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Objective

This study aims to determine the optimal dividing order of anatomic pulmonary resection under uniportal video-assisted thoracoscopic surgery (uni-VATS) for patients with right upper peripheral lung cancer.



Methods

Patients who met the eligibility criteria were randomly allocated into the aBVA and VAB groups. In the aBVA group, the surgical procedure proceeded from the posterior to the anterior region (from the deeper to the superficial site). In the VAB group, the dissection orders were vein first followed by arterial branches, followed by the bronchus. Clinical data were collected and analyzed.



Results

Sixty patients were randomly allocated to the aBVA group (n = 30) and the VAB group (n = 30). The operation time in the aBVA group (230.500 ± 68.360 min) was significantly shorter than that in the VAB group (305.600 ± 107.821 min) (p = 0.01). The blood loss in the aBVA group (104.000 ± 70.935 ml) was significantly lower than that in the VAB group (391.000 ± 625.175 ml) (p = 0.01). Two patients in the VAB group underwent conversion to 2-portal VATS. The number of lymph nodes (13.367 ± 5.436 vs. 10.333 ± 7.279, p = 0.072) and lymph node stations (5.067 ± 1.574 vs. 4.467 ± 2.345, p = 0.567) were comparable between the two groups. The differences in the postoperative drainage tube time (5.033 ± 3.113 vs. 6.467 ± 4.447 days, p = 0.278) and hospital stay (8.233 ± 3.390 vs. 9.433 ± 4.523 days, p = 0.361) were not significantly different between the two groups.



Conclusion

Compared with the VBA procedure, aBVA is easier for patients with right upper peripheral lung cancer who undergo uni-VATS lobectomy.
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Introduction

Lung cancer has the second highest incidence and highest mortality rate of cancer in both men and women worldwide (1). It is well known that surgical resection plays an important role in the comprehensive treatment of nonsmall cell lung cancer (NSCLC). In patients with NSCLC who underwent surgery, the right upper lobe had the highest incidence rate (23.8% to 47.0%) among the five lung lobes (2–7). The current National Comprehensive Cancer Network (NCCN) guidelines for NSCLC suggest that for medically operable disease, resection is the preferred local treatment modality (other modalities include stereotactic ablative radiotherapy, thermal ablation such as radiofrequency ablation, and cryotherapy), and that anatomic pulmonary resection is preferred for the majority of patients with NSCLC (8). However, the optimal order of anatomical hilar resections remains controversial. In addition, the NCCN guidelines for NSCLC also suggest that video-assisted thoracoscopic surgery (VATS) or minimally invasive surgery (including robotic-assisted approaches) should be strongly considered for patients with no anatomical or surgical contraindictions (8). With the advantages of direct view, easy learning, reduced operation time and postoperative drainage duration, decreased postoperative pain and hospitalization, diminished inflammatory response, and faster access to chemotherapy (3, 9, 10), uniportal VATS (uni-VATS) has been widely accepted and used. Therefore, in this study, we attempted to distinguish the optimal order of anatomical pulmonary resection under uni-VATS for patients with right upper peripheral lung cancer.



Materials and Methods


Study Design

This project was designed as a pilot, prospective, randomized controlled study and was approved by the Human Ethics Committee and the Research Ethics Committee of the Affiliated Hospital of Guizhou Medical University (Guizhou, China; approval no. 2021-475). Written informed consent was obtained from the parents or legal guardians for the use of their data in scientific research at the beginning of enrollment.



Patient Recruitment

Eligibility criteria included peripheral NSCLC diagnosed by preoperative computed tomography (CT) scan and pathological findings, operable disease confirmed by preoperative evaluation, and male or female patients. The exclusion criteria were as follows: peripheral massive lesion involving the hilar, calcification of hilar lymph nodes, and complications that were planned to be simultaneously managed by surgery or other surgical contraindications that might impact the perioperative outcomes of surgery, such as seriously poor cardiopulmonary function.



Randomization

Patients who met the eligibility and exclusion criteria were randomly allocated into the aBVA and VAB groups by minimization (11, 12) based on clinicopathological characteristics, including age, sex, pathology, and TNM stage as the eighth edition of the TNM Classification for Lung Cancer (13).



