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Objectives: Primary spontaneous pneumothorax (PSP) is a common disease in young and thin male. Operation has been regarded as definitive treatment for it. However, the operative methods for those patients are under dispute. This study aims to directly compare the outcomes of uniportal VATS vs. needlescopic VATS in the treatment of PSP, focusing on postoperative pain and safety outcomes.



Methods: From July 2013 to December 2017, the patients who underwent video-assisted thoracic surgery for pneumothorax in National Taiwan University Hospital were retrospectively collected. The preoperative condition, surgical results, and postoperative outcomes was analyzed.



Results: There were 60 patients undergoing needlescopic VATS and 91 undergoing uniportal VATS during the study period. There was no significant difference between the patients who underwent needlescopic VATS and those who underwent uniportal VATS in their demographic and clinical characteristics. The post-operative pain score was significantly lower in the uniportal VATS group compared to the needlescopic VATS group at day 1 (2.65 ± 1.59 vs. 1.74 ± 1.35, p = 0.001).



Conclusion: Uniportal VATS offers an effective, safe alternative for PSP treatment, with benefits including reduced post-operative pain. Our findings support the use of uniportal VATS, supplemented by a wound protector, as a viable option for PSP patients.
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Introduction

Pneumothorax is defined as the presence of the air in the pleural cavity. Primary spontaneous pneumothorax (PSP) is more common in young, tall, lean men (1). After the first episode, the estimated recurrence rate is 32%, with a range from 17% to 54% (2, 3). The optimal management of PSP has been an issue for discussion for years. The American College of Chest physicians (ACCP) and the British Society of Thoracic Surgeons (BSTS) (4) have published their own guidelines for the management of PSP. Both reports stated that PSP should be treated surgically after the first recurrence, performing a thoracoscopic bullectomy associated with a procedure for inducing pleural adhesions. Therefore, the surgical approach is considered the best treatment to minimize the risk of recurrence in patients who experienced PSP.

Needlescopic equipment and instruments have been applied to thoracic procedures (5). The initial reports suggested that needlescopic VATS was feasible and resulted in better cosmesis and less postoperative pain for PSP patients. In contrast, uniportal VATS technique has shown to be safe and efficient not only for pulmonary resections and biopsies but also for lobectomy (6). Besides, uniportal VATS could reduce patients' postoperative pain and paraesthesia and improve patients’ satisfaction, concluding that the uniportal VATS technique is a safe, feasible and effective treatment for PSP (7). However, the comparison between these two methods lacks. In this study, we aim to provide a comprehensive comparison of uniportal vs. needlescopic video-assisted thoracoscopic surgery in the management of primary spontaneous pneumothorax, focusing on surgical outcomes, postoperative pain, and patient satisfaction.



Materials and methods


Study design and patients

The medical records of all patients of PSP, and who underwent VATS for treatment of it at National Taiwan University Hospital, a 3,200-bed tertiary medical center, during the period from July 2013 to December 2017 were retrospectively collected. The data included patients in needlescopic and uniportal VATS groups. The preoperative condition, surgical results, and postoperative short-term outcomes was analyzed. The Research Ethics Committee of National Taiwan University Hospital approved this study (approval number: 201803043RINA) and waived the requirement for informed consent due to the study's retrospective nature. It was conformed that all methods were performed in accordance with the relevant guidelines and regulations.

Eligibility for inclusion required a confirmed diagnosis of PSP via chest radiography or computed tomography (CT). The choice between uniportal and needlescopic VATS was made based on a combination of patient-specific factors, including the size and location of the pneumothorax, previous surgical history, and patient preference, after thorough discussion of the potential risks and benefits of each approach.



Surgical technique


Needlescopic VATS

Under general anesthesia with single lung ventilation, the patients were turned into the lateral decubitus position. Following disinfection, a 12 mm port was made at the sixth or seventh intercostal space for camera insertion. To facilitate the use of needlescopic instruments, three small skin punctures were created, with the inferior mini-port positioned at the seventh or eighth intercostal space along the mid-axillary line, directly below the level of the chest tube wound. The two superior mini-ports were located at the fourth and fifth intercostal space of the anterior and posterior axillary lines, respectively (5, 6).

