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Background

Uniportal video-assisted thoracoscopic surgery (UniVATS) was utilized with a rapid growth. The evidence is sparse, however, on whether to add external suction to water-seal drainage for chest drainage after UniVATS. This retrospective propensity score-matched study aimed to identify the necessity of adding external suction to chest drainage after UniVATS.



Methods

Patients with lung cancer who underwent UniVATS were included from our prospectively maintained database. Patients were divided into two cohorts based on the addition of external suction to postoperative water-seal drainage or not. Propensity score-matched analysis was performed to identify the impact of suction on chest tube duration, incidence of persistent air leak, hospital stay, and hospitalization cost. Multivariable model with interaction terms was constructed to identify impact of covariables on effect of suction.



Results

The two cohorts matched well on baseline characteristics (nonsuction: 173; suction: 96). Compared with nonsuction group, suction group showed longer median chest tube duration (3 vs. 2 days, p = 0.003), higher incidences of persistent air leak (9.4% vs. 1.2%, p = 0.003), persistent drainage (16.8% vs. 5.8%, p = 0.007), and reduced drainage volume within first 3 postoperative days (386.90 vs. 504.78 ml, p = 0.011). Resection extent was identified to mediate the relationship between suction and chest tube drainage.



Conclusions

These findings discouraged adding external suction to water-seal drainage after UniVATS regarding longer chest tube duration and more persistent air leak. Patients undergoing lobectomy would benefit more from water-seal drainage without external suction compared with those doing sublobectomy.
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Introduction

Simple water seal (nonsuction drainage) or addition of suction to simple water seal (suction drainage) were routinely used for chest drainage after pulmonary surgery (1). Studies have tried to shed light on the differences between the two methods in postoperative outcomes, such as chest tube duration and incidence of persistent air leak (PAL) (2–4). We previously found that the addition of suction to simple water seal increased chest tube duration following pulmonary surgery (5). Nevertheless, the benefit of external suction remains questionable among different studies, regarding heterogeneities of participants, study protocols, and surgery types.

The thoracic surgery continuously moved towards minimal invasive era. Uniportal video-assisted thoracoscopic surgery (UniVATS) has been experiencing rapid growth as a less-invasive approach compared with multiportal VATS (6–8). UniVATS requires different geometric characteristics in equipment placement, operation view, as well as smaller incision, which might affect postoperative outcomes compared with standard three-port VATS. UniVATS was reported to result in shorter chest tube duration and less postoperative complications (2, 9, 10). Nevertheless, it still needed further insight into this newly emerging approach. External suction on chest tube drainage, as part of perioperative management, is lack of evidence on its effect on patients’ postoperative outcomes after uniportal VATS.

Here, in order to evaluate the necessity for additional suction on chest drainage after UniVATS, we retrospectively enrolled the patients who underwent UniVATS for lung cancer, and compared the efficiency of suction drainage and nonsuction drainage on chest tube duration. We also performed an updated meta-analysis to identify the effects of the additional suction to simple water seal on the postoperative outcomes.



Material and Methods


Patient Enrolment

We enrolled the patients who underwent UniVATS for lung cancer from our prospectively maintained database in West China Hospital, a national high-volume healthcare center, from January 2009 to August 2019. For exclusion are the following (1): lung cancer was not the primary indication for surgery (2); combined with other surgery at the same time (3); conversion to thoracotomy; and (4) history of cardiothoracic surgery. This study was approved by the Institutional Ethics Committee for Clinical Research of West China Hospital, Sichuan University [No. 2020 (1098)]. The exemption of informed consent has been applied.



Standard Operating Procedures

All the patients enrolled from our prospectively maintained database received standard operating procedure. Generally, a 3–5-cm incision was made in the fourth or fifth intercostal space at the anterior axillary line. Lobectomy, segmentectomy, or wedge resection was performed as appropriate. The parenchyma was divided with a stapler. If necessary, systematic or lobe-specific lymph node dissection was conducted after completion of pulmonary resection. A water submersion test was used to detect presence of air leak, and sutures were applied in case of significant air leak. Fibrin sealant was covered on the cutting surface of pulmonary parenchyma if necessary. One 20F chest tube (Yangzhou Hanjiang Huafei Medical Device Factory, Co., Ltd, Hanzhou, China) was inserted through the working incision before closing chest wall. The chest tube was connected to the simple water-seal bottle (nonsuction drainage) or external suction (−10 cmH2O) was added to water seal (suction drainage) with traditional chest drainage system. Suction was experimentally added to the chest drainage by doctors. The external suction was connected initially after surgery lasting for 2 days and then switched to simple water seal until the chest tube removal (see Supplementary Material 1). The removal criteria for both the two groups included less than 300 ml drainage fluid/day, no bubbling observed lasting 12 h, and complete lung expansion in chest radiology. If chest tube could be removed early with a duration shorter than 2 days, suction would remain until the chest tube removal. We assessed air leak and recorded chest drainage volume every day. Chest radiology was performed routinely to examine lung expansion and chest drainage on the first postoperative day. Patient was discharged the next day after chest tube removal as if no accident existed.