Surgical Procedure

All surgical procedures were performed by the same team. The details of the procedure we used were similar to those described previously (14). However, there were some components that should be reiterated. The incision, approximately 3.0 to 4.0 cm long, was performed at the fifth intercostal space, between the anterior axillary line and posterior axillary line. A small disposable plastic wound protector was used to stretch the incision. A 30°, 10-mm high-definition camera thoracoscope was used to provide a panoramic view and placed at the posterior part of the incision. Wedge resection of the lesions was then performed first in both groups. The main differences between the two groups were the order of the hilar structures to be dissected. In the aBVA group (Figure 1 and Video S1), the procedure proceeded from the posterior to the anterior region (from the deeper to the superficial site). The fissure was stapled first if it was incomplete using the tunnel technique (15), and the posterior ascending artery (“a” in aBVA) was then cut followed by the upper bronchus. The upper arterial branches (including variant arterial branches) were then stapled as well as the upper vein simultaneously with a stapler as the last step.




Figure 1 | The main steps of the aBVA procedure. (A) Cutting the posterior ascending artery (“a” in aBVA), (B) stapling the upper bronchus, and (C) stapling the upper arterial branches (including variant arterial branches) as well as upper vein simultaneously.



To shorten the operation duration and reduce the risk of vessel injury, the hilar lymph nodes and surrounding tissue were dissociated from the mediastinum and pushed to the distal end (not removed from the chest right now), which was extracted along with the upper lung in a protective bag when the lobectomy was completed and removed in vitro for histopathological examination.

In the VAB group (Figure 2 and Video S2), the dissecting orders were as follows: the upper vein was stapled first, followed by the upper arterial branches and variant arterial branches, stapling the fissure if it was incomplete. The posterior ascending artery was then cut, and the upper bronchus was stapled as the last step.




Figure 2 | The main steps of the VAB procedure. (A) Stapling the upper vein, (B) stapling the upper arterial branches, (C) cutting the variant arterial branches, (D) cutting the posterior ascending artery, and (E) stapling the upper bronchus.



When the fissure was complete, lobectomy was easier and faster in both groups because the artery in the fissure was exposed, and no lung parenchyma was incised. As a rule, in both groups, double ligation was used for all vessels less than 10 mm in diameter; otherwise, a stapler was used. Systemic node dissection was performed to remove the right upper and lower paratracheal, subcarinal, paraesophageal, and pulmonary ligament lymph nodes. At the end of the surgery, one intercostal drain was placed through the incision, as described previously (16), and was removed postoperatively when the daily drainage was <200 ml with no air leakage and sufficient lung expansion on chest X-rays. Patients were usually discharged the day after the chest tube removal and were routinely followed up after 1 week, every 3 months until 2 years postoperatively, and every 6 months thereafter.



Conversion to Multiportal VATS or Thoracotomy

The surgeons made the decision to convert to multiportal VATS if the operation was difficult to proceed or thoracotomy when uncontrolled bleeding occurred. If conversion to multiportal VATS was required, a 1.2-cm assistant incision at the midaxillary line or another 1.2 cm assistant incision at the posterior axillary line was performed at the seventh intercostal space. When conversion to thoracotomy was needed, anterior and posterior extension of the uniportal incision to about 10 cm in length at the fifth intercostal space was made.



Data Collection and Statistical Analysis

All clinical data were collected from the institutional database, anesthesia and surgical notes, and medical and nursing records. Descriptive statistics were used to describe the demographic characteristics. Continuous variables were presented as mean ± standard deviation (mean ± SD), and categorical variables are presented as numbers and percentages. When variances were equal, a two-sample unpaired t-test with equal variance was used for continuous variables. For unequal variances, the two-sample Wilcoxon rank-sum (Mann-Whitney) test was used. χ2 or Fisher’s exact test was used for binary categorical data, and results are presented as odds ratios (ORs) and 95% confidence intervals (CIs). Statistical analysis was performed using Stata 15.0 (StataCorp LP). All statistical tests were two sided, and p < 0.05 was considered to indicate a statistically significant difference.