Initially, the 10 mm telescope and two mini-endograspers were used to identify the blebs. When a bleb was identified, it was fixed by mini-endograsper at one of the superior mini-ports. A 3 mm 30 needlescope was introduced at the inferior mini-port to visualize the bleb. The 10-mm telescope was then withdrawn, and a 45 mm endoscopic linear stapler was introduced to resect the bleb. If no air leakage was identified, apical stapling was routinely performed at the most suspicious area. The surgical specimen was retrieved from the chest tube wound. The 10 mm telescope was inserted again to check the stapling line. Following the assessment for air leaks and bleeding, a chest tube ranging from 20 to 28 French was inserted at the apex of the pleural cavity through the inferior mini-port, after which the wound was closed in layers (5, 6).



Uniportal VATS

After preparing the surgical site, a single incision of 2.5 cm was made in the fifth intercostal space along the mid/posterior axillary line, utilizing a wound protector to facilitate access without a trocar. Once lung deflated, a 5-mm, rigid endoscope with 30-degree viewing angle was then inserted to the pleural space to confirm the lesion. An endoscopic grasping instrument and endoscopic stapler were inserted through the same window. Bullectomy and/or blebectomy were operated under direct thoracoscopic vision with endostaplers. Then we completed mechanical pleurodesis by pleural abrasion with scratch pad. After checking air-leak and bleeding, a 20–28 French chest tube was placed in the apex of pleural cavity and the wound was closed in layers (7).




Data collection and analysis

In our analysis, we focused on evaluating several key outcomes to assess the effectiveness and safety of uniportal vs. needlescopic VATS for PSP treatment. Specifically, we measured postoperative pain scores (using a 0–10 visual analog scale), duration of hospital stay (in days), incidence of postoperative complications, and rate of pneumothorax recurrence within a six-month follow-up period. All continuous values were presented as mean ± standard deviation. Demographic information (age, gender, BMI) and clinical data (size of pneumothorax, previous episodes of PSP, operative time) of the different surgical groups were compared using the χ2 test or Fisher's exact test for categorical variables, and the Student's t-test or Mann–Whitney U-test for continuous variables, as appropriate. All of the analyses were performed with the statistical software package SPSS (SPSS, Inc., Chicago, IL, USA).




Results

Of the 151 subjects included in this study, 60 underwent needlescopic VATS and 91 underwent uniportal VATS. There was no significant difference between the patients who underwent needlescopic VATS and those who underwent uniportal VATS in demographic and clinical characteristics (Table 1). One patient in the uniportal VATS group had bilateral pneumothoracex, and thus underwent left upper lobe and right upper lobe pulmonary wedge resection by changing the position. No cases were converted with other surgical methods during operation.


TABLE 1 Demographic and clinical characteristics of study groups of PSP.
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There was no statistically significant difference in surgical outcomes between needlescopic and uniportal VATS (Table 2). All four cases of persistent air leakage, defined as air leakage that continues for more than 5–7 days after surgery, were successfully treated with chemical pleurodesis (8). Chemical pleurodesis was performed using OK-432 (Picibanil), a sclerosing agent, injected through the chest tube to promote pleural adhesion and cease the air leak, facilitating the removal of the chest tube (9). One case of massive pleural effusion was treated successfully after prolonged chest tube drainage. The post-operative pain score was significantly lower in the uniportal VATS group compared to the needlescopic VATS group at day 1 (2.65 ± 1.59 vs. 1.74 ± 1.35, p = 0.001). Although there was no significant difference in the use of additional intramuscular analgesia in the two groups both on post-operative 3 days and discharge, the dose was still lower in the uniportal VATS group (0.78 ± 0.94 vs. 0.69 ± 0.98, p = 0.545). Both groups had three cases of recurrent pneumothorax in the during the follow-up period. All cases were treated by re-do VATS that led to successful re-expansion of the lung. Additional treatment was not indicated as there was no further air leakage.


TABLE 2 Surgical outcomes between needlescopic VATS and uniportal VATS for PSP.