Postoperative Outcomes

The primary outcome was chest tube duration. The secondary outcomes included incidence of postoperative PAL, drainage volume within the first 3 postoperative days, total drainage volume, length of postoperative hospital stay, and hospitalization cost. PAL was defined as persistent postoperative air leak longer than 5 days. The incidence of other postoperative complications was also analyzed, including pulmonary infection and persistent drainage. Persistent drainage was defined as chest tube drainage lasting longer than 5 days due to excess pleural drainage.



Sample Size Calculation

We estimated sample size by taking the chest tube duration as the primary outcome. The effect size was estimated based on a previous study (11). The mean [standard deviation (SD)] chest tube duration in suction group and nonsuction group were 3.8 (2.1) and 2.7 days (1.1), respectively. The effect size was calculated to be 0.65. We set the type I error as 5%, statistical power as 99%, and allocation ration of two groups as 2:1. The sample size was estimated as 168 (112:56) using G*Power (3.1.9, University of Dusseldorf, Germany).



Propensity Score-Matched Analysis

We performed propensity score-matched (PSM) analysis to create a cohort of patients who received external suction with baseline characteristics similar to those who received only simple water seal. A logistic regression model was used to calculate propensity scores. Variables related to patient and disease were determined as confounders, including demographic characteristics (age, sex, body mass index (BMI)), smoking status, the American Society of Anaesthesiologists (ASA) grades, Eastern Cooperative Oncology Group (ECOG) performance status, and operation details (resection extent, surgery duration, pleural adhesion, intralobular fissure, fibrin sealant use). We identified propensity score-matched pairs using a 2:1 nearest greedy neighbor matching algorithm with caliper width of 0.2 without replacement (12). Absolute standardized mean difference ≤0.1 of the covariates indicated balance between the two cohorts (13). PSM was performed with the “matchit” package in R (4.0.3, R Development Core Team, Vienna, Austria).



Statistical Analyses

Continuous variables with normal contribution were presented as mean [standard deviation (SD)] and compared with Student’s t-test, while those with nonnormal contribution were presented as median [interquartile range (IQR)] and compared with Wilcoxon test. Categorical variables were given as count (proportions) and compared by Fisher’s exact test. Risk factors for chest tube duration and incidence of PAL were explored using univariable and multivariable regression analyses on the unmatched cohort. Risk factors that were either significant in the univariable analysis or determined to be clinically important were put into the multivariable analysis. We put BMI and surgery duration as both continuous and categorical variables into the model. BMI was categorized into <18.5, 18.5–24.9, and ≥25 (14, 15). Surgery duration was categorized into short and long durations by median surgery duration of our whole cohort. Resection extent was categorized as lobectomy and sublobectomy (segmentectomy and wedge resection). To identify if resection extent, surgery duration (categorical), and fibrin sealant use would mediate relationship between suction and outcomes, three interaction terms between suction and those variables were included in the multivariable model. Multivariable analyses were conducted using generalized linear regression model by “glm” package in R (see Supplementary Material 2). We performed Poisson regression on chest tube duration and logistic regression for incidence of PAL. Overall risk (OR), β-coefficients, and 95% confidence interval (CI) were obtained. Goodness-of-fit tests for multivariable regression were performed with Chi-square test for Poisson regression and Hosmer-Lemeshow test for logistic regression.

We performed subgroup analyses on the unmatched cohort regarding resection extent, surgery duration, and use of fibrin sealant to identify potential difference in outcomes of patients in specific subgroups. All tests were two sided. p < 0.05 was considered statistically significant. False-discovery rate correction was used to adjust for multiple comparisons after multivariable analysis and subgroup analysis. Statistical analyses were performed using R (4.0.3, R Development Core Team, Vienna, Austria).



Systematic Review on Prior Studies

We performed a meta-analysis of previous studies comparing suction vs. nonsuction groups. We included randomized clinical trials studying effects of suction and nonsuction groups on chest drainage published before September 15, 2021. We also included results of this study into meta-analysis. We focused on the outcome of chest tube duration. The effect size was assessed by weighted mean difference (WMD). A random-effects model was used to pool results. Meta-analysis was performed using “meta” R package.




