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Background: This study evaluates the symptomatic management of prolonged pleural air leaks following pulmonary resection, assesses the efficacy and safety of chest tube placement, and introduces experiences with high-positioned chest tube insertion.

Methods: We retrospectively reviewed 84 patients with prolonged pleural air leaks after lung surgery at Ningbo No.2 Hospital from January 2022 to December 2023. These patients were divided into a conservative treatment group (Group A, n = 64) and a chest tube placement group (Group B, n = 20). The propensity score matching method was applied to balance confounders between the two groups, resulting in 12 matched pairs. The study compared the time to chest tube removal, average hospital stays time, postoperative drainage volume, and facial visual analog pain score between the two groups.

Results: The average hospital stays and chest tube removal time of patients in group B were significantly lower than those of patients in group A (8.00 ± 1.12 vs. 9.75 ± 1.60 days, P = 0.003, 6.92 ± 1.08 vs. 8.58 ± 1.67 days, P = 0.005, respectively). However, the mean facial visual analog pain score in group B was higher than that in group A (1.58 ± 0.58 vs. 1.00 ± 0.01, P = 0.020). There were no significant differences between the two groups in terms of postoperative drainage volume.

Conclusions: For patients with prolonged air leaks, additional chest tube placement postoperatively significantly reduces both hospitals stay duration and chest tube indwelling time compared to conservative treatment. This method may be a potential treatment measure for prolonged air leak in selected patients.
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Introduction

Non-small cell lung cancer (NSCLC) has emerged as a predominant malignancy with significant morbidity and mortality rates globally (1). In China, the incidence and prevalence of NSCLC have been steadily rising, posing a substantial public health challenge (2). The increasing burden of NSCLC underscores the necessity for effective surgical interventions and postoperative care strategies to enhance patient outcomes and mitigate the adverse effects associated with this condition.

The surgical treatment of NSCLC has advanced rapidly, with video-assisted thoracoscopic surgery (VATS) now being the predominant approach (3). Despite its minimally invasive nature and quicker recovery times, uniportal VATS is also frequently accompanied by various postoperative complications, which remain a focal point of clinical research aimed at improving surgical outcomes (4). Among these complications, prolonged air leak (PAL) being one of the most common issues, stand out due to its impact on patient recovery (5–7). PAL is characterized by the inability to remove the chest tube postoperatively, resulting in extended hospital stays, which contradicts the principles of enhanced recovery after surgery (ERAS) (8).

The etiology of PAL is multifactorial, and its management focuses on promoting rapid lung re-expansion and effective drainage of the residual pleural space. Conventional conservative treatments for PAL include external negative pressure drainage, pleurodesis, and endoscopic treatments, etc. However, these approaches are often ineffective and costly in certain situations and fail to significantly reduce hospital stay, which may increase morbidity and mortality after lung resection and hinder the recovery process (9).

In this study, we conducted a retrospective analysis to evaluate the effectiveness of bedside chest tube placement in patients with prolonged air leaks following pulmonary resection. Our findings suggest that this intervention can substantially enhance lung re-expansion and reduce hospital stay durations, offering a more efficacious and inexpensive approach compared to traditional conservative treatments. This investigation highlights the importance of re-evaluating current PAL management protocols and emphasizes the potential benefits of incorporating timely chest tube placement into postoperative care strategies.



Methods


Patient inclusion and exclusion criteria

A retrospective analysis was conducted on patients who underwent video-assisted thoracoscopic surgery (VATS) for lung cancer at our institution (Department of Thoracic Surgery, Ningbo No.2 Hospital) from January 01 2022 to December 31 2023. Inclusion criteria were as follows: (I) All patients underwent preoperative enhanced chest CT scans to determine clinical staging, and the surgeries were all VATS procedures. Intraoperative frozen section analysis was conducted by pathology experts to confirm a pathological diagnosis of non-small cell lung cancer; (II) All patients' baseline vital conditions were thoroughly evaluated preoperatively to ensure they could tolerate lung cancer surgery; (III) No cardiovascular or cerebrovascular infarcts occurred within 3 months prior to surgery; (IV) Normal coagulation function with no use of anticoagulants in the 2 weeks preceding surgery. (V) Prolonged air leak while Chest tube indwelling for more than 5 days.