Results

Sixty consecutive patients with right upper peripheral NSCLC were randomly allocated to the aBVA group (n = 30) and the VAB group (n = 30). The differences in the clinicopathological characteristics between the aBVA and VAB groups were not significant (Table 1). The operating time in the aBVA group (230.500 ± 68.360 min) was significantly lower than that in the VAB group (305.600 ± 107.821 min) (p = 0.01). Consequently, the blood loss in the aBVA group (104.000 ± 70.935 ml) was significantly lower than that in the VAB group (391.000 ± 625.175 ml) (p = 0.01). Two patients in the VAB group underwent conversion to 2-portal VATS because of difficulty in placing the stapler around the superior pulmonary vein due to a lack of angle. The number of lymph nodes (13.367 ± 5.436 vs. 10.333 ± 7.279, p = 0.072) and lymph node stations (5.067 ± 1.574 vs. 4.467 ± 2.345, p = 0.567) were comparable between the two groups. The differences in the postoperative drainage tube time (5.033 ± 3.113 vs. 6.467 ± 4.447 days, p = 0.278) and hospital stay (8.233 ± 3.390 vs. 9.433 ± 4.523 days, p = 0.361) were not significant between the two groups (Table 2). No uncontrolled bleeding or perioperative death occurred, and no conversion to thoracotomy was needed in either group.


Table 1 | Differences in clinicopathological characteristics between the VAB and aBVA groups.




Table 2 | Differences in surgical outcomes between the VAB and aBVA groups.





Discussion

The current NCCN guidelines for NSCLC suggest that anatomical pulmonary resection is preferred for the majority of patients with NSCLC (8). However, the optimal order for anatomical resection remains controversial. Traditionally, it has been suggested that the pulmonary vein be cut first to avoid dissemination of tumor cells, which could consequently lead to blood micrometastasis and treatment failure (17–21). However, other studies concluded that the sequence of ligation of pulmonary vessels did not seem to influence oncological outcomes or survival (22–24). Despite the controversy, we still performed wedge resections first for the sake of clarity in the present study.

In addition, the NCCN guidelines for NSCLC suggest that VATS or minimally invasive surgery (including robotic-assisted approaches) should be strongly considered for patients with no anatomical or surgical contraindictions (8). With the advantages of direct view, easy learning, less operation time and postoperative drainage duration, decreased postoperative pain and hospitalization, diminished inflammatory response, and faster access to chemotherapy (3, 9, 10), uni-VATS has been widely accepted and used. Therefore, anatomical right upper pulmonary resection was performed using uni-VATS in this study.

The results of this study demonstrated that the operation time (230.500 ± 68.360 vs. 305.600 ± 107.821 min, p = 0.01) and blood loss (104.000 ± 70.935 vs. 391.000 ± 625.175 ml, p = 0.01) in the aBVA group were significantly shorter than those in the VAB group. These results were in accordance with those of a previous retrospective study by Zhai et al. (22). These advantages may be attributed to the change in the hilar cutting order. It is well known that in the VAB procedure, the upper pulmonary vein is the most difficult structure to divide first with a stapler through a single incision because it is difficult to achieve better angles for stapler insertion. Many solutions have been attempted, for example, using curved-tip staplers or polymer vascular clips, ligation of the vein using sutures, and cutting the upper arterial branches first (9, 10, 14). When the aBVA procedure is used, it is easy to cut the posterior ascending artery first and the upper bronchus with a stapler through a single incision because they are farther away from the incision. It is easier then to cut the upper pulmonary vein as well as the upper arterial branches (including variant arterial branches), as they have increased degrees of freedom.

The results of this study also showed that the number of lymph nodes (13.367 ± 5.436 vs. 10.333 ± 7.279, p = 0.072) and lymph node stations (5.067 ± 1.574 vs. 4.467 ± 2.345, p = 0.567) were comparable between the two groups. The differences in the postoperative drainage tube time (5.033 ± 3.113 vs. 6.467 ± 4.447 days, p = 0.278) and hospital stay (8.233 ± 3.390 vs. 9.433 ± 4.523 days, p = 0.361) were not significantly different between the two groups. This implies that the aBVA procedure can achieve short-term surgical outcomes similar to those of the VAB procedure.

The present study had some limitations. It failed to compare the two procedures in patients with central lung cancer and lacked the results of long-term surgical outcomes. Further investigation is required to address these issues.



Conclusion

In conclusion, for patients with right upper peripheral lung cancer, compared with the VAB procedure under uni-VATS, the aBVA procedure is easier and can achieve the same short-term surgical outcomes; therefore, it is worth promoting the application of the aBVA procedure in clinics.
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