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Background: With the development of computed tomography, the detection rate of pulmonary nodules is increasing. Accurate localization, minimally invasive resection, and rapid recovery are the most concentrated issues in modern thoracic surgery. However, some traditional procedures, including CT-guided localization and general intubated anesthesia, might prolong the operation and postoperative recovery. The integrated operating room provides a practical approach to achieve precise pulmonary nodule localization with real-time images using electromagnetic navigation bronchoscopy (ENB). Meanwhile, the minimally invasive video-assisted thoracoscopic surgery (VATS) under non-intubated anesthesia is also applied in the same place, enhancing operative efficiency and recovery after surgery.

Method: The patients with pulmonary nodules resection who underwent nodules localization and uniportal VATS under non-intubated anesthesia in the integrated operating room between September 2018 and December 2021 were identified and collected. They all received ENB localization before uniportal VATS under non-intubated anesthesia, provided by the same group of anesthesiologists and surgeons. Perioperative data of patients were analyzed and evaluated to demonstrate the feasibility and efficiency of the procedure.

Result: A total of 243 patients with 251 pulmonary nodules underwent ICG staining localization by ENB. The mean calibration time and navigation time were 0.91 ± 0.43 min and 10.56 ± 7.24 min, respectively. Overall, successful navigation occurred in 248 (98.80%) nodules. All patients received thoracoscopic surgery after localization, including wedge resection (231, 92.03%), segmentectomy (13, 5.18%), and lobectomy (7, 2.79%). All nodules were completely resected without serious complications. The mean postoperative hospital was 1.80 ± 0.83 days.

Conclusion: ENB localization and nodules resection under non-intubated uniportal VATS in the integrated operating room provides a feasible and efficient approach to the pulmonary nodules patients, favoring the treatment precision and enhanced recovery.
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INTRODUCTION

With the wide use of chest computed tomography (CT), more potentially operable lung cancer patients can be identified at an early stage and receive timely surgical treatments. A study (1) pointed out that China has the highest incidence of lung cancer among Asian races. Therefore, a novel surgical approach for early and precise excision of pulmonary nodules is urgently needed. The lung resection can be performed in a less invasive way via video-assisted thoracoscopic surgery (VATS) with three-port incisions or even a single incision. Because of its advantages of high flexibility and minor trauma, VATS has become the preferred surgical method for pulmonary nodules resection (2, 3), including wedge resection, segmentectomy, and lobectomy.

More advanced strategies have improved surgical outcomes, including non-intubated anesthesia and electromagnetic navigation bronchoscopy (ENB). Non-intubated anesthesia is a new advanced strategy conducted by locoregional anesthesia with spontaneous ventilation without side effects of general anesthesia and one-lung ventilation. Compared with endotracheal intubation, which significantly reduced the incidence of postoperative complications, shortened the length of hospital stay (4), attenuated stress, inflammatory responses, and stimulation of cellular immune function (5), thus enhancing the rapid recovery. The lesion is usually located by CT or bronchoscopy in the clinic. Generally, the pulmonary nodules can be precisely localized by the traditional CT-guided method. However, complications such as hemorrhage, hematoma, and pneumothorax are likely to occur during the procedure (6, 7). The electromagnetic navigation bronchoscope may be a better alternative to solve these problems.

Given the merits of both uniportal VATS under non-intubated anesthesia and ENB, the concept of the integrated operating room was appeared and developed. Previous studies (8–11) have found that the integrated operating room could reduce the interruption in the operation process, optimize the workflow. Thus, it was less time-consuming and potentially improved safety in the OR. Performing localization and operation in the same room is helpful to reduce the risks of adverse events during transferring. This study intends to evaluate the feasibility and efficiency of the integrated operating room and the non-intubated uniportal VATS in pulmonary nodules localization and resection.



MATERIALS AND METHODS


Non-intubated Anesthesia

Localization and resection of pulmonary nodules were performed under non-intubated anesthesia. Propofol was administered intravenously via target-controlled infusion while using a mask to deliver oxygen and remove nitrogen (TCI). When the patient was successfully sedated, a laryngeal mask (WELL LEAD, Guangzhou, China) indo was inserted with a single dose of 0.05–0.1 mg/kg intravenous muscle relaxant (cisatracurium) during induction of anesthesia. The oxygenation was 40% at a rate of 3.5 mL/min. Following that, the continuous intravenous infusion of propofol through TCI, the remifentanil and dexmedetomidine hydrochloride were administered to maintain spontaneous breathing throughout the procedure. An intraoperative spectrum analyzer was utilized to monitor the depth of anesthesia during the procedure. The bispectral index (BIS) would be maintained between 40 and 60, while the respiratory rate would be between 12 and 18 beats per minute. To ensure the safety of the surgery, endotracheal intubation, thoracoscopic intubation, and mechanical breathing equipment were prepared to prevent airway blockage or severe hemorrhage.