Exclusion criteria were as follows: (I) Multi-lesion resection in different lobes or Sleeve bronchial resection; (II) VATS converted to thoracotomy patients. (III) Prior ipsilateral lung surgery; (IV) Neoadjuvant therapy patients; (V) Pathological diagnosis was small cell lung cancer; (VI) Postoperative bronchoscopy revealed bronchopleural fistula. The flow chart for inclusion and exclusion of patients as Figure 1. This study was conducted in accordance with the Helsinki Declaration (revised in 2013). The study was approved by ethics board of Ningbo No.2 Hospital and informed consent was obtained for each patient.


[image: Figure 1]
FIGURE 1
 Flow chart for inclusion and exclusion of patients.




Grouping criteria and chest tube insertion/removal criteria

When the air leak lasted for more than 5 days, we defined the patient as having PAL (10). We divided these PAL patients into group A and group B according to whether the patients had another chest tube inserted. If the patients had another chest tube inserted, they belonged to group B. Otherwise, they belonged to group A. The conservative treatment group (Group A) received extracorporeal negative pressure drainage (-8-−10 cm H2O) and pleurodesis, such as intrathoracic injection of diluted povidone-iodine or 50% glucose solution, autologous blood pleurodesis. This treatment should be considered first for patients with PLA. In general, patients in group A presented with simple air leak without other clinical symptoms. Their chest x-ray usually shows a pneumothorax volume of < 30%. While for the chest tube placement group (Group B), we inserted another chest tube in the pleural cavity. The chest tube was placed in the following situations: (I) pneumothorax volume ≥30% after conservative treatment; (II) pneumothorax with extensive subcutaneous emphysema (Figure 2a); (III) the grade of air leak does not decrease after conservative treatment. The drainage status of all chest tubes will be included in the observation regardless of group A or group B. If there is no air leakage within 24 h and the total amount of light limpid fluid drainage in 24 h is ≤ 300 mL, the chest tube removal should be considered.


[image: Figure 2]
FIGURE 2
 (A) Shows a patient with postoperative pneumothorax and subcutaneous emphysema with 2 chest tubes inserted. The side marked with 1 is the chest tube placed during surgery, and the side marked with 2 is the chest tube placed at the bedside. (B) Shows a chest X-ray of the same patient 2 weeks after discharge.




Surgical information and follow-up indicators

All patients underwent uniportal VATS procedure and were performed by the same surgical team. All patients received standardized pulmonary resection and mediastinal lymphadenectomy according to the Chinese Medical Association guidelines for the clinical diagnosis and treatment of lung cancer (edition 2018). The incision hole was located at the anterior axillary line of the 4th or 5th interspace for pulmonary resection (including lobectomy and Sub-lobar resection) and lymphadenectomy with a length of 3–4 cm. Generally, the 4th interspace for right lobes and the 5th interspace for left lobes. At the end of surgery, the conventional chest tube (24 Fr, 8.00 mm in diameter) was used. The chest tube was inserted from the incision straight to the top of the chest through the anterior mediastinum pathway, which was connected to water-seal bottles without negative pressure. After the operations, we collected the postoperative thoracic drainage volume, the average VAS pain scores in incisions, average hospital stay time, chest tube removal time during the perioperative period, levels of serum CRP and pulmonary complications during hospitalization. If the chest X-ray or CT shows that the residual lung re-expansion and without obvious inflammation (Reference the levels of serum C-reactive protein (CRP) and bodies' temperature), and the patient with no obvious complaints of discomfort, then the patient was acceptable criteria for discharge (Figure 2b). 2 weeks after discharge, the incision sutures were removed and chest X-rays were reviewed. A follow-up chest CT scan was also performed 1 month after discharge to ensure the patient's recovery.