Results


Patient and Clinicopathological Characteristics

A total of 473 patients were finally included in the cohort. After PSM with a ratio of 2:1, the matched cohort included 269 patients (nonsuction drainage vs. suction drainage, 173 vs. 96) with well-balanced clinicopathological characteristics (Figure 1). Table 1 showed the clinicopathological characteristics of patients before and after PSM.




Figure 1 | (A) Standardized mean differences of variables between suction and nonsuction groups. Black and grey dots represented standardized mean differences before and after matching, respectively. (B) Mirror histogram of propensity scores for suction group (above the x-axis) and nonsuction group (below the x-axis).




Table 1 | Baseline characteristics of the two groups before and after matching.





Outcomes Related to Chest Drainage

Suction drainage showed increased median chest tube duration compared with nonsuction drainage [3 days (2–4) vs. 2 days (2–3), p = 0.003] (Table 2). However, the drainage volume within the first 3 postoperative days was lower in the suction group compared with the nonsuction group [386.90 ml (301.00) vs. 504.78 ml (387.90), p = 0.011]. The total volume of postoperative drainage was comparable between nonsuction drainage and suction drainage [605.92 ml (755.57) vs. 717.89 ml (849.13), p = 0.286].


Table 2 | The postoperative outcomes in the unmatched and matched cohorts.



Both the incidence of PAL and persistent drainage was significantly lower in nonsuction group than that in the suction group [2 (1.2%) vs. 9 (9.4%), p = 0.003, 10 (5.8%) vs. 16 (16.8%), p = 0.007] (Table 2). No significant differences were identified in postoperative length of hospital stay, hospitalization cost, and the incidence of postoperative pulmonary infection.



Regression Analysis

The goodness-of-fit test result for multivariable regression was p = 0.797 for chest tube duration and p = 0.699 for incidence of PAL. In the multivariable model for chest tube duration, resection extent was found to have a significant interaction with suction (Figure 2). After accounting for interactions, suction was also associated with increased chest tube duration (β = 0.38, 95% CI = 0.17 to 0.59, adjusted p = 0.002). Both sublobectomy (β = -0.20, 95% CI = -0.33 to -0.07, adjusted p = 0.015) and short surgery duration (β = -0.27, 95% CI = -0.40 to -0.13, adjusted p = 0.002) were associated with reduced chest tube duration. In the multivariable model for incidence of PAL, resection extent was also found to have a significant interaction with suction, while suction remained to be associated with increased incidence of PAL (OR = 1.21, 95% CI = 1.11 to 1.31, adjusted p = 0.006). However, suction was not an independent risk factor either in the multivariable analysis for drainage volume in the first 3 postoperative days and persistent drainage.




Figure 2 | Results of multivariable regression analysis on the (A) chest tube duration and (B) incidence of PAL.





Subgroup Analyses

In the patients who underwent lobectomy, patients with external suction showed increased chest tube duration (3 days (2–6) vs. 3 days (2–4), adjusted p = 0.031) and incidence of PAL [8 (20.0%) vs. 2 (2.8%), adjusted p = 0.008]. However, no significant differences were noticed in segmentectomy or wedge resection subgroups (Figure 3). The median surgery time was 105 min. Patients with shorter surgery time were considered shorter time group, and the others were considered longer time group. No significant increase was found in subgroups regarding surgery duration and fibrin sealant use (Figure 4).




Figure 3 | Subgroup analysis regarding extent of resection.






Figure 4 | Subgroup analysis regarding (A) surgical duration and (B) intraoperative fibrin use.





Meta-Analysis

A total of eight prior studies plus ours were included in the meta-analysis (3, 4, 11, 16–20). Results indicated that addition of suction significantly prolonged chest tube duration (WMD 0.78 days, 95% CI = 0.10 to 1.47, p = 0.026) (Figure 5).




Figure 5 | Meta-analysis on effect of addition of suction on chest tube duration.






Discussion

We aimed to identify the efficiency of the addition of suction to simple water seal on postoperative chest drainage in patients who are undergoing UniVATS for lung cancer. We found significant differences between nonsuction drainage and suction drainage in terms of chest tube duration, drainage volume within the first 3 postoperative days, incidence of PAL, and persistent drainage. Multivariable analysis identified significant different effect of suction on outcomes between patients undergoing lobectomy and sublobectomy.