Navigation Procedure

The patient was given the entire intravenous anesthetic without endotracheal intubation in the integrated operating theater. The patient was in supine position on the electromagnetic bed during the navigation procedure. A bronchoscopy with the guidewire in the working channel was inserted through laryngeal mask. The ENB (LUNGCARE, Suzhou, China) has been placed along the navigation route into the target segmental bronchiole till the guidewire was calibrated the bilateral major bronchus and trachea (Figure 1). A dosage of indocyanine green (ICG, DANDONG YICHUANG, Liaoning, China) injections mixed with air was injected into the working channel for mapping. Once localization was completed, the patient would receive surgery directly in the same room.


[image: Figure 1]
FIGURE 1. The diagram of electromagnetic navigation bronchoscopy (ENB) for pulmonary nodule localization.




Uniportal VATS Procedure

Uniportal VATS was performed through a single incision at the fifth intercostal space or the subxiphoid (Figure 2). Supine position will be chosen when using a subxiphoid approach (nodules occurred in both left and right lobe), while a lateral position will be selected when nodules were ipsilateral. After introducing thoracoscopy, 2% lidocaine was sprayed on the lung surface and injected to block the sympathetic nerve to eliminate cough reflex and reduce the mediastinal movement. ICG fluorescence was detected by near-infrared thoracoscopy, and sublobectomy or lobectomy was performed according to frozen section results. After hemostasis and aerostasis were secured, the chest tube would be inserted through the incision and removed after the lungs were fully inflated. The incision would be sutured by layers.


[image: Figure 2]
FIGURE 2. The diagram of uniportal NIVATS in subxiphoid approach.




Patients

The inclusion criteria for this study were as follows: (a) preoperative thin-layer high-resolution CT scan confirmed the presence of pulmonary nodules; (b) ICG staining and localization of pulmonary nodules by ENB; (c) surgical history, including wedge resection, segmentectomy, and lobectomy; (d) the resection was under uniportal non-intubated VATS (NIVATS) in the integrated operating room; (e) the procedure performed by the same group of anesthesiologists and surgeons; (f) active follow-up after surgery.



Data Analysis

Demographic data of the patients, including gender, age, height, weight, body mass index (BMI), and perioperative data, including calibration time, navigation time, resection range, postoperative complications, were collected and analyzed. Statistical analyses were performed using SPSS Statistic (Version 25, IBM Corp, Armonk, NY.).




RESULTS


Patients

A total of 243 patients (Table 1) were enrolled from September 2018 to December 2021, including 88 males and 155 females. The average age was (52.32 ± 11.47) years old. The average body mass index (BMI) was (22.89 ± 2.94) kg/m2. Among them, 13 cases had a family history, 26 had a smoking history, 11 were positive for tumor markers, 212 had only one pulmonary nodule in CT examination, and 31 had multiple lesions (≥2 nodules). CT showed a total of 251 lesions, with an average diameter of nodules was (8.52 ± 4.64) mm. Most nodules were observed in the upper lobe and the least in the middle lobe (Table 2).


Table 1. Baseline characteristic (n = 243).
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Table 2. Nodules characteristic (n = 251).
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Operation-Related Results

Two hundred fifty-one pulmonary nodules (Table 2) underwent ICG staining localization by ENB between September 2018 to December 2021. The mean calibration time and navigation time, respectively, were 0.91 ± 0.43 min and 10.56 ± 7.24 min (Table 3). Overall, successful navigation occurred in 248 (98.80%) nodules, and the other three nodules were not localized successfully because of anatomical variation. Under the fluorescence control microscope, the fluorescence was located on the surface of the visceral pleura closest to the tumor, and no dye dissemination was found during the operation. There were no complications such as pneumothorax or pulmonary hemorrhage after localization. All patients received uniportal VATS after localization, including wedge resection (23,192.03%), segmentectomy (135.18%), and lobectomy (72.79%). The frozen sections were applied to all cases to identify the malignancies and to determine the resection margins. In this research, most of the nodules were diagnosed as minimally invasive adenocarcinoma (MIA, 109, 43.43%), and two nodules were mucin-producing adenocarcinoma (MPA, 2, 0.80%) (Figure 3). All nodules were completely resected without severe complications. The mean postoperative hospital was 1.80 ± 0.83 days, in which the majority was 2 days (122, 50.21%).


Table 3. Perioperative data.
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FIGURE 3. Pathological results of nodules: minimally invasive adenocarcinoma (MIA,109,43.43%), invasive adenocarcinoma (IA,46,18.32%), adenocarcinoma in situ (AIS,30,11.95%), atypical adenomatous hyperplasia (AAH,12,4.78%), mucin-producing adenocarcinoma (MPA, 2, 0.80%), other including metastatic tumor, pulmonary hamartoma, aspergillus nodules, tuberculoma, fibrous nodule, granuloma, et al. (52,20.72%).