High position chest tube insertion procedure

The chest tubes were performed by the same person. Generally, we placed the chest tube with a needle (PAHSCO, 28 Fr with 9.33 mm in diameter, Figure 4) in the “triangle of safety,” which was inserted straight to the top of the chest cavity through the anterior mediastinum pathway, the key points of simple procedures: (a) Usually, the patient lies in a reclining position on the bed with the arms abducted, identify the “triangle of safety:” the center of the axilla, the lateral aspect of musculus latissimus dorsi, and the lateral pectoralis major at the line of the nipple. (b) An incision approximately with 1–2 cm was made at the 3th intercostal space at the lateral edge of the pectoralis major muscle nearby the anterior axillary line through the “triangle of safety,” as like red cross mark b-2. The b-1 red cross mark is the first chest tube which was placed after surgery. (c) Muscle tissue is then dissected using a blunt instrument e.g., a set of arterial forceps, creating a canal to the parietal pleura which is then breached for access to the pleural cavity. A hiss of air, or ooze of blood may present at this point. (d) The pleural cavity is explored using a finger, assessing for the position of the lung and any adhesions. The resulting tube remains open to allow enough air to enter the chest cavity. In the case of artificial pneumothorax, the chest tube is inserted into the chest cavity under the guidance of needle. Be careful not to puncture the lung or other tissues to avoid secondary damage. In our experience, the tube with the side hole is usually placed in the top of the chest cavity at a scale of 12–14 cm [Figure 3 (11)]. Moreover, the tube was connected to water-seal bottles with negative pressure.
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FIGURE 3
 The high position chest tube insertion procedure.
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FIGURE 4
 The chest tube with a needle.




Data collection and statistical methods

All patients' data were collected from hospital charts or databases. SPSS 26.0 software was used to analyze the data (IBM SPSS Statistics, USA). Continuous variables were presented as means ± standard deviation or medians (range), and the comparison between the two groups was performed using the t-test. Categorical variables were presented as counts or rates and A chi squared test or Fisher s exact test was used to compare dichotomous variables. The Mann-Whitney U-test is used for statistical analysis of rank data. The balance of measured variables between groups after propensity score-matching was analyzed using a paired t-test for continuous measures and the McNemar test for categorical variables. Propensity score matching was used to mitigate discrepancies in the characteristics of the study cohort that may influence our outcomes. Cases were matched 1:1 with a caliper size of 0.02. Variables used for matching were age, gender, smoking history, COPD, FEV1, FEV1%, and the operation style. A P-value < 0.05 was considered statistically significant.




Result

A total of 84 patients were enrolled in the study (Figure 1). Patients were classified into the conservative treatment group (Group A, n = 64) and the chest tube placement group (Group B, n = 20) according to the different treatment methods. After calculating the propensity scores (ratio = 1:1), 12 pairs were matched. Table 1 shows the patient demographic and clinical data before and after propensity score matching. The basic line of patients who undergoing chest tube placement were quite similar compared to those in the conservative treatment group except for the age, gender, COPD and pTNM stage (P < 0.05) before PSM matching (Table 1). After propensity score-matching, both groups were well-matched in theses parameters. Baseline characteristics of the matched patients were listed in Table 2. The mean operation time was 101.67 ± 11.46 min in group A and 98.33 ± 5.29 min in group B (P = 0.386). The mean Thoracic drainage volume in group A is less than that in group B (544.58 ± 242.44 ml vs. 897.50 ± 266.53 ml, P = 0.660), but without statistical differences, also as the parameter of Blood loss (P = 0.104), Pleural adhesion (P = 0.453) and the Serum C-reactive protein before discharge (39.80 ± 22.95 vs. 53.29 ± 28.23 mg/L, P = 0.660). The Average hospital stay and the Chest tube removal time in group A is significantly longer than those patients in group B (9.75 ± 1.60 vs. 8.00 ± 1.12 days, P = 0.003, 8.58 ± 1.67 vs. 6.92 ± 1.08 days, P = 0.005, respectively). However, the mean facial visual analog pain score in group A was lower than that in group B, which also indicated a significant difference (1.00 ± 0.01 vs. 1.58 ± 0.58, P = 0.020).