Compared with multiportal VATS, UniVATS was a less-invasive approach (6). Patients undergoing UniVATS resulted in less incidence of postoperative complications, shorter chest tube duration, and length of hospital stay compared with those doing multiportal VATS, indicating a faster recovery (2, 9, 10). Of note, the optimal chest drainage strategy still remains unanswered after UniVATS. To our knowledge, we are the first to focus on the patients undergoing UniVATS to identify the necessity of the additional suction to chest tube drainage.

Physiologically, applying external suction to simple water seal promoted the apposition between visceral and parietal pleurae, favoring sealing of air leak. On the other hand, negative pressure caused by suction might increase both the volume of air leak and the pleural liquid filtration. We found that suction drainage increased chest tube duration and was identified as an independent risk factor. This was consistent with a previous randomized trial (3). A meta-analysis involving four studies that also showed suction could result in increased chest tube duration (21). However, we found that suction group had less drainage volume within the first 3 postoperative days, which might be in conflict with increased chest tube duration. Yet, no significant difference existed in total drainage volume. A randomized trial revealed that suction increased postoperative drainage volume (3). Another trial showed higher suction pressure also resulted in increased chest drainage volume in patients undergoing three-port VATS (20). The addition of suction to simple water seal might hasten the evacuation of fluid, though at the same time the negative pressure might increase the fluid production. Under the circumstance of uniportal VATS, between the two conflict effects—fluid evacuation and production, the balance might be biased towards the former, leading to a decreased drainage volume in the suction drainage. However, chest tube duration in the suction group was still longer than that in the nonsuction group. It might be explained by our chest tube removal criteria. We withdrew chest tube based on two main criteria: (i) no air leak observed and (ii) no much fluid drained. The addition of suction to water seal was initially expected to accelerate chest tube removal. However, persistent air leak occasionally occurred, which might contribute to the delay of chest tube removal. Considering the ability of the pleura to absorb fluid, incidence of PAL might contribute more to prolonged chest tube duration than fluid output of chest drainage.

We found that the suction group showed a higher incidence of PAL compared with the nonsuction group, which is consistent with a previous study (3). Furthermore, suction drainage was found to be an independent risk factor for the increased incidence of PAL. This indicated that the addition of negative suction to simple water seal might aggravate air leak. The association of suction drainage with incidence of PAL is still controversial (3, 22), which might attribute to different surgery types, population selection, and PAL definition. Various definitions of PAL have been proposed as lasting postoperative air leak ranged from over 3 to 10 days (23), while the most widely acknowledged is over 5 days mainly according to the mean postoperative hospital stays nowadays (24). The definition threshold for persistent drainage followed the definition of PAL. Once PAL occurred, delayed chest tube removal and hospital discharge were inevitable (25). Also, we could choose endobronchial valves, sterile compressed sponge, or just supportive treatment without special intervention (26–28) to reduce the lasting of air leak.

For chest tube removal, we mainly judged the removal threshold by direct inspection of air bubbles in the water-seal chamber and recorded drainage volume based on traditional drainage system. Additionally, the digital chest drainage, a newly chest drainage system, could be used to guide chest tube removal (29). Digital drainage system was applied only in a few regions with high healthcare expenditure, while traditional drainage system was more widely used (3). We previously found that digital drainage system showed high effectiveness on postoperative recovery and might be worth of the promotion (30). Further studies on different drainage regimens with digital drainage system are well worthwhile.

Interestingly, according to the findings of multivariable analyses, patients undergoing lobectomy showed more effect from suction compared with those undergoing sublobectomy. This finding was further proved by the subgroup analysis, which showed significant differences in outcomes in lobectomy group but not in segmentectomy and wedge resection groups. It indicated that no addition of suction for chest drainage would benefit more on patients undergoing lobectomy compared with those doing sublobectomy. It might be because lobectomy resulted in a larger injury to lung parenchyma. The lung was more fragile and more easily to be interfered by the external suction. No similar results with the above existed in the variables of surgery duration and fibrin sealant use, both in multivariable analyses and subgroup analyses. BMI <18.5 was identified as an independent risk factor for prolonged chest tube duration. There was a hypothesis that lower BMI represented lower nutritional status and was detrimental to wound healing (15). As BMI was not identified as an independent predictor for incidence of PAL, it was included in the predictive models for PAL (31, 32). BMI <18.5 might also be taken into consideration when judging the application of suction drainage.