[image: Table 2]



Discussion

Pneumothorax exists with a disease spectrum, ranging from devastating emergency to asymptomatic minor abnormality (8–11). There are lots of innovative treatments proposed in recent decades (1–5, 7, 12–16). Most thoracic surgeons worldwide are well trained to perform VATS bullectomy on patients with PSP, but many inconsistencies have been found in terms of how they perform VATS. Different methods have their individual risks. In most cases, the disease course is not so lethal that recurrence is the main problem. While it is not difficult to drain air from the body using a drain and chest bottle, the major challenge is to prevent reoccurrence (17–19). Therefore, the operation target is resuming complete expansion of the lung and prevention of recurrent pneumothorax. Clinically, indications for surgery include ipsilateral or contralateral recurrent episodes; persistent air leaks from chest tube (>5–7 days) or radiological persistence of pneumothorax after the same period; bilateral pneumothorax; concurrent hemothorax; risk occupation and pregnancy (4). Thus, pleurectomy or pleural abrasion by VATS is better tolerated but has a higher recurrence rate (approximately 5%). Our previous study also showed that needlescopic VATS is feasible in the treatment of PSP (3).

On the other hand, uniportal VATS has been proposed for innovative minimally invasive approach for surgical management in PSP for many years. In this study, we found the feasibility, complications, and short-term outcomes of needlescopic VATS with those of uniportal VATS procedures are quite similar. Uniportal VATS has the advantageous post-operative pain score while others parameters seem equal and non-inferior. This reduction in pain could potentially facilitate quicker recovery periods, decrease the need for analgesics, and improve overall patient experience post-surgery.

Moreover, the similarity in short-term outcomes between the two techniques suggests that the choice of surgical approach can be tailored to the surgeon's expertise and patient preferences without compromising the effectiveness of PSP treatment.

In addressing the management of primary spontaneous pneumothorax (PSP), our study contributes to a nuanced understanding of the comparative effectiveness of uniportal vs. needlescopic VATS. The epidemiological profile and treatment landscape of PSP have evolved, with Hallifax et al. highlighting a significant increase in hospital admissions for PSP over a nearly five-decade span, underscoring the importance of effective management strategies for this condition (20). This trend necessitates a reevaluation of surgical approaches to optimize patient outcomes and healthcare resource utilization.

Our findings, which indicate no significant difference in post-operative outcomes between the two surgical techniques, resonate with the ongoing debate regarding the optimal management of PSP. The study by Brown et al. provides a pertinent comparison, suggesting that conservative management of PSP may be noninferior to interventional approaches, with a lower risk of serious adverse events (21). This insight is crucial, as it frames our results within a broader context of seeking less invasive yet effective treatments for PSP, aligning with our observation of the minimal difference in efficacy between uniportal and needlescopic VATS.

Moreover, the exploration of ambulatory management by Bintcliffe et al. sheds light on alternative PSP treatment modalities that could further reduce hospitalization duration and associated healthcare costs, without compromising safety (22). Their findings support our study's implication that advancements in PSP management should not only focus on surgical innovation but also on enhancing patient recovery and system efficiencies.

In light of these studies, our research underscores the need for a multifaceted approach to PSP treatment that considers patient preferences, resource availability, and the potential benefits of newer, less invasive techniques. The gradual shift towards uniportal VATS in our practice, post-2017, reflects an adaptation to these evolving treatment paradigms, aiming to balance surgical efficacy with patient-centered care outcomes.

Despite these promising findings, it is essential to acknowledge our study's limitations, including its retrospective design, which may introduce selection bias and limit the generalizability of the results. Future prospective studies with larger sample sizes are needed to confirm these findings and explore long-term outcomes, such as recurrence rates and quality of life post-surgery.



Conclusion

Our comparative analysis of needlescopic VATS and uniportal VATS for PSP management has demonstrated that uniportal VATS is an effective, safe, and potentially more patient-friendly option due to its association with lower post-operative pain. The findings support the use of uniportal VATS as a viable surgical alternative for treating PSP, offering benefits that align with the goals of modern thoracic surgery: minimizing invasiveness, enhancing patient comfort, and ensuring optimal clinical outcomes. As the field of minimally invasive thoracic surgery continues to evolve, ongoing research and innovation will be crucial in refining surgical techniques and improving patient care in PSP management.
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