TABLE 1 Demographics and clinical data before PSM and after PSM.
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TABLE 2 Perioperative outcome between the two matched groups.
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Discussion

VATS is currently considered the primary treatment modality for early-stage NSCLC (3). With advancements in technology, uniportal VATS has become the mainstream surgical technique due to its advantages of minimal invasiveness, rapid recovery, and less pain. Most importantly, compared with conventional thoracoscopic surgery, the oncological prognosis is almost the same (12). However, postoperative complications remain unchanged, with PAL continuing to be one of the most common postoperative complications in thoracic surgery, clinically manifested as pneumothorax. PAL has numerous adverse effects on patients, significantly prolonging the duration of chest tube drainage and hospitalization (9, 13). It can also lead to severe complications such as extensive subcutaneous emphysema, respiratory distress, pulmonary infection, wound infection, and empyema, thereby increasing the psychological and economic burden on patients and contradicting the principles of ERAS.

There are numerous factors contributing to the occurrence of PAL, with alveolar air leakage due to visceral pleural rupture from surgical trauma being the primary cause. Rivera et al. demonstrated that surgical factors can influence the occurrence of PAL (13). In most cases, PAL results from the dissection of visceral pleural adhesions or the presence of incomplete development of pulmonary fissures (14, 15). For our cases, several challenges are presented by the uniportal VATS approach with PAL: Firstly, uniportal VATS makes it difficult to separate adhesions at the base of the thoracic cavity and around the operative uniport, increasing the likelihood of visceral pleural damage and air leakage. Secondly, the incomplete development of pulmonary fissures or unclear anatomical structures of the lung parenchyma led to substantial visceral pleural damage, further increasing the risk of air leakage. Lastly, the common practice is not creating a separate chest tube insertion incision after uniportal VATS. Usually, we placed the tube in a higher placement because of the original incision. Thus, the tube is insufficient for draining air and fluid from the lower thoracic cavity, thereby contributing to poor drainage. To address this issue, we retrospectively evaluated this specific surgical approach, comparing outcomes before and after the chest tube placement. To obtain more reliable comparisons, we employed the Propensity Score Matching (PSM) method to balance key variables and mitigate selection bias between the groups.

The chest tube plays a crucial role in managing postoperative PAL (16, 17). Regarding chest tube management, the majority of experts in previous literature advocate for single-tube placement as the first choice. You et al. thinks that compared with double chest drains, single chest drain has its advantages and safety for pulmonary lobectomy (18). However, our observations have led us to identify three phenomena: Firstly, a higher incidence of postoperative PLA following lobectomy, possibly due to the larger residual pleural cavity; Secondly, PLA patients with subcutaneous emphysema generally have poor lung quality, and the original chest tube cannot provide sufficient air drainage. Extra air can penetrate the muscles of the wound and form subcutaneous emphysema. This phenomenon usually requires additional catheterization because a single chest tube is not enough to meet their clinical needs. Finally, the positioning of a single chest tube may not align with the ideal location to some patients, leading to suboptimal drainage of the upper thoracic cavity. This misalignment may be due to changes in chest tube positioning during wound closure, body position changes, or postoperatively expanded lung tissue compressing and displacing the chest tube. For all these cases, another chest tube may need to be placed to increase effective drainage (19). We reviewed previous cases and traditional textbooks and found that double chest tubes may be beneficial for these patients.