Limitations

We have some limitations. Firstly, the retrospective design might bring selection bias and confounding bias, although we followed strict inclusion and exclusion criteria and applied PSM to balance potential confounding factors. Secondly, the limited number of patients enrolled in a single center might restrict the evidence power. The generalization of these results needs to be addressed carefully. Lastly, this study spanned 10 years, some changing techniques, such as the use of fibrin sealant (28) and discharge with a chest tube (33), were needed to be addressed when planning to use suction drainage. Herein, it warrants further investigations in prospective randomized controlled trials to explore the effect of addition of suction to simple water seal, setting of negative pressure in suction drainage, and stringent selection of benefited patients after UniVATS.



Conclusion

In patients undergoing UniVATS for lung cancer, it might be unnecessary to add external suction to simple water-seal chest drainage after UniVATS for lung cancer. Patients undergoing lobectomy would benefit more from simple water seal on chest drainage without external suction.
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Results are presented as mean (standard deviation), median (IQR), or counts (proportions). PAL, persistent air leak.





OEBPS/Images/fonc-11-751396-g003.jpg
Chest Tube Duration

16

12

P.adj = 0.031

lobectomy

. .

Group ER suction BE nonsuction

P.adj = 0.677

H

segmentectomy

P.adj = 0.630

_

wedge resection






OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/table1.jpg
Characteristics Before matching After matching

Nonsuction (n = 371) Suction (n = 102) p-value SMD Nonsuction (n = 173) Suction (n = 96) p-value SMD

Age (years) 55.99 (11.46)* 55.54 (10.85) 0.719 0.041 55.14 (10.30) 55.45 (11.08) 0.819 0.029
BMI (kg/m?) 2294 (2.88) 22.85 (2.88) 0.787 0.023 22.90 (2.96) 22.70 (2.89) 0.585 0.07
Sex (female, %) 144 (38.8) 38 (37.9) 0.864 0.032 64 (37.0) 37 (38.5) 0.905 0.032
Smoking status (%) 0.412 0.155 0.981 0.025
Current 24 (6.5) 4(3.9) 8(4.6) 4(4.2)
Never 276 (74.4) 82 (80.4) 137 (79.2) 76 (79.2)
Ever 71(19.1) 16 (16.7) 28 (16.2) 16 (16.7)
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0 108 (29.1) 17 (16.7) 30(17.3) 17 (17.7)
1 259 (69.8) 83 (81.4) 140 (80.9) 77 (80.2)
2 2(0.5) 1(1.0) 1(06) 1(1.0)
3 2(0.5) 1(1.0) 2(12) 1(1.0)
ASA (%) 0.102 0.253 0.944 0.043
1 21(6.7) 2 (2.0) 423 2(2.1)
2 254 (68.5) 65 (63.7) 110 (63.6) 63 (65.6)
3 96 (25.9) 35 (34.3) 59 (34.1) 31(32.3)
FEV1 (L) 2.60 (0.65) 2.60 (0.64) 0.946 0.049 2.62(0.64) 2.59 (0.64) 0.738 0.043
FEV1/FVC (%) 80.18 (7.98) 80.82 (8.39) 0.484 0.09 80.28 (7.67) 80.49 (8.64) 0.841 0.025
Pleural adhesion (%) 0.376 0.213 0.969 0.064
None 205 (55.3) 48 (47.1) 91 (52.6) 48 (50.0)
Minimal 128 (34.5) 44 (43.1) 65 (37.6) 39 (40.6)
Half 27 (7.9) 6(5.9) 1(6.4) 6(6.2)
Diffuse 11(3.0) 4(3.9) 6(3.5) 3(3.1)
Intralober fissure (%) 0.357 0.221 1.000 0.015
Fused 6(1.6) 0(0.0) 0(0.0) 0(0.0)
Incomplete 188 (50.7) 49 (48.0) 86 (49.7) 47 (49.0)
Complete 177 (47.7) 53 (52.0) 87 (50.3) 49 (51.0)
Surgery duration (min) 112.77 (50.95) 99.69 (37.67) 0.016 0.287 103.98 (39.44) 101.47 (38.10) 0.613 0.065
Extent of resection 0.008 0.367 0.946 0.043
Lobectomy 170 (45.8) 49 (48.0) 80 (46.2) 45 (46.9)
Segmentectomy 104 (28.0) 40(39.2) 67 (38.7) 38 (39.6)
Wedge resection 97 (26.1) 3(12.7) 26 (15.0) 13 (13.5)
Fibrin sealant use (%) 136 (36.7) 32 (31.4) 0.384 0.112 59 (34.1) 31(32.9) 0.867 0.038

“Results are presented as mean (standard deviation) or counts (ratio). SMD, standard mean difference; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group performance
status; ASA, the American Society of Anaesthesiologists.
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