduces the removal of normal lung tissues and reserves more pulmonary functions for patients. Besides, electrocautery may be more effective in a resecting primary tumor located in some particular pulmonary segments. However, the thermal separation in electrocautery depends on electric energy, which is more likely to cause heat damage of the incisal edge of normal lung tissues. Moreover, the lung tissues excised by electrocautery are difficult to bond automatically, which possibly leads to postoperative complications. A variety of covering materials has been used to protect the surgical section; for instance, Droghetti et al. (22) performed pleurodesis with autologous pleurodesis for treatment of postoperative persistent air leaks, which indicated an optimistic outcome of safety and efficiency. However, the procedures using staplers are more likely to preserve the section automatically and to prevent the occurrence of complications (23). A retrospective study performed by Tao et al. (24) in 2019 proved that the loss of pulmonary function caused by using staplers was acceptable. Given the unclear result, most surgeons are inclined to choose the instruments by individual habits (25). Electrocautery has other merits such as preserving more pulmonary functions and a lower cost (14). However, Chen et al. (16) found no significant advantage of electrocautery in terms of the efficiency and safety in their RCT. Besides, the convenience of using stapler in the ligation of the segmental blood vessel and bronchus is also an advantage of stapler than electrocautery. Thus, when to use electrocautery in segmentectomy is still questionable.

Our meta-analysis indicated that the stapler might be superior to electrocautery since it showed fewer postoperative complications and air leaks. Besides, there was no distinctive difference in surgery time, tube duration, and the hospital stay between patients using electrocautery and staplers. Above all, the results tended to prove that the stapler was safer in surgical procedures, which was consistent with the findings of the RCT (16). However, the secondary conclusion should be interpreted with caution due to the limited number and quality of enrolled trials. Though a higher rate of postoperative complications (including air leaks) was found in the electrocautery group, it seemed to have no influence on postoperative recovery in the two groups. This result may be associated with a limited rate of air leaks and other complications. Overall, in our submission, using staplers in segmentectomy seems to be a better choice to reduce the incidence of complications. However, there still remains valuable attention for delayed air leak in segmentectomy. A former RCT (26) compared the rate of postoperative air leak in segmentectomy between using stapler and electrocautery. The outcomes showed a lower air leak time (1.7 vs. 4.5 days) and less cost (425 vs. 630.5 euros) in the electrocautery group accompanied by the usage of human fibrinogen and thrombin than stapler group for the completion of interlobar fissures during pulmonary lobectomy, which may indicate another proper range for the usage of electrocautery. Besides, the usage of other surgical techniques is also under controversy, such as the usage of three-dimensional reconstruction and Harmonic ultrasonic scalpel (21).

Our study has some limitations. First, we included five retrospective studies and one RCT but no eligible prospective study, which may lower the quality of data. Second, it was difficult to stratify potential confounders such as age and the stage of cancer, which, however, are closely associated with clinical complications. Third, part of our study included a surgical strategy that applies one of the surgical instruments mainly but still uses another instrument, which may lead to confounding bias. Fourth, because of the differences between the attentions of outcome measurements in each study, the number of patients evaluated for each outcome is lower than the total number of those enrolled in our study, especially for the secondary outcomes, which may limit the quality of the conclusion of our study. Finally, the impact of the procedure on long-term prognosis was yet unclear. Chen et al. attempted to observe the long-term survival outcome but failed due to a marked difference in the short-term outcome. More original research studies are warranted to evaluate the influence of segmentectomy and staplers on the survival of the patients.



CONCLUSIONS

In conclusion, our systematic review and meta-analysis indicate that staplers are safer than electrocautery and can reduce the incidence of air leaks and postoperative complications. Besides, no significant difference is found in some other primary postoperative indexes (including tube duration and surgery time) between patients using segmentectomy and staplers. Due to the limitations of included research studies, more RCTs and prospective studies of high quality are expected to reach further conclusions on the proper surgical instruments.
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