The choice of treatment modality for PLA primarily depends on its efficacy and feasibility. Our standard approach for treating most cases of PLA involves thoracic negative pressure suction and pleurodesis with agents such as diluted povidone-iodine, autologous blood, or 50% glucose solution (20–22). Most cases can solve with these methods. According to our experience, we need to keep the patient completely supine in bed when we perform this type of chemical pleurodesis. Inject the drug through the chest tube and instruct the patient to cough to expel the remaining air in the chest, and make the highest point of the chest tube higher than the patient's chest plane, ensure the air can flow out and the fluid can be fully retained in the chest. This method promotes adhesions in the roof of the pleural cavity. We do not recommend Trendelenburg position as it may cause symptoms such as dizziness or hypotension etc. Other methods such as the use of digital chest drainage systems have also been reported in other literature. Comacchio et al. believe that the use of digital drainage systems can remove chest drains earlier than traditional systems (23). Bao et al. deems that discharge patient' chest tube management can be accomplished in selected patients without a major increase in morbidity or mortality (24). However, these methods cannot be implemented in primary hospitals due to technical feasibility.

Chest tube placement is more appropriate for patients with significantly larger residual cavities, incomplete lung re-expansion with subcutaneous emphysema, and prolapsed chest tubes (25). These patients share common clinical characteristics, including inadequate air drainage and failure of the visceral and parietal pleura to adhere, resulting in persistent pneumothorax. In our clinical practice, we usually take chest X-rays routinely on the 1st and 3rd day after VATS surgery. For the situations mentioned above (25), including situations I and II, we will perform extracorporeal negative pressure drainage. If the situation does not improve, we will immediately insert the chest tube because in these cases, a single chest tube is not sufficient to remove the excess gas. While for situation III (the grade air leak does not decrease after conservative treatment), we decide whether to intubate based on the degree of air leak after conservative treatment of the patient. Typically, we start conservative management on the 3rd postoperative day for patients with air leak. Pleural adhesion agents such as diluted povidone-iodine are injected intrathoracically once a day for two consecutive times. If the air leak does not decrease, we will insert the chest tube decisively. Patients who require chest tube placement have grade II or III air leaks, because grade I air leaks will almost always improve after conservative treatment.

We must carefully consider the appropriateness of chest tube placement because of the inherent risks of this action. Remember, conservative treatment is always the first choice for patients with PLA because it is less invasive and has lower risks. In most cases of group B, postoperative lungs are not fully collapsed, and improper handling may cause secondary harm to the patient, leading to various short-term complications, including increased pain, pulmonary contusion, hemothorax, arrhythmias such as atrial fibrillation, and even the need for secondary repair surgery (26). In our experience, seven patients experienced minor complications. The prevalence of increased pain was the most frequently observed finding, aligning with the results of our study (1.58 ± 0.58 vs. 1.00 ± 0.01, P = 0.020). Four patients received additional analgesic drugs. Another patient had atrial fibrillation after placement that was controlled by antiarrhythmic therapy. One patient had little thoracic hemorrhagic exudation after the operation, which was promptly treated with hemostatic drugs. The final patient experienced lung damage due to a puncture caused by the needle, which exacerbated the air leak, and received a secondary surgical intervention. In order to avoid the occurrence of the above complications, we have returned to the traditional double chest tube placement method in recent surgeries for patients with poor lung quality. Our experience with chest tube placement has yielded several insights, and the procedural steps are illustrated in the accompanying (Figure 4). The primary technical points involve creating an artificial pneumothorax and utilizing the needle to guide the placement of the chest tube at a high thoracic position. For surgeons with limited experience, we advocate for more stringent preoperative assessment and more cautious intraoperative decision-making as essential factors to ensure the safety of this challenging procedure.

Our study indicates that although chest tube repositioning may temporarily increase patient discomfort and burden, it remains a simple and safe technique. It is also much less cost-effective than endoscopic treatment (27, 28). After matching patients in the early stages, compared to the conservative treatment group, chest tube repositioning significantly reduced hospitalization time and financial burden. In terms of short-term outcomes, there was no significant increase in thoracic drainage volume (844.58 ± 242.44 vs. 897.50 ± 266.53 ml, P = 0.660), patients showed lung recovery well without infection before discharge (Serum C-reactive protein: 39.80 ± 22.95 vs. 53.29 ± 28.23 mg/L, P = 0.299), and there were no records of readmission at 1 month postoperatively.