DISCUSSION

Lung cancer is the leading cause of cancer-related morbidity and fatality rate globally (12), and it also ranks top in China (13). The NCCN suggests that if there is a high suspicion of lung cancer, biopsy or surgical excision, with sufficient and adequate tissue sample to enable histology and molecular testing, are recommended (14). Moreover, trial No.JCOG0802 reported that segmentectomy would be a standard treatment for an NSCLC tumor diameter ≤ 2 cm if the superior pulmonary function and non-inferiority in overall survival are confirmed (15). Due to the advantages of less pain, shorter hospital stay, faster recovery, fewer complications, uniportal video-assisted thoracoscopic surgery has been recommended as the primary surgical therapy for pulmonary nodules (16, 17). However, accurate localization of pulmonary nodules is essential before surgery. Preoperative localization of pulmonary nodules now includes CT-guided hook-wire placement, nuclide or dye injection, intraoperative ultrasound localization, ENB dye injection, et.al. However, procedure-related complications, including pneumothorax, hemothorax, hematoma, and pleural reaction have been reported, which might jeopardize the postoperative quality of life and recovery to some extent. The rationale of this strategy is to enter the lung through the natural cavity and trachea to achieve nodules directly with the virtual scene. Localization of indocyanine green (ICG) injections under ENB can assist surgeons in identifying lung lesions more rapidly and precisely (18, 19). The ENB-guided ICG injection was utilized to localize pulmonary nodules in this report. Neither radiation nor displacement of the hook would appear in this method. Compared to the CT-guided localization, the dye would not spread in the thoracic cavity even if the patient's position was changed when dealing with the nodules near the visceral pleura. In addition, ICG staining has no impact on the pathological observation of the specimens, which would not jeopardize the clinical diagnosis. Moreover, the patients with multiple nodules would have to receive multiple radiations and punctures, suffering severe psychological pressure. For the three cases that were unsuccessfully localized by ENB because of anatomical variation, CT scan was performed and matched with individual 3D reconstruction before operation as the alternatives.

For the sake of minimal invasiveness, NIVATS was employed in this study. Double-lumen endotracheal intubation is required in the traditional VATS, which might induce airway trauma, ventilation lung damage, impair heart function (20), and even postoperative acute lung injury (ALI) (21). The emerging spontaneous breathing anesthetic can avoid direct harm from tracheal intubation. Lan L et al. reported that NIVATS showed a faster and more stable recovery in the post-anesthesia care unit (PACU), postoperative awaking, and PACU stay times were shorter. The use of sedatives and analgesics was less (22). Our previous preliminary feasibility study (16) also demonstrated that compared with the conventional VATS, patients who received spontaneous ventilation via uniportal VATS had a shorter postoperative recovery time, a shorter duration of postoperative hospitalization, and were able to eat and mobilize earlier. Also, patients receiving NIVATS had a less severe stress response, such as lower stress hormones including adrenaline, cortisol, and procalcitonin, and lower levels of inflammatory factors such as white blood cells, IL-6, IL-8, and CRP (5). In these cases, the patients whose perioperative hospital stay was from 0 to 2 days were 213 (87.65%) totally, which mirrored the result of studies mentioned above, showing that uniportal NIVATS could accelerate patient's recovery and improve patient's hospital experience.

None of the patients had a significant problem during or after the procedure. Compared to the traditional operating room, the integrated one is well-equipped that can fit most surgical operators' demands at any time. Unlike standard operating rooms, the integrated operating room allows for real-time focus imaging, which aids in proper diagnosis and treatment. The present study found that NIVATS for pulmonary nodules in an integrated operating room could enhance the efficiency and eliminate adverse events and inconveniences associated with the transferring. Jin et al. (23) reported similar findings that hybrid operating rooms successfully minimized thoracic surgical complications and mortality. This study suggested that such approach in the integrated room had a short mapping time, convenient operation, and high ENB localization technic success rate. Concerning the learning curve, it is easy for surgeons to get accustomed to the surgical vision and enhance hand-eye coordination in a shorter time (24). The concept of an integrated operating room combines the benefits of ENB and uniportal NIVATS, tailoring the diagnostic and treatment plan to the individual needs, providing a new option for personalized and precise diagnosis, treatment of pulmonary nodules, and improving postoperative rehabilitation.

However, limitations should be admitted in the present study. First, it is a retrospective single-arm study. Although the safety and feasibility were described in the study, the data was insufficient to demonstrate the superiority of the integrated operation room. Furthermore, integrated operating room has more stringent standards for operating equipment and medical personnel, making them unavailable for general practice. Therefore, it should be thoroughly considered before construction and application. Finally, the included patients are still in the follow-up process that the long-term outcomes are immature for analysis. Hence, implementing studies with a more rigorous design is warranted, including large-scale multicenter RCTs with more objective and clinically relevant outcomes.



CONCLUSION

ENB localization and nodules resection under non-intubated uniportal VATS in the integrated operating room provide a feasible and efficient approach for pulmonary nodules, enhancing the treatment precision and postoperative recovery.
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