The limitations of our study are evident. Due to the retrospective nature of the study and the relatively small sample size, selection bias is inevitable. Additionally, given the limited sample size, the long-term outcomes remain to be further reviewed. Future studies with larger sample sizes or prospective randomized controlled study are necessary to validate the potential benefits of additional chest tube placement.



Conclusion

Based on our study, additional chest tube placement appears to be safe and effective and may serve as a suitable alternative in selected patients with prolong air leaks. Our findings must be confirmed by large-sample, prospective randomized controlled studies.
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(VANGIE:)) (n =20) (%) (n = 12) (n=12)
Age (years old) 61.69 % 12.24 67.90 £ 7.67 0.036 64.83£7.17 67.92 £ 9.61 0249
Gender 0.005 1.000
Male 25(39.1) 15(75.0) 7(58.3) 7(58.3)
Female 39 (60.9) 5(25.0) 5(41.7) 5(41.7)
Past history
Smoking 27 (422) 12 (60.0) 0.163 7(58.3) 7(58.3) 1.000
Hypertension 36 (56.3) 16 (80.0) 0.056 8(66.7) 9(75) 1.000
Diabetes 10 (15.6) 6(30.0) 0.153 1(83) 2(167) 1.000
COPD 4(6.3) 9 (45.0) 0.000 4(33.3) 4(33.3) 1.000
FEV1 247 £062 272£051 0.078 248 £0.59 251054 0.882
FEV1% 81.26 544 80.15 £ 4.62 0.410 79.83 £3.56 80.00 + 4.95 0913
MDL (cm) 2.00 4086 264+ 131 0.053 2124099 2324123 0.640
Lesion site 0.178 0539
Left upper lobe 18 (28.1) 5(25.0) 5(41.7) 4(33.3)
Left lower lobe 13 (20.3) 2(10.0) 2(16.7) 2(16.7)
Right upper lobe 18 (28.1) 9(45.0) 4(333) 4(333)
Right middle lobe 4(6.2) 0 0 0
Right lower lobe 11(17.2) 4(20.0) 1(83) 2(167)
Pathological type 0.097 0574
sQC 12 (18.8) 9(45.0) 4(333) 5(417)
ADC 49 (76.6) 11 (55) 7(58.3) 7(58.3)
Others 3(4.7) 0 1(83) 0
Operation style 1.000 1.000
Lobectomy 55 (85.9) 17 (85.0) 10(83.3) 10(83.3)
Sublobar resection 9(14.1) 3(15.0) 2(16.7) 2(167)
Pathological stage 0.008 0871
1A 44 (68.8) 9 (45.0) 7(58.3) 7(58.3)
1B 11(17.2) 1(5.0) 2(16.7) 1(8.3)
A 2(3.1) 1(5.0) 0 1(83)
1B 3(4.7) 1(5.0) 1(83) 0
A 4(6.3) 8(40.0) 2(16.7) 3(25.0)

COPD, Chronic obstructive pulmonary disease; MDL, Maximum diameter of lesion; SQC, Squamous carcinoma; ADC, Adenocarcinoma.
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Variables Conservative treatment group N (%) (n = 12) Chest tube group N (%) (n 2)

Operation time (min) 10167 £ 11.46 98.33 45,29 0386
Blood loss (mL) 5333 £ 8.87 63331435 0.104
Pleural adhesion 6(50.0) 3(25.0) 0453
Average hospital stay time (d) 9.75 £ 1.60 800+ 112 0.003
Chest tube removal time (d) 8.58 £ 1.67 692+ 1.08 0.005
Thoracic drainage volume (mL) 844.58 £ 242.44 897.50 & 266.53 0.660
Visual analog scale (VAS) 1.00 £ 0.01 1.58 +0.58 0.020
Serum C-reactive protein (mg/L) 39.80 & 22.95 53.29+£28.23 0299
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